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TRANSACTIONS.

L Account of some Experiments made in Different Parts of Europe, on Terrestrial

Magnetic Intensity, particularly with reference to the Effect of Height. By
James D. Forbes, Esq., F. R. SS. L. Sf E. 8fC., Professor of Natural Philosophy

in the University of Edinhu7'gh.

Read 19th December 1886.

1. The Council of the Royal Society of Edinburgh having, on my application

in 1832, entrusted me with Hansteen's Magnetic Intensity Apparatus, in their

possession, I feel it to be my duty to communicate to the Society the results then

and subsequently obtained with it.

2. The instrument consists of a mahogany box 5 inches long, 4 broad, and

2 deep, with sides and top of glass, having also a wooden tube, screwing into

the top, for containing a silk-worm's fibre about 5 inches long, by which the

magnetic needle is suspended so as to place itself horizontally, and after being

caused to deviate from its point of rest, the time of any given number of oscil-

lations in a horizontal plane is measured,—whilst a graduated circle in the bot-

tom of the box indicates its arc of vibration.

3. The needles which accompanied the instrument, when originally sent

from Norway, are two in number, one a cylinder 3 inches long and 0.1 inch in

diameter, is marked on its case " No. 1." The other is shorter, thicker, and

heavier, and from its form has always been called the " Flat" needle. These

were the needles used with this apparatus by Mr Dunlop, in the experiments

made in Scotland at Sir T. M. Brisbane's expense, and published in Vol. XII. of

the Society's Transactions. A reference to that volume will shew clearly Profes-

sor Hansteen's and Mr Dunlop's method of observation, which, essentially, I

have always followed.

4. If we assume the magnetism of a needle to remain invariable, the inten-

VOL. XIV. PART I. A



2 PROFESSOR FORBES'S EXPERIMENTS ON

sity of the earth's magnetism at different places, or at the same place at different

times, will be (on the principle of the pendulum) inversely as the square of the

time required to perform a given number of vibrations in infinitely small arcs,

under the different circumstances. But various adjustments have to be attended

to, and corrections applied.

5. Nothing more portable or more simple than the instrument in its pre-

sent form can be desired. These requisites are no doubt obtained at the expense

of some accuracy. Mr Snow Harris has shewn * that the influence of the sur-

rounding air upon the needle gives rise to considerable errors, especially when
the needle is so small and light, as in Hansteen's apparatus. But greatly to en-

large the needle, and to connect an air-pump with the apparatus, is nearly equi-

valent to depriving the traveller of its use altogether. Hansteen's instrument

was the constant companion of my pedestrian excursions, and had it been in any

other form, the present observations would probably never have been made. Be-

sides all this, there are sources of error arising from imperfectly lmo^^^l and irre-

gular variations of the earth's intensity, and equally or more important ones from

changes of magnetic intensity in the needle itself, which the improvements in

question do not affect. Until by a regular and long continued series of observa-

tions, such as those likely to be undertaken at Greenwich, magnetism shaU be re-

duced to more of a science than it is at present, we must beware of pretending to

illusory accuracy in a traveller's detached experiments. Those about to be de-

tailed in this paper, will sufficiently indicate the degree of comparability of obser-

vations made with Hansteen's instrument, such as it is, and which is by far the

best test of their real value. It has certainly rather exceeded than fallen short of

my expectations.

^1. Adjustments and Method of ohserving.

6. Hansteen's instrument contains no provision for securing the horizonta-

lity of the needle, which is of considerable importance. The needles have, indeed,

sliding collars of suspension, which may be altered with change of dip, but the

box has no adjusting levels. I have always f used a small spirit level for adjust-

ing the bottom of the box, and then, as carefully as I could, made the needle hang

parallel to it, but the adjustment was troublesome and unsatisfactoiy.

7. The needle being levelled and allowed to come to rest, it was drawn out

of its position of rest ±, but always in a horizontal plane, by the approach of a

* Edinburgh Transactions, vol. xii. p. 1.—See also the Observations of Professor Bache ; Ame-

rican Phil. Trans, vol. v.

t I cannot answer, however, for two or three of the first observations hereafter to be quoted.

X As the torsion of the silk fibre must have some influence, it is not unimportant to remark, that

the same thread which was adapted to. the instrument in August 1832, has been used ever since.
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piece of iron or steel (usually a penknife), and the process repeated until the semi-

arc of vibration exceeded 20°, if 300 vibrations were to be observed, or 10° if 100

only were observed, as was more usually the case. This last deviation from Pro-

fessor Hansteen's practice was not adopted without due consideration. The large

commencing arc necessary in order that the vibrations might be distinguishable

at the close of 300, increased greatly the errors pointed out by Mr Harris. More-

over, there seemed less chance of error in combining several series of 100 vibra-

tions taken in succession, than in using a single series of 300, which, from the

time it occupies, is more liable to be interrupted and rendered useless by a gust

of wind, or a momentary relaxation of the painful attention required to be exerted

by an unassisted observer. Besides, the mere error of the observed time, depend-

ing on the eye and ear of the observer, will not exceed even in 100 vibrations the

uncertainty arising from causes impossible to eliminate,—indeed falls much short

of it : yet this is the only error which we diminish by increasing the vibrations in

a series to 300.

8. When the semi-arc of vibration had diminished to 20°, or to 10° (as 300,

or 100 vibrations were to be observed), the counting of vibrations commenced,

—

the hour, minute, second, and decimal, of the beginning or 0th vibration being

noted, and the second and decimal only for each succeeding 10th vibration, until

360 vibrations (in the first case) or 160 (in the second) were observed. These se-

conds of time are arranged in columns, so that the times of the 0th, 100th, 200th,

300th vibration, run along the same horizontal line as do the 10th, 110th, 210th,

310th, &c. The time of the 0th being then subtracted from the time of the 300th

(or 100th), we have one value of the time of 300 (or 100) vibrations. The 10th,

from the SlOtli (or the 110th) gives a second value, and so on to the 60th and

360th (or 160th), which gives in all seven values of time of 300 (or of 100) vibra-

tions ; the mean of which seven values is taken (the minutes being of course sup-

plied), and the hour, minute, and second of conclusion. The thermometer (en-

closed in the box) is consulted at the beginning and end, and its indications re-

gistered. The rate of diminution of the semi-arc of vibration is ialso observed, its

continued bisection being indicated opposite to the instant at which it occurs in

a column parallel to those already named. The rate of the chronometer is like-

wise to be determined. An example wiU best illustrate all this.

2
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MAGNETIC INTENSITY. 1

Place, Greenhill, near Edinburgh. Ther.
Reauni

Date, 7th May 1833. Beginning, 5h3m41s.6 18°.0

Needle, Flat. End, . . 25 iJ4.5 17°.3

can, 17.65

Arc. Sec. Arc. Sec. Arc. Sec. Sec. 300 Vibrations.

20 41.6 47.8 52.0 56.7

m s

IB 15.1

18.3 24.0 28.3 32.5 14.2

54.7 10 0.4 5.3 9.2 14.5

31.0 36.5 40.8 45.7 14.7

8.6 14.0 5 17.7 22.0 13.5

45.0 49.8 54.2 58.2 13.2

21.7

68.3

26.0

3.3

30.7

7.7

34.5 12.8

m s

35.0 39.0 43.6 Jlean, 18.14.00

11.1 15.8 19.8 = 1094.00

Rate 4- »

9. My method of observing was to keep the chronometer at the ear till the

instant that the termination of a vibration was observed, then to count five beats

of the balance (corresponding to two seconds), which affords time to bring the

dial-plate into view, and the seconds entered in the Table are those read off at

that time, namely two seconds later than the absolute times. Thus the imprac-

ticable attempt to observe two things at once by the eye is avoided. For this and

some other suggestions, I am indebted to my friend Captain P. P. King, R. N.

The observations are registered in lithographed forms bound into volumes.

10. In the choice of stations I have been extremely particular, often at great

personal inconvenience. * Places remote from any trace of habitation have most

usually been selected, and in no case have intensity observations been made in a

house. The specialties of the sites will be noticed in the following Tables. I have

invariably removed all masses of iron from my person ; and in my later experi-

ments even took the precaution of carrying thin shoes, in order that the heavily

nailed ones which I usually wear, might be removed to a distance. The chrono-

meter, too, has generally been held at some distance from the apparatus. But

some direct experiments lead me to believe that the influence of the two last

mentioned sources of error is insensible.

* None but those who have been engaged in observations of the very same description, where

the eye, the ear, and the memory are all actively employed, can have an idea of the difficulty of always

finding sites free from the interruptions of curiosity, or natural obstacles.
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§ 2. Corrections applicable to the Observations.

11. When the mean of seven values of 100 or of 300 vibrations has been

taken, as above explained, a variety of important corrections remain to be ap-

plied.

12. I. Bate of Chronometer.—The following rule due to Professor Hansteen

is simple and accurate :
—" The logarithm to five decimal places of the observed

time is taken, unity is to be added to the fifth decimal place for every two seconds

per diem that the watch goes slow ; and unity subtracted for every two seconds that

the watch goes fast." The demonstration is too simple to require notice. The

following is a table of corrections :

—

Table I.

Rate -f- C"
Log. Additive.

0.00000 Rate _Qsec
Log. Additiv

0.00000

2 0.99999 2 0.00001

4 0.99998 4 0.00002

6 0.99997 6 0.00003

8 0.99996 8 0.00004

10 0.99995 10 0.00005

There is another chronometric correction worth mentioning, arising from the

necessarily imperfect division of the seconds' circle of an enamelled dial-plate. In

my watch this amounts to a sensible quantity, and has often given an apparent

discrepancy to the partial results of a series for which I was not prepared. Upon
investigation, I find, however, that the effect upon the mean will always be so in-

significant as to be hardly worth notice.

13. II. Arc.—A correction due to the motion of the magnetic pendulum in cir-

cular arcs, cannot be considered as a constant quantity, and therefore not affect-

ing relative results, 1. Because the rate of diminution of arc varies considerably

in different experiments, and is directly deduced from the observed law of dimi-

nution of arc ; and 2. Because we sometimes have to compare observations of 100

vibrations having an initial semi-arc of 10", with 300 vibrations beginning at 20°.

The latter case having alone been considered by Hansteen, I re-investigated the

theory of the correction, and confirmed his numbers.

14. It is assumed that the arc diminishes geometrically in consequence of re-

sistance, the time increasing arithmetically. The best observations I have made,

confirm the truth of this general admission. Again, we have to recollect, that, in

consequence of the degradation of the arcs, the reduction to infinitely small arcs

for the vibrations between the 0th and the 300th, will be greater than between

the 10th and 310tli, &c., and that the mean of all the corrections (taking this va-
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riation into account) must be applied. The law of the diminution of arc, or the

factor representing the ratio of the arc of one vibration to that of the imme-
diately preceding one, will be at once deduced from observing after how many
vibrations the arc is halved. Let m be that number, then if r be the factor in

question, r"»=:^; whence r — '^>sj\, which is known; and therefore m, together

with the initial semi-arc of vibration, may be used as the arguments for entering

the following table of corrections :— *

* Investigation,—Let » be the initial semi-arc of vibration (taken in parts of radius), and r the ratio

of its diminution by resistance in a single vibration.

Then, for the 1st, 2d, 3d, 4th, wth vibration,

The arcs will be, », »r, otr^, ctr^, ar^~^

And, by mechanics (Poisson, art. 184.), the times occupied by these vibrations will be (the time of an

infinitely small vibration being unity),

And the mean duration of the n vibrations is.

*2M = 1 -^ • —r -L 21 =1-1- — • -;
^16 n ^ 16 (l—r')n

Hence the mean duration of n vibrations,

1—

r

From the 0th to the nth, is 1 + — .- ^, = 1 -f-
^-"^

. A^ 16 (1— r2«) ^ \4J

10th (n -I- 10th), is = i + /*yr"*^'.A

(because the initial arc instead of « is « r^°)

. 20th, (n + 20th), is • =14- (-VV" ^ ""
. A

60th, (« -f- 60th), is = l+f-Vr^'^KA

And the mean value of these deviations, is

The concluding factor may be called B ; and substituting the value of r from the text, or (-g)"? we

have

A. — , 2 \ ^ -^ / 20\

{\-{\y)n A^-{\r^
(the last factor being independent of n), and we have

^ . J rr.. Observed Mean Time
Corrected Time = s '

,+Q.A.B.

whence the Tables are computed.
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Table II.

laitial Semi- Arc = a = 10° Initial Semi- Arc = a = 20°

No. of Vibrations observed = n = 100, No. of Observations observed = n = 300

m Additive Log. m Additive Log.

70 9.99978 70 9.99969

80 9.99976 80 9.99960

90 9.99972 90 9.99953

100 9.99970 100 9.99946

110 9.99967 110 9.99939

120 9.99966 120 9.99933

130 9.99962 130 9.99926

I have every reason to think this correction to be accurate on the whole

:

the agreement of the two modes of observation being in general very close.

15. III. Temperature. This extremely important correction it is very diffi-

cult to determine. Without an accurate estimation of it, it w6uld be vain to at-

tempt to decide whether or not the magnetic energy varies with height ; because

at great elevations the temperature being always diminished, the intensity would

appear too great (the magnetic energy in iron being increased by cold, and dimi-

nished by heat). I therefore endeavoured to compare the intensity of the needles

employed, within the range of temperatures usually observed. The apparatus

employed was of this kind. The needle was first allowed to take the temperature

of a heated room and vibrated. Then every thing else remaining the same (and

of course any local attraction which might exist being unaltered) the apparatus

was placed in a cylindrical glass jar, with ice in the bottom, placed in a dish of

ice, and covered with a glass plate also covered with ice. A steady temperature,

but little above the freezing point, was thus attained, and the oscillation again ob-

served. These experiments were repeated many times. One series was under-

taken at Geneva in October 1832, another at Edinburgh on four different days of

August 1834. Those for the needle. No. 1, were conducted with the most scru-

pulous care, nearly 5000 vibrations having been counted for this purpose alone.

One set was discarded as differing too much from the others, and the remainder

agreed very closely, although made under such different circumstances, and at

such different times. The result adopted for Needle No. 1. gave an increase in

time of .00045 for a diminution of temperature of 1° Reaumur, and vice versa ; for

the Flat Needle (determined from two concordant series, both observed at Geneva

on different days) .00030. From these results the following tables were calcu-

lated, giving the reduction in each case to 0° of Reaumur (which being the scale at-

tached to the instrument, was always observed in these experiments.) This seems

preferable to referring to any other arbitrary temperature, upon which observers

do not generally agree.
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Table III.

Additive Corrections applicable to five Place Logarithms of the Time, for the

effect of Temperature.

NEEDLE, No. I. FLAT NEEDLE.

Temp.
Reaumur. Correction.

Temp.
Reaumur. Correction.

Proportional
Parts.

Temp.
Reaumur. Correction.

Temp.
Reaumur. Correction.

Proportional
Parts.

o

1

2

3
4
5

6

7
8
9

10

9.99980
9.99961
9.99941

9.99922
9.99902
9.99883
9.99863
9.99844
9.99824

9.99805

o

11

12

13
14
15

16

17
18
19
20

9.99785
9.99766
9.99746
9.99726

9.99707
9.99687
9.99668
9.99648
9.99629
9.99609

Corr.

°.l —2
.2 4
.8 6

.4 8

.6 10

.6 12

.7 14

.8 16

.9 18

1

2

3
4
5

6

7
8
9

10

9.99987
9.99974
9.99962
9.99949
9.99936
9.99923
9.99910

9.99898
9.99885

9.99872

o

11
12

13
14
15
16

17
18
19
20

9.99859
9.99846
9.99834
9.99821

9.99808
9.99795

9.99782

9.99770
9.99757
0.99744

Corr.

°.l —1
.2 3
.3 4
.4 5
.5 6
.6 8
.7 9
.8 10
.9 12

16'. I am disposed to think that the correction for temperature is always

open to a certain degree of doubt. Perhaps the condition of magnetism in the

needle is not necessarily that due to the temperature it possesses at the moment,

but rather to a temperature it had formerly. I think I have in some cases per-

ceived indications of this. The Needle No. 1, which is more slender than the

" Flat," seemed to be more steady in its indications than the other, and as I have

always placed more reliance upon its indications, so the effect of temperature was

determined with most care.

17. IV. Variations in the Earth's Magnetic Intensity. These variations

must affect observations of the relative intensity at two places, if the observa-

tions be not simultaneous. These variations are either (1.) secular, shewing a

progressive change from year to year ; (2.) periodical, that is subject to short pe-

riods of variation and regular, as at different seasons of the year, and at different

hours of the day ; or, (3.) accidental, arising from the aurora borealis, or from un-

known causes.* The numerical laws of these three, may be said to be almost

equally unknown ; the variations of the second class have indeed been studied by

Hansteen, Christie, Dove, and others, but the results are not sufficiently ac-

cordant to permit me to apply any of them to my observations. As, however, the

* My friend Professor Necker of Geneva has pointed out to me one of the first recorded obser-

vations of the influence of the aurora upon the magnetic needle, the more interesting because the coin-

cidence was unnoticed (apparently) by the observer himself. In Saussure's Voyages dans les Alpes,

vol. iv. p. 300, that enterprising traveller notices an auroral appearance, observed from the Col du Geant

on the 12th July 1788, and in another part of the same volume (p. 308), records, amongst his magnetical

observations, the unsettled state of the needle during the whole of that evening.



TERRESTRIAL MAGNETIC INTENSITY. 9

epochs are always recorded, this correction may be applied at a future time, and

in a more advanced state of science.

18. V. Variations in the Needles' Magnetism. In all observations of this

kind, this change gives rise to the most troublesome errors. The mode of ensur-

ing an equable magnetic state is unknown, though an approximation may gene-

rally be obtained to it. Of the two needles sent to this country in 1827, by Pro-

fessor Hansteen, one (No. 1.) has, after some slight variations, become almost

stationary in its magnetism ; the other " Flat " has been continually diminishing

in intensity. We have seen in the last article that the earth's magnetic action,

varying continually and being unknown, we can only properly compare observa-

tions made at the same time of the year, and of the day. The progress of change

in the needles may be traced by the following tables.*

Table IV.

NEEDLE, No. I.

Place. Date. Observer.
Log. Time

300 Vibrations.
Log. Ratio of
Annual Change.

Makerstoun,

Edinburgh,

Paris,

1829, Jan. 20, 3^

1830, Jan. 23, 3^

1829, July 9, 11^

1832, June 2, 11^

1833, May 7, 5^

1836, May 4, 1^

1833, June 11, 1^

1835, June 13, 4^

Dunlop.

Forbes.

2.90251

2.90248

2.90765

2.90890

2.90849

2.90915

2.87102

2.87092

}

}
The differences since June 1832 are probably imputable to the

tion alone.

.99997

.00043

.99966

.00066

.99995

horary varia-

FLAT NEEDLE.

Place. Date. Observer.
Log. Time

300 Vibrations.
Log. Ratio of

Annual Change.

Makerstoun,

Edinburgh,

Paris, . .

1828, Dec. 1, 12''

1830, Feb. 14, 3'^

1829, July 9, 10^

1832, June 2, 12'>

1883, May 7, 6^

1835, May 4, 2^

1833, June 11, 2^

1836, June 13, A^

Dunlop.

Forbes.

3.00582

3.01435

3.01240

3.02923

3.03607

3.04579

2.99871

3.00869

.00707

.00546

.00736

.00488

.00500

* The mutual action of the needles is a point of importance. Before they came into my posses-

sion they were kept in their separate cases, but without farther attention, being packed together in Ihe

VOL. XIV. PART I. B
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19. In the case of No. 1., the magnetism has been considered as stationary

throughout the period 1832-1835, with which we are now concerned. In the

case of the Flat Needle, this cannot be assumed, nor can we admit the change to

have been uniform. It seems probable that much movement, and especially al-

ternations of temperature, accelerate the loss of magnetism, that loss having been

greatest in 1832, when most of the following obsei-vations were made. This is

confirmed by a more minute inspection. Observations were made at Geneva on

the 20th August 1832, and again on the 10th November, and between these dates

the whole of the alpine series is contained : Now the variation of the logarithms

for that period is no less than .00452, or at the rate of .02001 per annum ; whilst

we have seen that during the period fi-om June 2. 1832 to May 7. 1833, which

includes the above, the mean change was only at the rate of .00736 per annum.

It is clear then that, in order to render the observations of 1832 comparable with

one another, we must assume a much higher rate than the mean, for the months

from June to November. Admitting some Uttle doubt as to the Geneva compa-

risons due to the monthly change of intensity, and the great difference of tem-

perature in the two cases ; I think that I shall best satisfy the conditions by as-

suming the log. time to have increased by .00100 for each month from June to

November, leaving .00684— .00500 — .00184 for the whole of the remaining six

months down to May 1833, during which the needle was in a state of almost per-

fect repose.

20. The mode of allowing for this is the following. All determinations of

intensity are relative, referring to some intensity as a standard ; but I have taken

the horizontal intensity at Paris as unity (which is to that at the magnetic

equator as 4788 to 10,000 according to Humboldt).* Hence, since the squares of

the times of 100 vibrations are inversely as the magnetic forces, the terrestrial

horizontal intensity at a station A is to that at Paris, or 1, as the square of the

time observed at Paris (which time we may call Tp ) is to the square of the time

observed at station A (or T^). Hence,

Intensity at A =
( ^^ )

If the magnetism of the needle change, we must therefore find by interpolation

the time of vibration at Paris for the particular epoch of observation.

same external case in which they came from Norway. This arrangement I have not changed, but in

packing them I have taken pains to place the opposite poles nearest one another, an arrangement which

seems to have been attended with good effect ; and to shew that needles may lie within an inch or two of

one another without material injury, when we see the stationary condition of No. 1, and the diminishing

rate of variation of the " Flat" Needle.

* Deduced from the measure of total intensity 1.3482 at Paris, given in the Memoires d'Arceuil,

torn. i. multiplied by the cosine of the dip (there also given) 69° 1
2'.
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21. In the case of Needle No. 1. the magnetism being stationary, the time of

100 vibrations has been assumed from an observation made (in M. Arago's

Cabinet Magnetique), 11th June 1833, as equal to

247."'= 70 ; its log. 2.39392

22. In the case of the " Flat" needle, a subsidiary table has been calculated

of the times for Paris, corresponding to the epochs when observations were made

elsewhere, which appear amongst the details to be given in the sequel. On the

11th June 1833, the log. time of 100 vibrations at Paris was . . . 2.52159

If, for the period from June 1832 to May 1833, we deduct .006184 (by

Art. 18.) and for the month of May 1833, .00040 being the rate of

change for the current period (Art. 18.), we have a change for one

year, subtractive, 00724

Tp, or Time at Paris, June 11. 1832, . . . Log. 2.51435

Adding .001 per month, as proposed in / July 11, 2.51535

4 Art. 19., we shall have nearly these I Aug. 11, 2.51635

values (neglecting trifling quantities) ( Sept. 11, 2.51735

as approximations to the A^alue of I Oct. 11, 2.51835

Log. Tp I Nov. 11, 2.51935

Proceeding similarly with the mean (and very regular) ratios of change in

Art. 18, we shall find

1833, May 7, 2.52114

1835, May 4, 2.53100

Log. T^ <{ ... July 20, ..... 2.53203

... July 30, 2.53216

... Aug. 10, 2.53230

23. The various corrections now considered being fixed, the application of

them, and the deduction of the horizontal intensities related to Paris as unity,

becomes easy. I have employed printed forms for this purpose, arranged in

pages each containing 5 reductions after the following model, and bound up in

books.

b2
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MAGNETIC INTENSITY.—HoRizoNTAi, Needle, No. 1.

Place Geneva. Botanic Garden. Geneva. Botanic Garden.

Date, 1832, Nov. 10. 1832, Nov. 10.

Mean Time,

No. of Vibrations observed, .

llh-S-S"" Ilh42m

100 100

Arg. Log. Arg. Log.

Observed Time,

Rate Chronometer,

Arc, •{

24o!l4

«= 10° -»

w=zllO° 1

7°.0 R.

2.38046

9.99990

9.99967

9.99863

240.00

+ 21^

«= 10° 1

w=:110° i

7°.0 R.

2.38021

9.99990

9.99967

9.99863Temperature, . .

Corrected Time (T),

Time at Paris (Tp)

Tp

• 239'.! 4 2.37866

2.39392

239!o6

1.074

2.87841

2.39392

0.01626

2
0.01551

2T

( ^ j = Intensity, 1.073 0.03052 0.03102

ft
* a = Initial semi-arc of vibration; m = number of vibrations which reduce the semi-arc to —

§ 3. Observations on Magnetic Intensity.

24. It now remains to give the observations which have been made, and re-

duced in the way already detailed. These consist chiefly of two series. One was

made in the year 1832, intended to form part of a very general investigation in

physical geography, which I meant to pm'sue throughout a journey of several

years. Having been diverted from this by the opening of other prospects, the

series remains incomplete as a general investigation, but embraces a connected

examination of a great district of the higher and central Alps, calculated to elu-

cidate a question which I had particularly proposed to myself, as to the supposed

diminution of magnetism with height. It likewise includes some observations as

to the influence of extinct volcanos on the Rhine. The second series was made

in the P3rrenees in 1835, with almost an exclusive view to the influence of height,

and is confined to one small district. One other important point gained was a

very accurate determination of the comparative horizontal intensities at Edin-

burgh and Paris. The choice of the stations was regulated very much by the

views just mentioned : the particular spots of observation, together with the geo-

graphical position and elevation of the place, will be given in Table VII. I have

thought it better to record in the first place in separate Tables for the two needles,

the <ietails of the observations in the order in which they were made, the data
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for correction, and the corrected numbers. These are contained in Tables V. and

VL I have thought it needless to incur the labour and expense of printing the

individual numbers on which the mean results are founded. They are however

preserved in a condition adapted for immediate reference,*

Table V.

NEEDLE, No. I.

PiACE. Date.
Mean
Time.

No. of
Vibrations
Observed.

Observed
Time.

Rate
Chrono-
meter.

Arct Temp. Corrected
Time 100
Vibrations.

Intensity,
Paris =1.

a. m Reaum.

1832. h m 3 s s

Edinburgh, . . . June 2. 10 22 300 817.66 + 13 20 80 16.4 270.26 .840

Brassels,' . . . July 9. 10 29 300 766.67 + 17 20 70 1

20.5 262.97 .969

Brussels, . . . July 9. 10 63 300 766.87 + 17 20 90 ' 21.6 262.83 .960

Spa, Jul> 17. 5 53 100 252.27 + 23 10 90 17.35 250.09 .981

Spa, ...... July 17. 6 7 100 262.80 + 23 10 90
;

17.0 250.69 .977

Konigstuhl, near 1

Heidelberg, . J
July 28. 11 4 100 247.60 + 23 10 90 17.15 246.48 1.018

Konigstubl, . . . July 28. 11 17 100 247.64 + 23 10 90 16.75 245.46 1.018

Heidelberg, . . . July 28. 2 24 100 247-46 + 23 10 100 15.4 245.51 1.017

Bruhl, ..... Aug. 1. 10 65 100 251.64 + 28 10 100 17.6 249.28 .987

Bruhl, .... Aug. 1. 11 7 100 261.76 + 23 10 90 17.7 249.61 .986

Bruhl, .... Aug. 1. 11 17 100 251.76 + 23 10 90 17.56 249.51 .985

Laach, .... Aug. 4. 1 17 100 252.71 + 23 10 80 21.7 249.97 .982

Laach, .... Aug, 4. 1 33 100 262.21 + 28 10 80 21.0 249.62 .985

Mont Saleve, near \
Geneva^ . . /

Aug. 17. 1 43 100 240.61 + 20 10 110 17.0 288.51 1.078

Mont Saleve, . . Aug. 17. 1 63 100 240.79 + 20 10 110.? 17.1 288.71 1.077

Geneva, . , . . Aug. 20. 11 21 100 241.17 + 27 10 100 21.8 238.60 1.078

Geneva, .... Aug. 20. 11 39 100 241.17 + 27 10 90 21.9 238.60 1.078

Mont Breven, . . Aug, 22. 2 12 100 239.27 + 27 10 90 15.7 237.86 1.089

Chamouni, . . . Aug. 23. 12 39 100 240.06 + 27 10 110 18.4 287.82 1.085

Jardin, .... Aug. 2-5. 12 29 100 289.40 + 29 10 120 11.0 237.95 1.084

Chamouni, . . . Aug. 26. 1 25 100 239.70 + 27 10 110? 15.0 2.37.83 1.085

Col des Fours, . . Aug. 28. 9 28 100 238.19 + 27 10 110? 4.8 237.43 1.088

Aoste, .... Aug. 29. 4 8 100 238.71 + 27 10 130 16.7 236.64 1.096

St Bernard, . . . Aug. 80. 5 22 100 239.07 + 27 10 120 6.8 288.08 1.082

Martigny,^ . . . Sept. 1. 8 39 100 239.87 + 27 10 90 14.8 238.05 1.083

Interlaken, . . . Sept. 10. 4 49 100 241.41 + 14 90 90 14.3 239.66 1.068

Schmadribach, Val-^
ley of Lauter- V Sept. 12. 12 34 100 240.11 + 14 10 100 12.8 238.63 1.077

brunnen, . . J
Schmadribach,' . . Sept. 12. 12 44 100 239.71 + 14 10 110 11.6 238.25 1.081

Grlndelwald, . . Sept. 14. 9 69 100 240.80 + 14 10 90 14.35 239.08 1.074

Grindelwald, . . Sept. 14. 10 8 100 240.51 + 14 10 100 14.85 238.75 1.076

Meyringen, . . . Sept. 16. 6 9 100 240.70 + 14 10 120 12.45 239.12 1.073

Meyringen, . . . Sept. 16. 6 17 100 240.31 + 14 10 110 11.95 288.80 1.076

Grimsel, .... Sept. 17. 5 57 100 240.00 + 14 10 110 7.45 238.96 1.074

Munster* (Vallais) . Sept. 18. 5 26 100 239.96 + 14 10 110 12.6 288.40 1.080

Miinster, . . . Sept. 18. 5 43 100 240.04 + 14 10 100 10.4 238.72 1.077

Gemmi, summit. Sept. 21. 8 46 100 239.71 + 14 10 120 9.9 288.41 1.079

Gemmi, . . . Sept. 21. 8 54 100 239.83 + 14 10 12 ) 9.6 2.38.60 1.078

Friitigen (Kanderthal) Sept. 21. 5 2 100 240.66 + 14 10 110 J 2.46 239.00 1.074
Friitigen, . . . Sept. 21. 5 11 100 240.56 + 14 10 110 11,6 289.09 1.073

t a. indicates the initi >1 semi-arc of >'ibrations

;

m. the num ber of vibrations required t J reduce it to ha If its amouiIt.

* Rather windy. ^ Local dis turbance siispected. ^ Supe rior to the last. * Suspension not quite free.

* Many of the numerical calculations contained in the remainder of this paper, have been made

by two of my pupils Messrs Irvine and Edward, under my own inspection and revision.
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Table V.

—

{continued.)

NEEDLE, No . L

—

{continued.)

Place. Date.
Mean
Time.

No of
Variations
Observed.

Observed
Time.

Rate
Chrono-
meter.

.\rc
Temp. %°"^^
RpaiiVn Time 100Heaum.

vibrations.

Intensity
Paris =1.a.

j
m.

Gricdelwald;, . . .

1832.

Sept. 23.

h m
8 50 100 24o!l4 + 14 10 110 6!5 2.39.21 1.072

Faulhorn, . . • Sept. 24. 8 13 100 240.57 + 14 10 no 8.0 249.48 1.070
Faulhorn, . • • Sept. 24. 8 22 100 240.39 + 14 10 no 7.25 239..37 1.071
Engelberg, . . . Sept. 27. 5 22 100 241.18 + 14 10 no 11.8 2.39.70 1.068
Engelberg, . • • Sept. 27. 5 SO ]00 240.54 + 14 10 no 10.6 239.20 1.078
Surennes, .... Sept. 28. 10 49 100 240.81 + 14 10 120 12.8 239.20 1.072
Surennes, . . . Sept. 28. 10 59 100 240.99 + 14 10 no 12.8 289.40 1.071
Klus, near Altorf, . Sept. 28. 5 24.? 100 240.81 + 14 10 no 11.8 239.31 1.071
Klus, .... Sept. 28. 6 34 100 240.63 + 14 10 no 10.7 239.25 1.072
St Gothard, . . . Sept. 30. 8 35 100 240.47 + 14 10 100 7.1 239.50 1.070
St Gothard, . . . Sept. 80. 8 50 100 240.09 + 14 10 no 6.3 2.39.16 1.072
St Gothard, . . . Sept. 30. 8 58 100 2.39.64 + 14 10 no 6.1 238.76 1.076
Locarno, .... Oct. 2. 2 84 100 240.20 + 14 10 no 18.95 2.38.50 1.084
Ovta, Oct. 4. K 38 100 239.11 + 14 10 no 18.45 236.91 1.093
Orta, Oct. 4. 12 46 100 2.39.26 + 14 10 no 18.85 237.0 1.092
Bellaggio, . . . Oct. 8. 8 5 100 238.16 + 14 10 100 12.85 2.36.60 1.096
Bellaggio, . . . Oct. 8. 8 16 100 238.41 + 14 10 90 12.8 236.82 1.094
Reichenau,* . . Oct. 10. 8 32 100 240.43 + 14 10 no 11.85 2.38.93 1.075
Reichenau, . . Oct. 10. 3 41 100 240.07 + 14 10 100 11.25 2.38.65 1.077
Wallenstadt, . . Oct. 12. 9 89 100 241.01 + 14 10 no 12.05 289.41 1.070
Wallenstadt, . . Oct. 12. 9 49 100 241.17 + 14 10 no 12.4 2.39.62 1.068
Lucerne, .... Oct. 15. 10 11 100 240.83 + 14 10 120 8.6 2.39.66 1.068
Rigi Culm, . . . Oct. 16. 7 65 100 240.71 + 14 10 no 3.15' 240..36 1.062
Geneva Oct. 29. 12 9 100 240.81 + 21 10 100 10.96 288.97 1.075
Geneva, .... Nov. 10. 11 33 100 240.14 + 21 10 no 7.0 289.14 1.073
Geneva, .... Nov. 10.

1883.

11 42 100 240.00 + 21 10 no 7.0 289.06 1.074

Edinburgh, . . . May 7. 4 33 300 217.86 + 3 20 90 18.13 270.10 .841

Edinburgh, . . . May 7. 4 60 100 272.29 + 3 10 90 17.9 269.91 .842
Paris,^ June 11. 12 88 800 750.94 20 no 20.27 247.70 1.000

Paris,' June 11.

1835.

12 55 100 250.13 ... 10 120 20.2 247.67 1.000

Edinburgh, . . . May 4. 1 18 100 271.8 .*. 10 90 9.8 270.42 .839
Edinburgh, . . . Mav 4. 1 33 100 271.16 ... 10 90 9.2 270.40 .839

Paris, June 13. 3 41 100 249.96 — 40.5 10 100 20.4 247.62 1.001
Paris, June 13. 3 51 100 250.0 — 40.5 10 100 20.16 247.63 1.000
Pic de Bergons, nearl

Luz, Hautes Py- V July 18. 10 16 100 236.26 + 20 10 100? 14.76 284.50 1.116

re'nees," . . . j

Pic de Bergons,* July 18. 10 38 100 236.33 + 20 10 no 14.2 234.60 1.116

Pic de Bergons,* Jufv 18. 10 51 100 236.56 + 20 10 100 14.1 234.82 1.113

Luz,'' July 20. 11 9 100 285.84 + 20 10 100 17.65 233.74 1.123

Luz,'= July 20. 11 25 100 285.67 + 20 10 90 18.25 233.54 1.125

Luz,'' Jul'y 20. 11 34 100 236.08 + 20 10 80 18.7 238.86 1.122

Luz,' Julv 20. 11 45 100 235.14 -+ 20 10 80 19.05 232.94 1.181

Pic de Bergons, . . JulV 21

.

10 38 100 236.20 + 20 10 120? 15.25 234.34 1.117

Pic de Bergons, July 21. 10 47 100 236.57 + 20 10 100.? 15.0 234.74 1.113

Pic de Bergons, July 21. 10 59 100 2.36.17 + 20 10 110 15.1 234.84 1.117

Luz, July 28. 11 10 100 235.69 + 20 10 80 18.85 233.50 1.125

Luz, July 28. 11 23 100 235.80 + 20 10 100 18.9 233.60 1.124

Gavarnie, .... Jul> 29. 11 52 100 235.62 + 20 10 100 19.2 283.38 1.127

Gavarnie, . . . July 29. 12 4 100 235.60 + 20 10 100 19.0 233.88 1.126

Ste Marie, valley of\
Campan, . J

Aug. 7. 10 4 100 236.19 + 20 10 no 19.45 233.91 1.121

Ste Marie, . . . Aug. 7. 10 16 100 286.30 + 20 10 100 19.3 234.04 1.120
Pic du Midi, . . Aug. 8. 10 4 100 285.01 + 20 10 100 9.45 283.88 1.122
Pic du Midi, . . Aug. 8. 10 18 100 285.13 + 20 10 no 9.35 238.90 1.121

Pic du Midi, . . Aug. 8. 10 88 } 100 235.19 + 20 10 no 9.65 288.90 1.121

Breche de Roland,'* Aug. 11. 10 40 100 235.83 + 20 10 no 12.35 233.80 1.122

Breche de Roland," Aug. 11. 10 68 100 235.34 + 20 10 120 12.6 233.76 1.123

' Indifferent observation 2C iroQometer very near needle. 3 Chr onometet three feet from ueedle.

* These observations be ng not quite unexceptio aable, owin J to a sma 11 compass needle being accidentally retained in the

pocket, were repeated thre e days after. 5 Windy, bu t observation good. « Windy.
' The best observations at Luz. S A knife in the pocket. ' Unexceptionable.
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Table VI.

15

FLAT NEEDLE.

Place. Date.
Mean
Time.

No. of
Vibrations
Observed.

observed r^}^„
Arc* Temp.

Reaum.
Corrected
Time 100
Vibration.

Intensity

P*ris = I.Time.
meter. a. m.

1832. h m s s s

Edinburgh, . . . June 2. 11 39 300 1075.97 + 13 20 90 15.95 856.54 .839
Brussels, .... July 9. 12 55 800 1008.39 + 17 20 100 23.1 833.38 .965
Konigstuhl, near \

Heidelberg, . J
July 28. 11 17 100 327.84 + 23 10 110 15.1 326.06 1.012

Heidelberg, . . . July 28. 11 47 100 327.30 + 23 10 110 15.1 825.52 1.015
Bruhl, Aug. 1. 11 34 100 332.80 + 27 10 140 17.0 330.72 .984
Bruhl, ..... Aug. 1. 11 47 100 333.51 + 27 10 140 17.0 331.43 .980
Saleve Summit, . . Aug. 17. 2 14 100 319.10 + 20 10 120 17.4 317.14 1.073
Geneva, .... Aug. 20. 11 55 100 319.23 + 27 10 120 22.2 816.80 1-076
Mont Breven, . Aug. 22. 1 52 100 315.89 + 27 10 130 16.2 314.01 1.095
Chamouni, . . . Aug. 23. 12 56 100 318.83 + 27 10 130 18.6 316.71 1.077
Jardin, .... Aug. 25. 12 45 100 317.47 + 27 10 130 11.8 316.04 1.082
Chamouni, . . . Aug. 26. 1 48 100 318.11 + 27 10 140 15.3 317.01 1.075
Aoste, Aug. 29. 4 29 100 317.00 + 27 10 140 16.1 315.12 1.089
St Bernard,' . . . Aug. 31. 8 46 100 318.93 + 27 10 140? 9.1 317.69 1.072
St Bernard, . . . Aug. 81. 9 100 319.84 + 27 10 140 9.6 317.84 1.071
St Bernard, . . . Aug. 31. 10 13 100 318.77 + 27 10 140 11.3 317.88 1.070
Martigny,' . . . Sept. 1. 8 54 100 318.81 + 27 10 100 14.5 317.13 1.075
Martign_y, . . . Sept. 1. 9 7 100 318.84 + 27 10 100 14.6 317.14 1.075
Interlaken, . . Sept. 10. 5 4 100 321.20 + 14 JO 140 14.05 319.52 1.061
Interlaken, . . . Sept. 10. 5 16 100 320.93 + 14 10 150 14.05 319.18 1.063
Schmadribach, . . Sept. 12. 12 59 100 319.69 + 14 10 130? 11.06 318.32 1.069
Grindelwald, . . Sept. ] 4. 10 29 100 319.80 + 14 10 130 14.45 318.12 1.071
Grimsel, .... Sept. 18. 8 6 100 320.53 + 14 10 150 6.55 319.54 1.062
Grimsel, . . Sept. 18. 8 18 100 319.99 + 14 10 150 7.0 318.98 1.066
Grimsel Sept. 18. 8 29 100 820.27 + 14 10 150.? 7.4 319.25 1.064
Miinster, .... Sept. 18. 5 58 100 319.84 + 14 10 140 9.5 318.()0 I.O08
Gemmi Summit. Sept. 21. 9 12 100 319.79 + 14 10 140 9.65 318.54 1.069
Grindelwald, . . Sept. 23. 7 13 100 320.14 + 14 10 120 6.7 319.21 1.065
Grin delwajd, . . Sept. 23. 9 30 100 .320.46 + 14 10 140 8.2 319.33 1.064
Faulhorn, . . . Sept. 24. 8 43 100 820.69 + 14 10 150 7.5 319.61 1.062
Faulhorn, . . . Sept. 24. 8 54 100 821.03 + 14 10 140 7.0 820.02 10.60
Faulhorn, . . . Sept. 24. 9 6 100 321.09 + 14 10 140.? 6.8 320.11 1.059
Surennes, .... Sept. 28. 11 20 100 321.39 + 14 10 140 12.65 319.85 1.062
Klus, near Altorf, . Sept. 28. 5 49 100 321.13 + 14 10 130 9.85 319.86 1.061
St Gothard, . . . Sept. 30. 9 17 100 320.73 + 14 10 130 6.3 319.81 1.062
Locarno, .... Oct. 2. 2 52 100 319.50 + 14 10 150 18.55 317.39 1.079
Bellaggio, . . . Oct. 8. 8 38 100 317.51 + 14 10 130 18.4 815.93 1.090
Wallenstadt, . . Oct. 12. 10 7 100 321.64 + 14 10 130 13.05 320.03 1.063
Lucerne, .... Oct. 15. 10 26 100 321.94 + 14 10 140 9.0 320.74 1.058
Geneva, .... Nov. 10. 11 58 100 821.10 + 21 10 130 7.0 320.08 1.067
Geneva, .... Nov. 10.

1833.

12 10 100 321.16 + 21 10 130 7.0 820.14 1.066

Edinburgh, . . . May 7. 5 14 300 1094.00 + 8 20 120 17.65 362.20 .840
Edinburgh, . . . May 7. 5 36 100 864.34 + 3 10 120? 17.0 362.2 .840
Paris, June 11.

1835.

2 300 1005.17 20 150 20.8 332.34 1.000

Edinburgh, . . . May 4. 1 53 100 371.84 ... 10 80 9.0 870.65 .840
Edinburgh, . . . May 4. 2 7 100 371.39 ... 10 120 8.7 370.15 .842
Paris, June 13. 4 8 100 342.19 — 40.5 10 130.? 19.9 340.04 1.000
Paris, June 13. 4 22 100 342.00 — 40.5 10 ISO.? 19.8 840.10 1.000
Pic de Bergons,' July 18. 4 23 100 824.63 + 20 10 150 14.95 322.81 1.112
Pic de Bergor.s,* July 21. 11 17 100 324.81 + 20 10 120 15.0 328.04 1.111
Pic de Bergons,* July 21. 11 31 100 324.84 + 20 10 130 15.1 323.04 1.111
Luz, July 28. 11 44 100 823.40 + 20 10 130 19.0 321.23 1.124
Luz, July 28. 11 58 100 323.48 + 20 10 130? 19.0 321.31 1.123
Luz, July 28. 12 18 100 323.40 + 20 10 80 19.0 321.34 1.128
Gavamie, .... July 29. 12 32 100 823.43 + 20 10 140 19.0 321.26 1.124
Ste Marie, ^

. . . Aug. 7. 10 48 100 823.98 + 20 10 140 19.55 821.68 1.121
Ste Marie, ^ . . . Aug. 7. 11 7 100 324.09 + 20 10 140 19.85 821.82 1.120
Pic de Midi, . . . Aug. 8. 11 5 100 323.71 + 20 10 180^ 11.25 322.28 1.117
Pic de Midi, . . . Aug. 8. 11 22 100 324.03 + 20 10 150 10.4 322.64 1.115
Breche de Roland,' Aug. 11. 11 17 100 324.37 + 20 10 140 12.6 822.78 1.114

* a. indicates the initi al semi-arc of vibration
; m. the numbar of vibrations requ ired t reduce it to half its amou Qt.

' The dipping-needle a t first near thf instrumen t. ^ Local disturbance s jspected. 3 Small compass ir1 pocket.
* Unexceptionable. "^ Unsteady. 6 Goc d. ' Exti emel^ tremulous. Gusts of winei.
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Table VII.

Place. Particular Situation.
Latitude,

N.
Long,

from Paris.
Height,

Eng. feet

Observed Intensity; Paris = 1.000.

Needle, No. 1. Mean. Flat Needle. Mean.

Edinburgh, . .

Edinburgh,
Edinburgh, . .

Brussels, . . .

Spa,

Konigstuhl, near

Heidelberg,

Heidelberg, . .

Bruhl, ....
Laach,
Mont Saleve, near

Geneva, . . .

Geneva, . . . .

Geneva, . . . .

Mont Breven, . .

Chamounj, . .

Jardin, . . . .

Col des Fours,

{
Aoste, . . .

St Bernard, .

Martigny,
Interlaken,

Schmadribach,

Grindelwald,
Grindelwald,
Meyringen, .

Grimsel, . .

Miinster (Vallais), -I

Gemmi, ....
Friitigen (Kanderthal),

Faulhorn, . . .

Engelbcrg, . . -!

Surennes, ....
Klus (near Altorf),

St Gothard, . . .

Locarno, ....
Orta (on Lake Orta),

Bellaogio(Lake Como,)

Reichenau, . .

Wallenstadt,

Lucerne, . . .

Rigi-Culm,
Paris Observatory,
Paris Observatory,

Pic de Bergons, near
Luz, Hautes Pyre
nees, . .

Pic de Bergons,

>

;ar"i

'7

Greenhill, field, June 1832, ....
„„„_ garden. May 1833, . . .

field, S. of garden. May 1835,

Enclosure of Observatory, 20 yards from \
NW. corner of the building, . . J

South face of cla.y-slate hill, close to\
the town, on the NW. side, . . J

Summit of the hill,

Prof. Leonhard's garden, on a stone table.

In a quarry near the bank of the Rhine,

NW. side of the lake,

Summit of the Grand Saleve, . . ,

Botanic Garden, August 1832, . . ,

November 18.32, . .

Summit,
On the farther side of the Arve from

the village,

At the " Pierre d'Herschel," . . .

Close to the snow, in a cleft of rock.

In a summer-house (built entirely of

wood, and without nails) in the gar

den of the inn,

Between the Hospice and the lake,
1

Garden of the inn,

On the bank of the Aar
Near the upper cascade (at the head

)

of the valley of Lauterbrunnen), J

Behind the inn; 14th Sept. 1832, . .

At the lower glacier; 23d Sept. 1832,

Near the church,

Near the Hospice,

On the bank of the stream, just above 1

the town, /
Within shelter-house near the summit,
A little below the town,
Summit, to the W. of the house, . .

•1
At the side of the road before reachin

the town,
Summit of the Pass, ....
On a muir,

At the summit-level N. of the Hospice,
In thebed ofthe torrent below the Convent,
At the side of the road, above the town.
On the shore N. of the town, . . .

On the bank of the Upper Rhine, a little 1

above the junction of the streams, J
Near the lake ; S. end,

In a wood-yard on the E. side of the)
lake, near the bridge, . . . . j

To the N. of the inn,

M. Arago's Magnetic Cabinet, June 1833,

June 1886,

Summit, 18th July 1835,

21st July 1835,

55 67
65 57
55 57

50 51

49 25

49 26

60 25

46 6

46 12
46 12

45 56

45 55

45 55
45 45

45 44

46 52

46 6
46 42

46 31

46 88
46 38
46 44
46 34

46 30

46 25
46 36
46 40

46 49

46 49
46 49
46 34
46 10
45 47
46 00

46 49

47 7

47 03

47 03
48 50
48 50

42 50

42 60

5 33 W.
6 33
6 33

2 2E.

6 23

6 12

4 56

3 51

3 49
3 49

4 30

4 32

4 39
4 25

6 00

4 60

4 45
5 32

5 33

5 42
5 42
5 62
5 59

6 57

5 17
6 18
5 40

6 7

6 13

6 19

6 14
6 28
6 4
6 56

7 4

7 00

5 59

6 09
00
00

2 18 W.

2 18

300
300
300

300

1700

300

1000

4500

1300
1300 (

8400

3400

9000
8900

1900

8100

1600
1900

5200

3700
3400
2100
6200

4200

7500
2800
8900

3400

7700
1600
7100
700

1000.?

700

2000

1400

1500

5900
200
200

6900/

6900/

.840

.841 .842

.839 .839

.959 .960

.981 .977

1.018 1.018

1.017

.987

.985

.982

1.078

1.078

1.075

1.074

1.089

.986

.985

1.077

1.078

1.073

1.085 1.086

1.084

1.088

1.096

1.082

1.083

1.068

1.077 1.081

1.0761.074

1.072

1.073

1.074
1.076

1.080 1.077

1.079 1.078
1.074 1.073

1.070 1.071

1.068 1.073

1.072

1.071

1.070

1.084

1.093

1.096

1.071

1.072

1.072

1.092

1.094

1.075 1.077

1.070 1.068

1.068

1.062

1.000 1.000

1.001 1.000

1.116 1.115

1.113

1.117 1.113

1.117

}
.840

.839

.840 .840

.840 .842

.960 .966

.979,

1.018 1.012

1.017 1015

}

.986

.984

1.077

1.076

1.089

1.085
I

1.084 1.082

1.088

.984 .980

1.073

1.076

1.067 1.066

1-095

1.077 1.075

1.096

1.082

1.083

1.068

1.079

1.075

1.072

1.076

1.074

1.078

1.078

1.073

1.071

1.071

1.071

1.072

1.071

1.084

1.092

1.095

1.076

1.069

1.068

1.062

1.000

-1.115

1.089

1.072 1.071

1.070

1.075 1.075

1.061 1.063

1.069

1.071

1.065 1.064

1.062 1.066
1.064

1.068

1.069

1.062 1.060

1.059

1.062

1.061

1.062

1.079

1.090

1.063

1.058

1.0001
1.000 J

1.112

1.111 1.111

}
.840

.966

}

1.012

1.016

.982

1.073

1.071

1.095

1.076

1.082

1.089

- 1.071

1.076

1.062

1.069

1.071

1.064

1.064

1.068

1.069

1.060

1.062

1.061

1.062

1.079

1.090

1.063

1.058

1.000

1.111
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Table VII.

—

{continued).

Place. Particular Situation.
Latitude,

N.
Long,

from Paris.

Height,
Eng. feet.

Observed intensity; Paris = 1.600.

Needle, No. I. Mean. Flat Needle. Mean.

Luz, Hautes Pyrenees,

Luz, Hautes Pyre'nees,

Gavarnie, ....
Ste Marie, Valle'e de\
Campan, . . J

Pic duMidi de Bigorre,

Breche de Roland,

Field E. of the village, 20tli July, .

28th .

Near the road, to the N. of the inn.

In a field above the village, . . .

Summit,

W. side ; N. aspect of the Breche, .

42 51

42 61

42 43

42 69

42 65

42 41

2°20W

2 20

2 21

2 07

2 14

2 20

2400 {

2400

4500

2800

9600 (

9300

1.123 1.126

1.122 1.131

1.126 1.124

1.127 1.126

1.121 1.120

1.122 1.121

1.121

1.122 1.123

}
1.125

1.126

1.120

}'121

1.123

1.124 1.123

1.123

1.124

1.121 1.120

1.117 1.116

1.114?

1.123

1.124

1.120

1.116

^ 4. On the Direction of the Isodynamic Lines (for horizontal Intensity) in the

Central Alps, and in the Pyrenees, and on the Influence (^Height.

25. The next question comas to be how to deduce the general results con-

tained in the preceding tables. Where it is merely required to deduce the posi-

tion of Isodynamic Lines (which may be considered as sensibly straight for a dis-

trict of moderate extent), projection of the results upon paper would afford quite

a sufficient approximation, where the stations are sufficiently multiplied. Thus

the variations in latitude and longitude would be determined, and lines of inten-

sity 1.00, 1.01, 1.02, &c. might be drawn with great accuracy upon a geographi-

cal map.

26. But the same process will not suffice, if we have a third variable, such

as height, and require to extract its influence. The problem, then, is not to draw

lines, but planes of equal intensity. For its solution I resolved to use the method

of least squares,* which is peculiarly applicable to a question of the kind just

stated, and may be made to give, as will immediately be seen, the most probable

value of the four following quantities, viz. the variation of intensity for 1' of lati-

tude ; its variation for V of longitude ; its variation for 100 feet of elevation

;

its most probable absolute value at the origin of the co-ordinates, or the station to

which the others are referred.

27. I assumed that the intensity of any point whose co-ordinates of latitude,

longitude, and height, might be denoted with sufficient accuracy by an expression

of the form
ax-{-by-\-cz := I (1)

* It would be absurd to claim any merit For the application of a method so universally known.

But lest I should be supposed to have borrowed without acknowledgment the method of reduction em-

ployed by Professor Lloyd and Captain Sabine in their excellent Magnetic Survey of Ireland (Fifth

Report of the British Association), I desire to state, that I had some years ago proposed to myself the

present method of reduction as the only one adapted finally to solve (within the present limits of error)

the question of the influence of height, which so greatly complicates the problem.

VOL. XIV. PART I. C
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a, b, and c, indicating the position of the point by reference to the three co-ordi-

nates, whUst X, y, and z denote the coefficients of variation of intensity accord-

ing to each of these, and which are to be discovered. The above expression being

the equation to a plane, denotes that the isodynamic lines are not considered as

curved, but as straight, which though not absolutely accurate, may be admitted

in a country of small extent.

28. Eq. (1) gives the intensity I in terms of a, b, and c, the co-ordinates of the

place, a being reckoned in minutes of latitude, b in minutes of longitude, c in hun-

dreds offeet of elevation. It is convenient to assume some station as a point of

reference, and write for a, b, and c, the differences of the co-ordinates merely, and

for I the difference of intensities. Let a\ b', cf, and F represent these quantities

for the fundamental station, and then for any other the expression will be

(a — a')x-\-{b — b')7j + {c — c')zz^l— I'

and by a combination of all the equations of similar form which the observations

furnish, we are to deduce the most probable values of x, y, and z, the coefficients

of variation in each direction. If, farther, we wish to have the most probable

absolute value of the horizontal intensity at the fundamental station before men-

tioned, it must clearly be deduced from the whole mass of the observations, and

not from the observation made there alone. Let us suppose, then, that the inten-

sity at the fundamental station reqvdres a smaU coiTection, I T, we shaU write

r 4- S r instead of Y in the preceding expression, considering I V as another un-

known quantity, which will give us a series of equations (for the different points

of observation) of the fonn

{a — a') X + {b — b') ij + {c — c') z = I _ I' _ H' (2)

or using the letters with subscript numerals instead of a — a!, &c. and putting

all the unknowns on the left hand, we shall have a series of equations of condi-

tion of the form

«1 ^ + ^ y + C, 2 + M' = I^ .

&c.

from which the most probable values of x, y, z, and /F are to be deduced by the

method of least squares.

29. The observations contained in Table VII. include two groups of observa-

tions, to which we mean to apply the method in question. One of these includes

the alpine observations made in August, September, and October 1832 ; the other,

a short series in the Pyrenees, made almost entu-ely with reference to the effect

of height in 1835. The remaining observations must be considered for the pre-

sent as isolated. They are important, however, as fixing the relative horizontal

intensities at Paris, Edinburgh, Brussels, Heidelberg, and some points of less note.

The admirable coincidence of the Edinburgh observations made in different years

gives great confidence in the accuracy of the determination of .8402 for the hori-
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zontal intensity, that at Paris being = 1 ; both needles giving the same mean re-

sult to fom* decimal places. Professor Hansteen has given .8428, which must be

considered as a close coincidence.*

For Brussels I find by "No. 1," 0.960

by "Flat," ..... 0.965

Captain Sabine, 0.951

M. QuETELET (4 series), . . . . ,. 0.964

M. RUDBERG, 0.971

I subjoin a few comparisons of stations common to M. Quetelet's seriesf and

mine.
Quetelet.

Castle of Heidelberg, 1.020 \
Town of do. . 1.024/

Konigstuhl (summit), . . ... . . 1.027

Geneva, 1.080

Chamouni, ........ 1.093

St Bernard, 1.097

Martigny, . : . ... . . 1.092

Forbes, No. I.

1.017

1.018

1.076

1.085

1.082

1.083

30. But to return to the calculation of the first group of observations, those

including the alpine country of Switzerland, Savoy, and Italy. If we arrange the

observations relatively to Geneva as a fundamental station, taking the data firom

Table VII. and writing the equations of condition in the form (8) art. 28, where

«! denotes the excess of northern latitude of the given station above that of Ge-

neva in minutes ; h^ the excess of eastern longitude in minutes of a degree ; Cj

the excess in height, reckoned in hundreds of English feet in round numbers

(using of course negative signs to represent the reverse of aU this), we shall have

the following equations of condition, distinguishing from one another the absolute

numbers obtained by the two needles, in order that they may be separately calcu-

lated.

Table VIII.

Equations of Condition for the Alpine Series.

By No. I. By " Flat

Geneva (Aug. 1832), . O'x + O'y + Oz + H' = .002 .005

Geneva (Nov. 1832), . Ox + Oy + Oz + H' ^ — .002 — .005

Mont Saleve, — 6a? + 2.V + 82 z + JF — .001 .002

Mont Breven, . — 16 a? + 4:1 y + 71 z + H' = .013 .024

Chamouni, . —Vjx + A3y + 21 z + sr = .009 .0055.

* Since this paper was read, this result has been still more nearly confirmed by the observations

of Professor Bache of Philadelphia, who, by connecting Edinburgh and Dublin, and taking Professor

Lloyd and Captain Sabine's observations for the comparative intensities at Dublin and Paris, has ob-

tained the number .8400.

t See his two papers in the Memoires de VAcademic dc Bruxclles, tome iv. ; and an abstract in the

Annuaire dc V Observatoire de Bruxclles, 1834.

c2
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Table VIII.

—

{continued.)

Jardin,

Col des Fours,

Aoste,

St Bernard,

10. Martigny, .

Interlaken,

Schmadribach,

Grindelwald (1.)

Grindelwald (2.)

16. Meyringen,

Grimsel,

Miinster,

Gemmi,

Friitigen,

20. Faulhom,

Engelberg,

Surennes,

Klus (near Altorf);

St Gothard,

26. Locarno,

Orta,

Bellaggio, .

Reichenau,

Wallenstadt,

30. Lucerne,

Rigi-Culm,

"31. From these thirty-one equations of condition for Needle No. I, and

twenty-four for the Flat Needle, we obtain by the method of least squares the

following values of the four unknown quantities, the calculations having been

verified by independent methods.

a? =: Variation of intensity for 1' of latitude N.increasing,

y = Variation of intensity for 1' of longitude E increasing, .

^ z = Variation of intensity for 100 English feet ofheight,

SI' = Correction applicable to the registered intensity at Geneva,

32. To deduce from these numbers the lines of equal horizontal intensity, we
must remark that the minute of longitude is shorter than the minute of latitude

in the ratio of T^r to 10 nearly, on an average, in the Alps. The variation ofp for

a geographical mile or minute would therefore be

For No. l. = + .000076. For " Flat" = + 000146

And the angle made by the isod3Tiamical lines with the meridian towards the

east from north would be

Arc whose tang. := —^, and arc whose tang. = —-> = 78° 12' and 73° 52'
76 14d

No. I. By" Flat

11 X + 601/ + 11 z + i] ^ .007 .009

21 X + 36y + IQz + n ' := .012

2Qx + 712/ + Qz + n ' r= .020 .018

20 X + Qiy + 68 « + S] = j006 .000

Gx + 561/ + Zz + SI ' := .007 .004

QOx + 103 2/ + Gz + S) zzz —-.008 — .009

IQ X + 1042/ + 39 « + s] =: •003 — .002

26 a? + 113y + 24 2; + S][' = --.001 .000

2Qx + 113y + 21 z + S][' =. --.004 — .007

52 X + 1232/ + 1 z + I] z= —- .001

22 ,r + 130 2/ + 49* + S] ' := —-.002 — .007

18 a? + 128 2/ + 29 2: + S][' = .002 — .00»

13 a? + 882/ + 62 2; + S] ;' =1 .002 — .002

24 a? + 892/ + 10 2; + s [' =--.003

28 a? + 1112/ + 76 2; + s ;' z= _-.005 — .011

37 a? + 138 2/ + 21 2r + I [' = --.005

37 a? + 1442/ + 64 2; + i [' =1 --.006 — .009

37 a? + 150 2/ + 3« + s r := --.004 — .010

22 a? + 145 2/ + 682; + s [' =1 _-.005 — .009

2a? + 159 2/
— Qz + s [' = .008 .008

26 a? + 136 2/
— 3z + I] =: .016

12 a' + 1872/ — 62; + s [' =z .019 .019

37 a? + 195 2/ + 1z + s r = .000

56 X + 1912/ + z + s [' =1 --.007 — .008

61 a^ + 130 2/ + 2z + S] ;' = _-.008 — .013

61 a' + 1402/ + 462; + 2] ' =: _-.014

No. I. Flat.

— .000364 — .000606

+ .000065 — .000106

— .000033 — .000027

+ .0016 — .0040
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33. Of these results I conceive that the former is to be preferred. The dis-

crepancy of the results obtained by No. I and " Flat" are, I presume, attributable

to one or both of two causes,—a progressive change in the magnetic state of the

needle somewhat different from what has been allowed for,—and a slight error

in the correction for temperature, which, during the period of observation (the au-

tumn), was generally diminishing. Now both these points being best ascertained

for No. I, I prefer abiding by its indication. In fact, it appears by Table VII. that

the intensity of the Flat Needle decreased from August to November (by the Ge-

neva observations) faster than the mean rate of decrease aUowed; the conse-

quence of which would necessarily be, that the standard intensity at Geneva for

purposes of comparison would be assumed too high, and, as the general order of

the observations lay southward and eastward, the apparent increase of intensity

in those directions would be smaller than the true, which would give rise to an

error of the kind mentioned in Art. 31. The stability of No. I renders its indi-

cations the most certain. The agreement as to the effect of height is very satis-

factory, considering the minuteness of the quantity. The source of error just

aUuded to would scarcely affect this result. The most probable intensity for Ge-

neva wiU be 1.0776 for No. I,* and 1.0670 for the Flat Needle. The results are

projected in the Map, Plate I.

34. The observations in the F3Ten^es lie within smaller compass, and were

chiefly conducted with a view to deduce the influence of height. The sources of

local error arising from metalliferous deposits are, however, perhaps greater in

this case.

35. Proceeding exactly as before, taking Luz in the valley of Lavedan or

Bareges, Hautes Pyrenees, as our point of reference, we obtain the following equa-

tions of condition from Table VII., which may be arranged exactly as in Table VIII.

incorporating the results of hoth needles. In this case the longitudes being wes-

terly, the variation in longitude must be reckoned the opposite way fi*om that in

the former case.

Table IX.

Equations of Condition for the Pyrenean Series.

Luz(l.) Car + 0'2/ + Oar + n'= .000

Luz(2.) Qx { Oy { Ox + H' = — .001

SteMarie, Bw — \^y -|- 4 2; + H' = — .004

Pic du Midi, 4:00 — Qy + 12 z -\- 21'= — .005

Pic de Bergons (1.) . . • . . — x — 2y -\- ^ z -\- 21' = — .010

(2.) . . . . ,
— X — 2y + ^5z + n'= — .010

Gavamie, — Bx -\- y-)-21«-|-SI' = -|- .001

Breche de Roland, — lOar + Oy + 69 a? -f- SI' = — .UOi

• The intensity varies .01 for 27'5 of latitude.



22 PROFESSOR FORBES'S EXPERIMENTS ON

36. Combining these by the method of least squares, we obtain the following

\'alues :

—

a: = — .000210

?/ = + .000100

==— .000053

U' = — .0028

Hence it appears, that on the same parallel of latitude the intensity increases

in a westerly direction, which is the reverse of the result found for the course of

the isodynamic lines in the Alps ; but, in truth, I do not attach much importance

to these observations, unless for the sole consideration of height, on account of

the small area of country over which the observations were made. There were

probably in the Pyi-enees some sources of local disturbance which the observa-

tions on the Pic de Bergons particularly indicate, and which, having been repeated

with coincident resiilts, could not be owing to an en-or of obsen-ation.* At the

same time it is satisfactory to find that the influence due to height is the same in

direction, though greater in amount than that obtained in the alpine series. On

this subject I proceed to offer some remarks.

37. The first experiments which seem to have had even remotely in view the

question of the decrease of magnetic intensity with height are those of Saussure,

made during his memorable stay on the Col du Geant in 1788. The observations

were too rude, and difier too widely from each other to deserve much confidence

;

but those made at Chamouni and on the Col du Geant, which were fortunately

under ahnost the same temperature, agree very closely, but give a shghtly greatei'

intensity to the latter, which is the effect due to the latitude.! The gi-eat dimi-

nution of intensity in going from Geneva to Chamouni, observ^ed by Saussure, is

certainly erroneous, as the reverse has been shewn to take place.

38. In 1804 M. Gay Lussac performed his celebrated aerostatic ascent, and

from his magnectic observations concluded that no appreciable difference of inten-

sity existed at the surface of the earth and at the height of 23,000 feet. This,

however, can only be considered as referring to gi'eat and palpable change. The

difficulties inseparable from the experiment prevented many oscillations from being

observed, or great precision in the times from being attempted, whilst corrections

for arc, dim-nal variation, and temperature, were not applied. The last of these,

* Since this passage was written, on mentioning to Professor Necker of Geneva, the anomalous

result as to the direction of the isodynamic lines in the Pyrenees (anomalous, because differing from the

supposed direction inserted in Hansteen's maps, which is deduced from analogy, and not, I believe,

from direct observations in that country), he pointed out the curious (though perhaps accidental) coin-

cidence which this result offers to the views he has long entertained as to the general parallelism of the

lines of geological elevation, and those of magnetical intensity, which the bearing of the isodynamic

lines which I have given for the Alps remarkably confirms.

j- Saussure, Voyages aux Alpes, § 2103. Tom iv.
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however, could hardly fail to be sensible, the variation of temperature being no less

than 36° Cent., and as cold tends to increase the apparent intensity, if no such in-

crease was observed, it might plausibly be argued that the real intensity had di-

minished. It must, however, be observed, that the observations lasted only in

general from one to two minutes, and that in so short a period (and depending on

a single value of the elapsed time) the acceleration due to the above-mentioned

cause would hardly be perceptible. Taking the mean result of the effect of tem-

perature ascertained by myself for No. I. and " Flat" needles, we find the factor

— .00037 applicable to the time for a decrease of 1° R. of temperature, which

agrees exactly with Hansteen's mean correction. If we apply this to Gay Lus-

SAC's observation we find a correction of — .0108 as a factor applicable to the

time, for the effect of— 36° Cent, of temperature. Yet large as this is, amount-

ing to i^tli part of the whole, the discrepancies of observation often amounts to

double that quantity.* StiU we admit with M. Kupffer that the probability de-

ducible from M. Gay Lussac's observations, is in favour of a slow diminution.

39. The next series of observations includes those of Humboldt and Gay
Lussac, recorded in the Memoires d'Arcueil,-\ which include observations made in

the Alps, though at no great heights ; and here no particular influence of height

was observed, nor was indeed looked for. t

40. Since that period the subject seems to have met with Httle practical at-

tention, until the recent publication of M. Kupffer's " Voyage au Mont Elbrouz"

by the Petersburg Academy. From his observations with a needle by Gambey,

half a metre long, M. Kupffer attempts to deduce, not only the fact, but the

amount of the diminution with height, and this upon the authority of a single ex-

periment, and at no considerable elevation. § In fact, all the intricate corrections

which this delicate observation requires were little more than guessed at. The

difference of geographical position of the two stations (12' in lat. 38' in long.) was

allowed for by observations made with a different apparatus,—the effect of tempe-

rature was deduced from indirect experiments, far from presenting a mutual agree-

ment ; and the whole difference of level (4500 French feet) offered a very small

basis for so general a conclusion. But, besides this, there is an oversight in M.

Kupffer's deductions (first pointed out to me by Professor Necker of Geneva),

which tends yet farther to diminish the probability of his conclusions. The esti-

mate of the effect of geographical position on the magnetic intensity, M. Kupffer

conceives to be such, that the variation for 12' in lat. (diminishing from the lower

to the upper station) would exactly counterbalance the variation due to 38' in E.

* See the details of the Observations in the Annales de Chimie. An. xiii. (1805), Tom. lii. p. 75.

t Tom. i. p. L J Ibid. p. 10.

§ The observations were not made at the summit of Mont Elbrouz, as stated in the Annuaire du

Bureau des Longitudes, 1836, p. 288, but near the foot of it, and the difference of height of the stations

was less than 5000 English feet. The stations were " Pont de Malka," and " Hauteur de Kharbis."



24 PROFESSOR FORBES'S EXPERIMENTS ON

long, (also diminishing from the lower to the upper station) ; the one increasing

the duration of an oscillation as much as the other diminished it. Now it appears

from his own statement on the preceding page (Memoir, p. 87), as well as from

the known direction of the isodynamic lines, that these variations conspire with

one another, so as to render the anomaly attributed to height greater than before.

The upper station is S. W. of the lower, the direction of the isodynamic lines is

from N. W. to S. E., consequently the variation of position is such as would di-

minish the time of vibration of the needle, whilst in effect it was found to be in-

creased. From M. Kupffer's data, I find that the time ofone vibration of his great

needle by Gambey (24«.05 nearly) would be diminished about 0M04 for the

change of latitude and longitude, whilst it was observed to be increased by 0'.063.

The anomaly, then, instead of being 0'.063, as M. Kupffer states it (and which

he attributes to the effect of 4500 French feet of elevation), would be 0M67, or

nearly three times as great. M. Kupffer's laro of an increase of .000583 of the

whole time of vibration, for a rise of 1000 French feet, will therefore, when cor-

rected, amount to .00155, and the factor for the diminution of intensity to twice

as much, or .0031, which is just ten times as great as my observations indicate,

and is so considerable, that, were the conclusion just, it coidd not fail to be de-

tected by the most ordinary instruments at the most ordinary elevations.

41. But if the anomaly be admitted to exist in M. Kupffer's observations,

whence does it arise ? I have no difficulty in answering the question. I shall

not dwell upon the incomplete data from which the connections due to tempera-

tm'e, latitude, &c. are derived ; nor upon the entire incompetency of a single

observation which unknown causes (for instance, an iron mine, or the occur-

rence of an aurora borealis) may affect. I take M. Kupffer's own statement

in the geological section of his work, which pronounces the whole country

surrounding Mont Elbrouz to afford one continued evidence of ancient volcanic

eruption,* to abound in hot ferruginous springs,! to be so intersected by Tra-

chytes, | Lavas, § and Diorites,|| that there is distinct evidence of this tract being

nothing else than a crater of elevation, raised by the upheaving force of the tra-

chyte of Mont Elbrouz itself,^ which he states to be undistinguishable from the

rock of Pichincha, the great South American volcano.** Any one who has the

slightest acquaintance with the connection between magnetism and volcanic

rocks will be at no loss to explain anomalies even greater than those which M.

Kupffer has observed.

42. It was from a persuasion of the entire inconclusiveness of M. Kupffer's

results, as well as of all preceding ones, that I undertook the experiments already

detailed, in the hope of compensating for the imperfections of the apparatus by

the number and extent of the experiments. I own that until I came to calculate

* Voyage, p. 39. f ?• 39, p. 44, p. 55. % P. 44, p. 61, p. 65.

§ P. 60, p. m.
II
P. 63. f P. 65. ** P. 35.
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the results by the method of least squares, I had little confidence in having ob-

tained any positive result. A careful examination of the station marked on the

inap, will shew that they were almost invariably chosen so that an elevated sta-

tion lay between two others at a lower lead, by which the effect of change in lati-

tude and longitude might be eliminated. When we criticise these groups of three

series, we find for the most part an agreement greater than I had myself antici-

pated that the instrument could insure
;
yet the combination of all with two in-

dependent needles, and likewise in two series in different countries and different

years, unite in giving a negative coefficient to the height, which I believe to be

true and not accidental, though it could not safely be inferred from one or two

insulated observations. I should be disposed to deduce its probable value thus,

taking the circumstances of the observations into consideration :

—

Alps, Needle No. I,

Alps, Flat Needle,

Pyrenees, both,

Weight.

4

2

1

Probable

Coefficient of Varied Intensity

for 100 feet of Elevation.

.000033

.000027

.000053

mean, .000034

Hence to produce a variation of .001, an elevation of 3000 feet is necessary. At

the height to which Gay Lussac ascended, the change of intensity would be

nearly .008 of the whole ; but the variation in the time of an oscillation would be

only half as much.

43. The smallness of the variation fully explains the difficulty of ascertain-

ing its existence from a very limited number of observations. It is hoped that,

notwithstanding the imperfection of the instruments, the extent of the induction

will entitle the result to some confidence. By adding together the elevations of

the distinct stations contained in Table VII, it will be found that the aggregate

of the heights to which I have ascended amounts to above 160,000 feet, or more

than thirty vertical miles.

§ 5. On the Magnetic Dip.

44. Although the horizontal magnetic force be only a sort of mathematical

abstraction, and bears no direct relation to the earth's action until the effect of

dip is considered, we do not therefore think it improper to be made a separate

subject of inquiry. From the projected lines of equal horizontal intensity and of

equal dip, the lines of equal total intensity are deducible. The two elements may
therefore be made the subject of distinct inquiry ; and though these elements are

probably in a condition of continual change, yet, considering the present errors of

observation, any moderate lapse of time between the formation of these curves

Avill not be productive of serious anomalies. By deducing the total intensity

VOL. XIV. PART I. D
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curves from the two partial sets of curves, we also increase the probahility of ac-

curacy, since intensity is likely to be so much oftener observed than dip ; that the

hnes of equal horizontal intensity will be better determined than if those points

alone were used where the dip was also observed ; and thus the whole acquires

additional consistency.

45. The general relations of dip and horizontal intensity have been pointed

out in the excellent charts of Hansteen. Though it is very probable that moun-

tain chains may cause inflections in the general course of the curves, and local

attractions produce occasional anomalies, yet the general variation of one or other

quantity is always graduated ; and though an insulated observation may be spoiled

by an abrupt change in either element, the conclusion from a series of experiments

cannot be so affected.

46. I state this chiefly to meet two objections to conclusions ifrom experi-

ments of the kind I have detailed, which have at different times been urged.

The first is, that the influence of height (for example) upon the horizontal inten-

sity may not be due to a change in the total intensity, but only of the dip. To

this we would reply, that no reason can be assigned why the dip should more

naturally vary than the intensity ; and that it is contrary to all probability that

the variation in the latter should be wholly due to the indirect influence of the

former. We admit that the change may be due to both causes conjointly ; but

farther, if we adopt Humboldt's estimate (I quote from a reference which I have

been unable to verify), which assigTis a diminution of 2'.5 of dip for 1000 feet of

extent, we should have an apparent increase of horizontal intensity, if the total

intensity remained constant. The second objection to which I alluded, I believe

no one accustomed to treat such problems will apply to my observations after

due examination, namely, that though three stations be in one straight line and

equidistant, the elevated station being in the centre, we can draw no conclusion

as to the variation of the intensity by comparing the extreme observations with

the middle one, because the dip may have altered in the intei-val. We may indeed

have, by a strange accident, a solution of continuity which might produce this

effect in a single instance, but its capability of affecting a whole series of obser-

vations cannot for a moment be sustained.

47. Observations of dip I have not, however, neglected. My instrument was

a very small one (three inches diameter), constructed by Mr Robinson for the

late Captain Kater, and incapable of indicating such small variations as are re-

quired to fix with great accuracy the lines of equal dip. Nor can I hope that the

small number of observations which I have accumulated can throw any light

upon the influence of height on the dip. Still these observations may fix the

dip at several stations with considerable accuracy, and the collation of them shew

that tolerable precision may be attained even with an instrument of very small

dimensions. Had the observations been as much multiplied as those of intensity.
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the isoclinal lines would, even by this instrument, have been determined with

very considerable exactness. The following Table contains observations made

with only one needle (marked No. 11. ), the other (from having too thick an axis)

having been found to give much more anomalous results.

Table X.

Obsei'vations of Magnetic Dip with a Three Inch Circle.

Date. Station.
Marked End Remarks.

N. Pole. S. Pole. Mean.

1832.

April 23. Edinburgh. Greenbill \
House, . J

Edinburgh, ....
Edinburgh, ....

71.0'
o /

71.46
O /

71.23
j

Mean 71° 33'.2. But the two last

April 23.

May 23.

71.2G

71.31

71.42

71.46

71.34

71.38

/ observations are the best. These ob-
)"servations are the only ones made in
1 a noiicip

May 28. Edinburgh .... 71.29 71.45 71.87
1 <X UULloC*

July 11. Brussels Observatory, 1

(sameplace as intensity) f
68.55 69.1 68.58 / 68° 49' according to M. Quetelet,

(.May 1832.

July 17. Spa (same place as in-i

tensity, .... J
Heidelberg,

a. On the bank of the 'I

Neckar, two miles >
above the town, . J

b. Prof. Leonhard's \
garden, ... J

c. Terrace of the Castle,

68.20 68.24 68.22
\ Mean 66° 87'.1. I have changed

July 27.

66.23 66.46 66.34

the leadings at the first station from
67° to 66°, considering the former as

[ an undoubted error. This is confirm-

Aug. 7.
66.20 66.44 66.32

r ed by observations made at the same
three stations by Needle No. I., which

Aug. 7. 66.33 66.59 66.46
gave 66° 48', 66° 18', 66° 57'—Mean

/ 66° 41'.

Aug. 4. Laach ; S.E. side of Lake, 67.58 68.22 68.10 Good observation.

Aug. 5. Andernach; foot of thel
hill west of the town, J

67.33 67.45 67.39

{ Good. The difierence between this

-| and the last probably due to volcanic
( influence.

Aug. 18. Cologny, near Geneva,)
Prof. Necker's garden, J

64.45 65.10 64.67

r 65° 48.'5 in 1825 (Arago). The
Aug. 20. Geneva Observatory, 64.66 65.14 65.5 < dip diminished at Paris about 27' be-

(.tween 1825 and 1832.

Aug. 22. Mount Breven, summit. 64.38 65.11 64.54
Aug. 23. Chamouni (same place \

as intensity), . . J
64.45 65.16 65.0

Aug. 25. Jardin 64.45 65.7 64.58
Aug. 29. Aoste (same place as in- )

tensity, .... J
64.36 64.58 64.47

Aug. 81. St Bernard, near the Lake, 64.43 65.7 64.55

r Difficult observation. Local influ-
Sept. 3. Martigny, 64.35 64.43 64.39 ^ ence being suspected, the operation

(.was repeated at Bex.
Sept. 3. Bex ; in an orchard S.W. "|

of the town, . . . /
64.47 65.14 65.0 Very good observation.

Sept. 10. Interlaken; sideofthe Aar, 65.13 65.30 65.22
Sept. 22. • • • • • 65.10 65.39 65.25
Sept. 29. Hospital; St Gothard \

near the old castle, J
65.22 65.31 65.26 Indifferent observation.

Sept. 30. St Gothard Hospice 64.50 65.30 65.10
Oct. 2. Locarno (Lago Magiore) )

below the convent, J
64.48 65.13 65.0

Oct. 11. PfefFers ; near the Bath- \
house, .... J

64.55 65.23 65.9

1835.

June 13. Paris Observatory; M. )
Arago's cabinet, . J

67.8 67.26 67.17 67° 24' by M. Arago. July 1836.

Remark.—The dip at Edinburgh is undoubtedly affected by being made within a house. Some observations
roughly made at the time in the open air confirm this; and more recently, I have found the dip by the same
instrument to be 71° 44'.5 (2d February 1837) and 71° 50'.5 (best, 4th February)—although the dip has been
diminishing every year.
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48. A careful review of these Observations, compared to those of the usual

dipping needles, gives, I think, a favourable impression of the powers of a smaU

instrument. The observations were put in the form of equations of condition for

the alpine series, exactly as in the case of intensity ; x representing the variation

of dip in minutes for V of latitude N. increasing ; y the variation for 1' of longi-

tude E. increasing ; z the variation for 100 feet of height. Geneva is taken for

the standard of comparison as before ; I a' representing the correction of the dip

at that place.

Table XL

Equations of Condition for Dip.

Geneva, • O'x + O't, + Oz + S A' = 0'

Cologny, • • • Ox + 2y + 3z + S A' = — 8

Breven, . . . . — \Qx + 41y + llz + S A' = — 11

Chamouni, — \Tx + 43y + 21 z + J A' = — 6

Jardin, — llx + 50y + 77z + S A' = — 7

Aoste, . . . . — 26 or* + 7ly + Gz + S A' = — 18

St Bernard, — 20 a; + 6iy + 68z + S A' =: — 10

Martigny, , . . . — Qx + 5Gt/ + 3z + S A' =: — 26t

Bex, Qx + 52^ + ^ + S A' =: — 6

Interlaken, 30 a? + 103 y + 6z + SA'= 17

Interlaken, 30 X + 103 1/ + 6z + S A' = 20

Hospital, 24 a; + 135 y + 3Gz + 2 A' = 21

StGothard, 22 X -f- li5y + 58z + Sa' = 6

Locamo, . . . . — 2x + 159 y — 6z + 5 a' =— 6

Pfeffers, 47 X + 200 y + n z + SA' = 4

49. The method of least squares gives us from these equations the following

values of the unknown quantities :

—

a; = 0'.543 y- — 0'.028 z = 0^080(5 a' = — 3.'4.

As already stated, I consider these numbers (particularly z, which gives an

increase of dip of 1' for 1 250 feet of ascent) as considerably uncertain.

48. If the variation of p for V of longitude, be increased in the ratio of the

length of 1' oflatitude to V oflongitude (as in Art. 32), it will become :r — 0'.039,

and the direction of the isoclinal line to the East of North wUl be

Arc whose tang. —-^zz85° 53'

Hence the lines of equal dip would appear to approach nearer to the parallels of

latitude than the lines of equal horizontal intensity (Art. 32). The corrected dip

at Geneva would be 65° 1'.6, and the dip would increase 10' for an increase of

18'.4 of latitude.—See Plate I.

* The coefficient ought to have been 28.

j" This observation is certainly erroneous, and should have been discarded.

6
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49. The lines of equal dip and equal horizontal intensity being known, the

direction of the lines of equal total intensity may be deduced geometrically. I

am, however, too well aware of the great uncertainty which a small error in the

elements produces, to attempt to assign a result which might prove very erro-

neous indeed.

Postscript.

Since this paper was written, and the results made public, a .suggestion has

been made in a quarter entitled to attention, as to how far the apparent diminu-

tion with height may be due to the hour of the day at which observations at great

heights have usually been made. I have already stated, that I have attempted

no correction for the hour of the day, owing to the want of accurate data, but I

thought it worth while to inquire how far there was any general ground for such

an explanation of the observed difference. I accordingly divided my observations

into 18 series above 4000 feet, and 22 below that height. I found that the mean

hour at which the former were made was 11'' 12", the latter at 12'' 42". Ac-

cording to the best observations, the intensity would be somewhat less at the

former period than the latter, and would so far give a false indication of dimi-

nished intensity with height. But the variation for l*" 40" would undoubtedly be

trifling, compared even with the small variation which the preceding paper as-

signs for 5110 feet, which corresponds to the mean difference of height for the

two series, the mean height for the first being 7160 feet, and for the second 2050.
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11.

—

On Paracyanogen and the Paracyanic Acid. By James F. W. Johnston,

A. M., F. R. S. E., Professor of Chemistry and Mineralogy in the University

of Durham.

Read 4th April 1836.

INTRODUCTION.

The history of the newer sciences presents many instructive examples of the

progress of the human mind in developing the germs of natural knowledge, and

building on a single observation entire departments of science. Few pursuits in-

deed are more interesting, even to the student of immaterial nature, than in the

perusal of such a history to trace the footsteps of the several investigators, and to

mark how far, and by what means,—whether by new methods or by greater pa-

tience of research,—each successive observer advanced the inquiry. We see the hu-

man mind, as it were, set free from the trammels oftime, and developing its resources

on a large and continuous scale, not limited by the powers of one intellect, the length

of one life, or the means of one station. We see, at the same time, what varied

gifts and opportunities are necessary for the elucidation of a single subject ; how
these gifts, though not all imparted to one man or to one generation, are yet

wisely and beneficently bestowed on the entire species ; and how all are thus ena-

bled to co-operate, either in unfolding abstract truth, or in drawing forth those

practical results which directly conduce to the amelioration and comfort of all.

These reflections are particularly suggested by the history of that branch of

chemical science, to which the facts contained in the following paper are intended

to form a small addition.

Early in the last century, about 1710, a solution of potash which had been

employed by Dippel in the purification of his animal oil, and afterwards calcined,

was accidentally mixed with a solution of sulphate of u-on. A beautiful bhie pre-

cipitate was the result, and by the repetition of the experunent a pigment was

obtained, since known in commerce by the name of the Prussian blue. This sin-

gle observation gave rise to a multitude of researches. Woodward, Macquer,

MoRVEAU, Lavoisier, and Bergman, successively experimented on the blue sub-

stance with little success. Upwards of seventy years elapsed before any hght

was thrown upon its true nature ;—when in 1782 Scheele obtained from it the

hydrocyanic or prussic acid. Five years later, his results were verified and ex-



AND THE PARACYANIC ACID, 31

tended by Berthollet. In 1806, the characters and compounds of the new acid

were more fully detailed by Proust ; and in 1815, its composition rigorously de-

termined by Gay Lussac, in his admirable researches into the properties of cya-

nogen. StUl it was not till 1819 that the exact constitution of the original pig-

ment, Prussian blue, was established by Berzelius with any degree of certainty

;

and not till after the discovery of the red prussiates or ferro-cyanides by Leopold

Gmelin in 1822 that the last doubts were removed. Thus, from the time of its

accidental discovery, a period of 112 years intervened, before our knowledge be-

came so far extended that we could give a satisfactory reason for the various

steps necessary to its production.

Yet the many more or less unsuccessful labours which this long period saw

were not spent in vain. Almost every experimenter has recorded observations

fitted to be the germ of new researches, and so many branches have already shot

forth from the main trunk of investigation, as to render the department which in-

cludes cyanogen and its kindred compounds, by far the most complicated and dif-

ficult of the chemistry of the present day.

Among the more important memoirs to which we are indebted for the recent

development of this branch of the science, may be enumerated those of Porrett

on the ferro and sulpho cyanic acids ; of Leopold Gmelin on the suites of com-

pounds formed on replacing the iron of the ferro-cyanides by other metals ; of

WoHLER on the cyanic acid ; of Howard, Liebig, and Edmund T>ayy on the ful-

minic acid ; of Serullas on the cyanic acid, and many other interesting com-

pounds of cyanogen ; and of Mosander and others on the complicated combina-

tions which the double cyanides are capable of forming with each other. To these

must be added also the beautiful memoirs of Liebig and Wohler on the cyanic

and cyanuric acids ; of Liebig alone on mellon, and the curious compounds to

which, by the action of acids and alkalies, it gives rise ; and, most recently, of Leo-

pold Gmelin on the mellonic and hydro-mellonic acids, the investigation of which

still remains to a.considerable degree imperfect.

While, therefore, the history of this one department shews what lengthened

and laborious research the illustration of some branches of nature requires, it

shews, at the same time, how little the failures of even a succession of experi-

menters affects the ultimate advancement of knowledge,—how men may grope

on in darkness year after year, perhaps age after age, despairing of success,—and

yet may be all the while unconsciously laying the foundations and storing up the

materials of future buildings, till at length accident or genius guides some philo-

sopher into a new path, or puts into his hand a new instrument before which all

obstacles give way.
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I.

—

Preparation of Paracyanogen.

1. When pure dry bicyanide of mercury is heated in close vessels, it gives off

metallic mercury and a gas, which is wholly absorbed by solution of caustic pot-

ash. This gas is pure cyanogen. The pure dry salt gives off along with it no ap-

preciable quantity of any other gas.

2. In all cases, however, when the pure bicj'^anide is wholly decomposed,

there remains in the retort a greater or less quantity of a black matter resembling

charcoal, sometimes in the form of powder, light, porous, and void of lustre : at

others more dense and coherent, and when it has been in contact with the sides

of the retort exhibiting a shining metallic lustre.

3. Since pure bicyanide of mercury consists wholly of cyanogen and mercury,

and since, during the decomposition by heat, pure cyanogen and pure mercury

are alone given off, the black residue, when freed from metalUc mercury, can con-

tain only carbon and nitrogen, in the same proportion in which they enter into

the constitution of cyanogen. It must either be a new body having the same ele-

mentary constitution as cyanogen, or it must be a mixture of two or more sub-

stances which taken together have such a constitution.

4. This black substance did not escape the notice of Gay Lussac in his re-

searches upon cyanogen. He recognised in it the presence of nitrogen, as many
succeeding chemists have done, but he supposed the greater part to be carbon de-

rived from the decomposition of a portion of the cyanogen. This opinion is still

generally entertained.

5. Seven or eight years have now elapsed since, in a paper which I had the

honour of reading before this Society, and which was afterwards published in

Brewster's Edinburgh Journal of Science for 1829, p. 75, 1 endeavoured to shew that

this black matter was not a mere mixture of two or more substances, but was in

reality a new body, which, though differing so remarkably in physical and chemical

properties, yet contained the same elements as cyanogen, and combined together

in precisely the same proportion. Chemists, however, were not prepared at that

time for the reception of so extraordinary an opinion. The only case of isome-

rism then clearly made out, was that of the cyanic and fuhninic acids analyzed by

LiEBiG, and even over that case the researches of Edmund Davy stiU threw some

doubt. It was not surprising, therefore, that the result at which I had arrived

should be regarded with a suspicion, which the many striking examples of isome-

rism since discovered has not yet wholly removed.

6. Dr Thomson, in his System ofChemistry, has objected that I have not shewn

the absence of hydrogen in the black matter ; but, as the dry bicyanide contains

no hydrogen, it is obvious that none can be present in any residue it may leave.

LiEBiG having prepared and analyzed a portion of this substance, concluded that
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it was not a definite compound, and that the quantity of carbon was variable.

The presence of some impurity had probably interfered with the accuracy of his

results.

7. While on a visit to that eminent chemist at Giessen in the month of Oc-

tober 1835, he did me the favour to repeat his analysis in presence of Professor

PoGGENDORF and Dr Gregory, and with a result on this occasion perfectly ac-

cording with my own. Thus, burned with oxide of copper, and the gases sepa-

rated by caustic potash

—

99 vols, left 32.6 vols, of nitrogen.

92.9 — — 30.1 — —
293 — — 98 — —

Another portion burned with bichromate of potash, a method lately suggested by
LiEBiG, gave the gases in a like proportion. Thus

—

94.5 vols, left 33.5 nitrogen.

129 43 _
108 36 —
175 58.5 —

8. My attention being thus recalled to the subject, I have since my return

prepared this substance by a variety of processes ; and have found, that not only

has it, when pure, the same composition as cyanogen, but that, hke it, it also ex-

hibits with other substances many interesting reactions, and is capable of com-
bining with oxygen to form a new cyanic acid.

9. Pure bicyanide, prepared by saturating prussic acid with peroxide of mer-

cury, reduced to powder, carefully dried and decomposed in a retort gradually

heated to redness, left a light bulky powder, which, when burned with oxide of

copper, gave a gas, of which, treated with caustic potash,

102 vols, left 35 of nitrogen

86 — — 29 —
87.5 — — 29.5 —

This substance is remarkably difficult to burn. The quantity of nitrogen

present is so great that I have only once or twice succeeded in burning it with-

out the formation of a sensible quantity of nitric oxide.

10. When strong prussic acid is set aside, it speedily decomposes, and depo-

sits a black powder in considerable quantity. Dried in vacuo over sulphuric acid

or at 212° F., this substance stiU gives off, when heated in close vessels over a

lamp, water, carbonic, and hydrocyanic acids, and ammonia. The black matter

that remains, burned with bichromate of potash in large excess, gave a mixture

of carbonic acid and nitrogen in the proportion of 2 to 1. Thus,

97.5 vols, left 32 of nitrogen. 92.5 left 30

95 _ 31 _ 90.5 — 29.5

VOL. XIV. PART I. E



34 MR JOHNSTON ON PARACYANOGEN

-^^^f 11. When a solution of cyanogen gas in water is allowed to stand for a con-

siderable time, a similai* black matter is deposited in smaller quantity. A por-

tion of this substance, for which I was indebted to the kindness of Professor

WoHLER, after heating to redness, to free it from water, ammonia, &c., burned

with oxide of copper, and the gases made to pass over a large surface of red hot

metallic copper, gave still distinct traces of nitric oxide, and

263 vols, of the gas left 89 of nitrogen.

110 — — 36.5 —
96 — — 32 —
69.5 — — 22.5 —

12. A strong solution of caustic potash absorbs cyanogen gas very rapidly,

and when excess of the gas is present, speedily becomes coloured, forming a dark

reddish-brown solution, fi'om which a brown powder is precipitated on neutra-

lizing with an acid. Solution of caustic ammonia has a similar action, but I have

not yet prepared the matter in sufficient quantity by these processes to enable me
to analyze it.

13. Ether absorbs cyanogen slowly, but in considerable quantity. The so-

lution in close vessels remains colourless. Left in an atmosphere of the gas for

thirty-six hours, it had absorbed sixteen times its volume, and began to be slightly

coloured. After several days the absorption appeared to cease at twenty-eight

volumes, it was of a brown colour, and had deposited a portion of a brown sedi-

ment. If water be added to the colourless solution, a black film gradually forms

at the common surface of the two fluids.—^Liquid ammonia and caustic potash

cause a speedy deposition of the black matter.

14. Alcohol absorbs cyanogen rapidly, and in large quantity. When per-

fectly saturated and set aside, the smell of cyanogen disappears, a sweet pene-

trating ethereal odour takes its place, and the solution becomes coloured. It is

now capable of taking up a second and larger doze of the gas, the smell of which

again disappears, on standing for twenty-four hours—the ethereal odour, mean-

while, becoming stronger and the colour darker. The addition of gas may now

be repeated, and by alternate changing and setting aside, an English pint of com-

mon alcohol may, in the course of a week or ten days, be made to absorb the

whole of the gas given off by four or five pounds of bicyanide of mercury. By

this time, also, a large deposit wUl be formed at the bottom of the bottle, and the

entire alcohol will have become dark and thick hke treacle.

15. If this thick fluid be distilled, a colom-less product passes over, having

an ethereal odour, but from which water separates no ether, and which, on stand-

ing, gradually becomes dark coloured, and gives a further portion of the dark

brown or black sediment. After the lapse of some weeks or months, according

to circumstances, no farther evidence of decomposition shews itself, the deposi-
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tion of black matter ceases, and the thick treacly fluid separates into a black pow-

der, and a transparent and nearly colourless supernatant liquid.

16. It is unnecessary at present to inquire minutely into the nature of the

complicated changes which take place during the mutual reaction of cyanogen and

alcohol on each other. To this subject I shall have occasion to revert, in a future

memoir, when describing certain new substances produced, partially at least, by

this reaction, but of which the investigation is still incomplete. Ammonia and hy-

drocyanic acid are formed in considerable quantity, and probably more than one

ethereal substance. The greater number of these appear to be decomposed in

their turn, and the black powder is the ultimate and chief result. >:

17. When the thick alcoholic solution is thrown on the filter, and the sub-

stance dried without washing, it gives a mass, having a deep black colour and

shining fracture ; washed with hot water, it is of a brown, more or less dark, and

if boiled in repeated portions of water, as long as any thing is dissolved and dried

at 212° F. it is of a dark olive-brown colour. Heated over a lamp in a close tube,

it gives off, like the substance deposited in prussic acid, water, carbonic and hy-

drocyanic acids and ammonia, leaving a black residue, which, at a dull red heat,

gives off cyanogen, and slowly disappears.

The black residue burned with oxide of copper, gave a mixture of carbonic

and nitrogen gases, of which

88.5 vols, left 80 of nitrogen.

85.5 — 29 —
This is as near the ratio of N : Cg as can generally be expected.

18. When dry cyanate of silver is heated in a close tube, it is decomposed,

giving off nitrogen and carbonic acid in the proportion of 1 : 2 by volimie, and

there remains behind a black matter mixed with metallic silver. This black sub-

stance has the same composition as that left by bicyanide of mercury, and its for-

mation is accounted for by the following formula

—

2(NC20 + AgO) = NC2 + 2Ag + N + 2C02
19. Rectified wood-spirit (bihydrate of methylene) also absorbs cyanogen

rapidly and in large quantity. When it has absorbed upwards of thirty times its

volume of the gas, it begins to be coloured, and the absorption goes on tUl it be-

comes dark brown and opaque, and begins to deposit a dark brown powder. In

the course of an hour the quantity of gas taken up amounts to thirty or forty

volumes, after the lapse of two days it has increased to between fifty and sixty

volumes, and a portion of the deposit was observed. If the wood-spirit be not

saturated with the gas, it exhibits no change of colour for some days, but ulti-

mately assumes a reddish-brown colour, more or less dark, and gives a brown

deposit.

20. When the ferro-cyanides, Prussian blue and prussiate of potash, are de-



3g; MR JOHNSTON ON PARACYANOGEN

composed by heat in close vessels, a black residue remains, which is generally

supposed to be a carburet of iron. This, however, is not necessarily the case.

A portion of the best Prussian blue of the shops was gradually heated to red-

ness in a retort for half an hour, water, hydro-cyanate and carbonate of ammonia,

carbonic oxide and nitrogen, were given off. The black matter dissolved in sul-

phuric acid, with evolution of hydrogen gas, and the solution diluted with water,

gave a precipitate of Prussian blue. Burned with bichromate of potash, it gave

the carbon and nitrogen in the proportion of 2 to 1. Heated again to redness for

half an hour, the carbon was found to be to the nitrogen as 4 to 1, and this pro-

portion was not changed by a third heating for the same length of time.

It appears, therefore, that while water is present, the decomposition goes on

in such a way as to remove all the elements of each atom of cj^anogen as it is decom-

posed, without affecting the composition of what remains ; and that, when all the

water is drawn off, the affinity of the iron for carbon comes into play, and nitrogen

is given off while a carburet of iron is formed.

Dry prussiate of potash, heated to redness in close vessels, as in the prepa-

ration of cyanide of potassium, undergoes a similar decomposition. A portion of

the black matter remaining after the separation of the cyanide in this process,

gave me the carbon to the nitrogen as 8 to 1. I have not satisfied myself, hoAv-

ever, that the black matter thus formed contains paracyanogen at any stage of

the process.

11.

—

Properties of Paracyanogen.

1. It is of a black or dark brown colour, and occasionally has considerable

lustre. It has no taste or smell, is insoluble in water and alcohol, has a density

of about 2, and is a non-conductor of electricity.

2. Heated to redness in close vessels, it is slowly resolved into cyanogen.

In the air or in oxygen, at a red heat, it burns away without residue, forming

carbonic acid, and, according to the hygrometric state of the atmosphere, more or

less ammonia and hydrocyanic acid. Heated to redness in a close vessel, and

suddenly exposed to the air, it burns like tinder. Heated in a moist state in close

vessels, ammonia, and carbonic and hydrocyanic acids, are first given off, and af-

terwards cyanogen.

3. Fused with sulphur or phosphorus, or heated to redness in the vapours of

these substances, no apparent change takes place. With alkaline sulphurets con-

taining an excess of sulphur, an action takes place at a red heat, but without the

formation of any sulpho-cyanide. Heated to redness in an atmosphere of dry

chlorine or iodine vapour, a very slight action takes place. Chlorine, if moist,

disengages vapours which affect the eyes (chloride of cyanogen ?), and among other

products muriate of ammonia.
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4. Heated with potassium in close vessels, a violent combustion takes place,

and a compound is formed, which, when dissolved in water, gives with nitrate of

silver a white precipitate. Dried and heated to redness, this precipitate gives off

cyanogen and leaves metallic silver. The compound formed therefore is cyanide

of potassium.

5. Prepared by heating bicyanide of mercury, it is exceedingly little soluble

in a solution of caustic alkali, and is very slowly decomposed when boiled with

it. During the boiling ammonia is evolved, and oxalic acid should remain in the

solution for NCj + 3H0 = NH3 + Co O3. Prepared by heating to redness the

deposit from cyanogen in alcohol, it is slightly soluble in a boiling solution of

caustic potash, giving it a dark brown colour. Acids precipitate it apparently un-

changed.

6. Fused with dry hydrate of potash, ammonia is evolved. Intimately mixed

with caustic or carbonate of potash, and heated to incipient redness in the open

air for some time, a salt is formed, possessing the properties of cyanate of potash.

With nitrate of silver it gives a white flocky precipitate. With nitric acid, violent

effervescence from the evolution of carbonic acid, while the filtered solution, eva-

porated to dryness, gives a mixture of nitrates of potash and ammonia.

7. Concentrated muriatic acid acts upon it very slightly, becoming pale yel-

low.

III.

—

A ction of Sulphuric A cid on Paracyanogen.

Concentrated sulphuric acid (SO3 + HO), dropped upon paracyanogen in the

state of fine powder and gently heated, is absorbed by it, forming a dry mass. A
larger quantity of acid, aided by heat, dissolves the paracyanogen without any

sensible evolution of gas. The solution is of a deep brownish red colour, more or

less thick. Water decomposes it, throwing down the paracyanogen apparently

unchanged. It is difficult, by washing, to free the precipitate entirely from sul-

phuric acid. A portion of it boiled in water, dried and burned with oxide of cop-

per, gave a gas of which 61.6 vols, left 20, and 82.5 left 26.5, so that the ratio of

the carbon to the nitrogen is not sensibly altered.

If the temperature be raised too high during solution, or if the solution be

heated to 400° or 500° F., the sulphuric acid and paracyanogen are mutually de-

composed, sulphurous and carbonic acids are given off, and sulphate of ammonia

is sublimed. The gases are evolved in the proportion nearly of one volume sul-

phurous to two of carbonic acid. This agrees with the formula,

NC2 + 2S0 + 3H0 = NH3 + SO3 + 2CO2 + SO2.

During this decomposition, a portion of the paracyanogen becomes oxidised, para-

cyanic acid being formed, hence the volume of sulphurous acid obtained is gene-
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rally in slight excess. That paracyanic acid is formed is proved by precipitating

the brown solution with water, filtering the acid liquid, and adding a solution of

nitrate of mercury, when a yellow precipitate falls more or less copiously of para-

cyanate of mercury.

If the solution in sulphuric acid be boiled for a suflBcient length of time, it be-

comes colourless, and water gives no longer any precipitate ; the paracyanogen,

therefore, is wholly decomposed.

The black residue obtained by decomposing the bicyanide can rarely be freed

entirely from the minute globules of mercm-y which adhere to it. If mercury be

present in sufficient quantity when the paracyanogen is treated with sulphuric

acid, the entire solution on cooling congeals into a mass of minute transparent

crystalline needles of a brown colour, which are possibly a compound of the sul-

phates of oxide of mercury and of paracyanogen. They are decomposed by water,

and have hitherto baffled my attempts to obtain them free from the great excess

of concentrated sulphuric acid.

The action of this acid on paracyanogen seems to indicate, that the black

substance is possessed of basic properties, and that it may be in some measure

analogous to the carbo-hydrogens.

IV.

—

Action of Nitric Acid on Paracyanogen—Paracyanic Acid.

1. Paracyanogen, after heating to redness, as it is obtained from bicyanide

of mercury, is very shghtly acted upon by nitric acid. Boiled in this acid, a small

portion is dissolved, and if the boihng be long continued, the insoluble matter gra-

dually assumes a lighter colour, and ultimately becomes of an orange yeUow.

The acid solution, diluted largely with water, becomes turbid, and deposits a yel-

low precipitate in smaU quantity.

2. When the black deposit formed in an alcoholic solution of cyanogen, in

strong prussic acid, he. is treated with nitric acid in the cold, it dissolves slowly

without any sensible evolution of gas, giving a dark reddish brown solution, from

which water again precipitates it apparently unchanged. If, however, heat be ap-

plied to the solution, if a current of sxilphuretted hydrogen be passed through it, or

more rapidly and certainly, if the black matter be gradually added to the hot acid,

as each successive portion dissolves, and the dark colour caused by it disappears,

copious red fumes are evolved, and a transparent reddish yeUow solution is ob-

tained. From this solution water precipitates a bulky bright yellow powder, a

further portion falls on saturation with an alkali, and a third, though much smaller

quantity, by evaporating to dryness the supernatant yeUow solution and washing

the residue.

3. If the dark brown solution of paracyanogen in sulphuric acid be heated,

and nitric acid gradually added, red fumes are evolved, and a yellow precipitate
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gradually falls. If a sufficient quantity of nitric acid have been added to oxidize

the whole, or if the solution be added to hot nitric acid slowly, and as the colour

disappears, water, as in the former case, throws down a copious yellow precipi-

4. When a solution of cyanogen in diluted alcohol, after becoming dark co-

loured, is acted upon by a current of chlorine gas, among other compounds formed

is a portion of a yellow substance having the appearance and properties of that

obtained by means of nitric acid.

5. The yellow matter obtained by these different processes, well washed and

dried at 212° F., is without taste or smell, insoluble in water and alcohol, spa-

ringly soluble in cold, more largely and with slight decomposition in hot nitric

and sulphuric acids, and soluble to a certain extent in caustic alkalies.

Heated above 212°, it gradually becomes darker in colour ; about 400° F. it

begins to blacken and evolve ammonia ; over the lamp, in a close tube, it gives off

ammonia, hydrocyanic acid, and water, and a mixture of carbonic and nitrogen

gases, in the proportion of two vols, of the former to one of the latter. It, there-

fore, contains water,—either hygrometric or in combination,—and oxygen. A re-

sidual black matter remains, which is paracyanogen, and which, by further heat-

ing, gives cyanogen gas.

6. Burned with bichromate of potash, it gave a mixture of carbonic acid and

nitrogen gases, of which

76.75 left 26.5 of nitrogen, 100.5 left 33.1

83.5 — 28.4 — 189—03
103 — 34.5

The ratio of the carbon to the nitrogen is therefore 2:1, as in cyanogen, and

since it contains oxygen and combines with bases, I have given it the name of

the paracyanic acid.

Like paracyanogen, it is exceedingly difficult to burn, either with oxide of

copper or with bicyanide of mercury, without the formation of binoxide of nitro-

gen, but the presence of this gas in the above experiments does not produce any

serious error, as the nitrogen in combining with the oxygen undergoes no change

of volume, and the caustic potash employed to remove the carbonic acid absorbs

very little of the binoxide, until it has been a considerable time in contact with

the gaseous mixture.

7. The small quantities I have yet obtained of this acid, have prevented me
from submitting it in the uncombined state to a sufficient number of analyses, to

establish its composition beyond dispute. 4.22 grs. dried carefully at 212° Fahr.,

and burned with Bichromate of Potash, gave

Carbonic acid, 1.3466=31.91 percent.

Water 1.13 = 26.777 per cent.
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As this mode of analysis gives the water with great accuracy, we may de-

duct 1.13 from 4.22, and we have 3.09 of dry acid, containing 1.3466 of carbon

= 43.481 per cent. And as the C : N : : 2 : 1, we have for tlie constitution of the

dry acid,

Calculation. Experiment

Cs = 611.496 = 43.074 = 43.481

N4 = 708.144 = 49.882 = 50.035

0, = 100.000 = 7.044 = 6.484

Atom. = 1419.640 100 100

The quantity of carbon obtained is a little too high, which may be attributed

to the absorption by the caustic potash of a small quantity of binoxide, which

was recognised by the smell during the process. This excess of carbon neces-

sarily causes an excess also in the nitrogen calculated from it, and a correspond-

ing deficiency in the per-centage of oxygen.

If the water in the acid be 5 atoms, we have

Theory. Experiment.

Carbon, . . . . = 30.85 = 31.91

Nitrogen and oxygen, = 40.78 = 41.303

Water, = 28.37 = 26.777

100 100

As the acid, however, was dried only at 212° Fahr., I do not place much con-

fidence in the fiumber of atoms of water. It should probably retain, when fully

dry, at this temperature, only four atoms of water, as the salt of silver appears

to do, in which case the formula for the hydrated acid would be Cg N4 4- 4 HO.

8. Being insoluble in water, or nearly so, this acid does not afiect litmus.

In hot concentrated solutions of the caustic alkalies, it dissolves with partial de-

composition and evolution of ammonia ; in weaker solutions it is very sparingly

soluble, and very little also is taken up by solution of caustic ammonia. It has

a powerful afiinity, however, for certain metallic oxides, especially for those of

mercury and silver, with both of which it forms compounds very slightly acted

upon by water, and with difficulty decomposable even by the mineral acids.

This acid, indeed, is remarkably distinguished from the cyanic (Cy 0), and

fulminic NCjO acids by its great stability. It is decomposed very slowly by hot

concentrated nitric and sulphuric acids, protracted boiling being necessary to pro-

duce complete decomposition. Its affinity for the oxide of mercury is so great,

that a weak solution of nitrate of mercury throws down the paracyanate from a

solution of the yellow acid in the nitric or sulphuric acid.
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V.

—

Properties of the Paracyanates.

1. In powder they are all of a pale yellow or orange yellow colour, the salt

of oxide of silver crystallizes in bright red crystals.

2. The salts of the metallic oxides are insoluble or sparingly so in water. They

dissolve readily when heated in concentrated acids, and are in great part preci-

pitated without apparent change by cooling, or by copious dilution with water.

Acidulated solutions dissolve them more sparingly, and, in all cases, they dissolve

more largely in hot than in cold solutions.

3. The alkaline salts are soluble in water, and the acid is precipitated in yel-

low flocks on the addition of a stronger acid. The metallic salts, if decomposed, are

so with difficulty, and only by protracted boiling in solutions of the hydrates and

carbonates of the fixed alkalies, or in liquid ammonia. They are partially soluble

in such menstrua, giving yellow solutions from which they are in great measure

deposited on cooling. By such action the salt of mercury becomes of a dark

grey or chocolate colour.

4. Heated in close vessels they give off carbonic acid and nitrogen gases,

leaving a black mass, which, at a full red heat, is generally resolved more or less

completely into cyanogen gas. If the salt is moist, instead of carbonic acid and

nitrogen, it gives carbonate of ammonia,

5. Heated in the air they become brown between 800° and 400° Fahr.

Above that temperature they blacken and give off white fumes of carbonate of

ammonia, which are more or less dense according to the hygrometric state of the

atmosphere. At a duU red heat they burn like tinder, leaving only the metal,

or if easily oxidizable its oxide.

VI.

—

Paracyanate of Mercury.

1. The paracyanic acid, as already stated, has a strong affinity for the oxides

of mercm-y. A solution of nitrate of protoxide of mercury, though largely di-

luted, causes an immediate precipitate in solutions of the paracyanic acid, or of

any of its soluble salts. It forms, in fact, an excellent test for this acid, where

there is reason to suspect its presence.

2. The precipitate is of a pale, rarely of a bright yellow colour, and nearly

insoluble in water. When thrown down from solutions of the acid in strong

nitric or sulphuric acids, the yellow colour is generally more decided.

3. There appear to be several paracyanates of the oxides of mercury, not to

be distinguished by their external characters, yet differing in composition as the

basic and neutral salts of these oxides with the nitric acid do. Hence it requires

great precautions and the use of carefully prepared nitrates, to insure precipitates

of uniform composition.

VOL. XIV. PART I. F
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4. These paracyanates are soluble in hot dilute nitric acid, from which they

are again partially separated on cooling, or on the addition of water. By pro-

longed boiling in the acid, not only the salt, but the paracyanic acid itself, is in a

great measure decomposed.

5. Concentrated sulphuric acid dissolves them slowly in the cold, giving a pale

yellow solution ; when heated, they, dissolve more rapidly, in larger quantity, and

with evolution of carbonic and sulphurous acids and nitrogen. On cooling, crys-

tals are deposited, which are a mixture of bisulphate and paracyanate. From the

liquid portion water separates a brownish precipitate, and the diluted superna-

tant liquid gives a white with a nitrate of mercury. Sulphm-ic acid, therefore,

partly decomposes the salt, and retains the acid in solution, which it resolves into

cai'bonic acid, nitrogen, and perhaps ammonia, when raised to the boiling tempe-

rature.

6. Muriatic acid dissolves them by the aid of heat, but if diluted with water a

portion is again thrown down.

7. Solutions of caustic potash or ammonia immediately blacken the protox-

ide salts, especially if newly precipitated, forming a yellow solution, and leaving

protoxide of mercury. Neutralized or rendered acid by nitric acid, the solution

again gives a copious precipitate with nitrate of mercury.

8. The newly precipitated salt suspended in water is also rendered dark grey

by binoxide of nitrogen and sulphurous acid. The latter forms a yellow solution

containing a little mercury, and a considerable quantity of the paracyanic acid,

which, when the excess of sulphurous acid is driven off by heat, again falls as a

yellow paracyanate on the addition of a salt of protoxide of mercmy.

9. Diffused through water, the salts of mercury are blackened by hydrosul-

phuret of ammonia, or by hydrosulphuric acid, without, however, being wholly

decomposed, the black sulphuret, when sublimed, still leaving a residue of para-

cyanogen. Even when the salt is dissolved in muriatic, and precipitated by ex-

cess of hydrosulphuric acid, the sulphuret of mercury is apt to carry down with

it a portion of the paracyanic acid, so powerfully do these compounds resist the

decomposing action even of the mineral acids.

10. A current of chlorine gas causes a very interesting reaction when passed

through water, holding the salt in suspension. It decomposes both the salt and

the acid, causing the evolution of carbonic acid, and forming bichloride of mer-

cury, sal ammoniac, and carbonate of ammonia, which remain in solution. The

action in this case is represented by the following formula :

—

(C8N,0 + Hg 0) + 4 CI + 14 HO = HgCla -f- 2 (NH^ CI) + 2 (NH3 -I- CO^) + 6C0,

11. When a solution of iodide of potassium is digested on a protoxide salt,

the latter becomes dark green, grey, and finally black, from the separation of me-
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tallic mercury. The solution is yellow or orange coloured, and contains biniodide of

mercury, and probably paracyanate of potash. Such a reaction is thus explained.

2 (CN^O + HgO) + SKI = (Hgl, + KI) + Hg + 2 (CsN.O + KO)

and it is probable that the haloid salts in general would act in a similar manner.

11. Heated to 230° F., these paracyanates are decomposed, and, from the

sudden evolution of gas, appear to decrepitate. Mercury is sublimed, and carbo-

nic acid, nitrogen, and cyanogen gases may be collected. 67.6 vols, of the mixture

collected over mercury gave

7.1 vols, oi cyanogen absorbed by alcohol,

83.5 — carbonic acid — — caustic potash,

17.0 — nitrogen, remaining.

57.6

A black residue remains behind, which, by further heating, gives cyanogen

only.

12. Burned with bichromate of potash, it gives also carbonic acid and nitro-

gen gases in the proportion of two to one.

Thus 97.5 vols, left 32.5 of nitrogen, and 95 vols, left 81.5. A portion of a

beautifully yellow (HgO + C8N4O) gave a gas, of which 88.5 left 80 vols.

13. It was not till I came to subject this salt to analysis that I was made

fuUy aware of the necessity of attending minutely to the circumstances under

which it was prepared, and to the nature of the mercurial solutions employed.

I have analyzed only two portions. The first precipitated from a neutral solution

of the acid, dried at 212° F., and burned with bichromate of potash, gave from

24.08 gi's. 7.74 grs. of carbonic acid, and 1.82 of water = 5.48 per cent. This

gives for the composition of the anhydrous salt

C = 9.402 N = 10.888 = 1.529 HgO = 78.181

16.57 grs. of the same salt dissolved in muriatic acid, and precipitated by

hydro-sulphuric acid, gave 13.83 grs. of bi-sulphuret = 11.988 of metallic mer-

cury, or 72.016 per cent. This gives for the anhydrous salt 79.200 of protoxide

of mercury. This, therefore, was a basic salt, and its constitution

Calculation,

Experiment.

00 (2.)

Cs = 611.496 = 9.150 . . . 9.402 . .

N4 = 708.144 = 10.599 . . 10.888 . .

0, = 100.000 = 1.499 . . 1.529 . .

2HgO = 5268.288 = 78.752 . . 78.181 . . 79.200

6682.928 100 100

The water amounts only to about 1.7 atoms.
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14. The second portion analyzed was thrown down from an acid solution.

10.88 grs. burned with bi-chromate of potash, and the gases made to pass over

red hot copper, gave 4.62 of carbonic acid and 1.09 grs. of water.

10.87 grs. dissolved and boiled in aqua regia, and precipitated as before, gave

7.56 grs. of bi-sulphuret of mercury = 60.003 per cent, of metallic mercury.

These give for the constitution of the anhydrous salt,

(1-) (2.)

Carbon, .... =13.094

Nitrogen, . . . = 15.163

Oxygen, . . . . = 2.141

Protoxide of Mercury, = 69.602 . . 69.3738

Boiled in diluted nitric acid, and dried in vacuo, the salt gave me 61.13 per

cent, of mercury : it had therefore undergone little change.

A neutral compound (C8N4O + HgO) would contain 15.088 of carbon and

64.958 of protoxide of mercury per cent.

The difference, amounting to 2 per cent, in the quantity of carbon obtained

by analysis, may be accounted for by supposing it to contain a portion of the

basic salt

VII. Paracyanate of Silver.

1. When metallic silver is introduced into a solution of paracyanic in ni-

tric acid, a yeUowish-brown powder falls down as the silver dissolves. A simi-

lar precipitate is obtained by dissolving solid nitrate or carbonate of silver in such

a solution ; and the more neutral the solution is rendered, the more completely

is the paracyanate thrown down. If allowed to stand in this acid solution, the

precipitate sometimes forms minute prismatic or acicular crystals of a deep red

colour, grouped into small radiated globules. The supernatant liquid still retains

much of the salt in solution, a large portion of which is thrown down as a beau-

tiful bulky yeUow powder, on the addition of water. After it ceases to be

troubled by further dilution, the nitrate of protoxide of mercury throws down a

copious precipitate of paracyanate of mercury, shewing how much less soluble it

is than the salt of silver.

2. The paracyanate of silver is precipitated by caustic ammonia from its so-

lutions in acids ; but the precipitate does not dissolve in an excess of the alkali.

Even when boiled in it, no sensible change is produced. The solution, indeed,

acquires a yellow colour, but contains no silver.

3. It undergoes no sensible alteration in the sun's rays.

4. It is soluble in hot dilute nitric acid, from which it partly separates again

on cooling.

5. In the air, it may be heated to 300° F., without much change of colour.
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At incipient redness, it blackens, and at a red heat bums like tinder, leaving me-

tallic silver.

6. When heated in close vessels, it gives off water, carbonate of ammonia,

carbonic acid, and nitrogen, and leaves a black residue, which, at a red heat, yields

cyanogen. The carbonic acid and nitrogen are in the ratio of 2 to 1, as they are

also when the salt is burned with oxide of copper or bi-chromate of potash.

7. a. 3.83 grs. dried at 212° F. in LiEBiG'stube, left of metallic silver 1.34 =
40.24 per cent.

h. 7.16 grs. burned with bi-chromate of potash gave 0.96 grs. of water =
13.40 per cent.

c. 9.08 grs. burned with oxide of copper gave 6.49 grs. of carbonic acid =
1.7945 of carbon, or 19.702 per cent.

These give for the constitution of the salt.

Calculation. Experiment.

8C . = 611.496 = 18.412 . . . 19.702 c

4N . _ 708.144 = 21.322

. = 100.000 = 3.017

Ago = 1451.607 = 43.705 . . . 43.217 a

4H0 = 449.918 = 13.544 . . . 13.400 h

3321.165 100

Here, as in the analysis of the uncombined acid, the carbon obtained is in

excess, and probably from the same cause,—the formation of oxides of nitrogen,

—

which in burning paracyanogen and its compounds, it seems almost impossible

wholly to prevent.

Paracyanate of Iron.—When a solution of sulphate of protoxide of iron is

poured into one of paracyanic in nitric acid, a yellow precipitate falls, not very

copiously, which is soluble in hot dilute nitric acid, and falls in great part on

cooling. Heated in the air it becomes brown, blackens, then burns like tinder,

leaving metalUc iron, which rapidly oxidizes.

Paracyanate ofLead may be formed by mixing together a solution of nitrate

of lead with one of the paracyanic, evaporating to dryness, and washing the mass

with cold water.

The washings of both these salts give copious precipitates with nitrate of pro-

toxide of mercury.

Alkaline Paracyanates.—The affinity of this acid for the alkalies seems to be

singularly small. In large excess they partially decompose the metallic salts,

and dissolve small quantities of the uncombined acid forming yellow solutions

;

but they exhibit little inclination to form neutral salts. Perhaps it is, that the

neutral paracyanates of the alkaline bases are also but sparingly soluble in pure
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water, and hence the difficulty of obtaining a neutral solution. But this is a

matter for future investigation.

Rendered neutral by an acid, the solutions of the alkaline paracyanates are

precipitated by the salts of oxide of silver and of protoxide of mercury ; an excess

of acid decomposes them, and throws down the paracyanic acid.

In my paper published in 1829, I suggested that the nitrogen known to exist

in certain varieties of coal, might be present in them in the state of paracyanogen.

I find that fine caking coal from Killingworth coUiery near Newcastle, which con-

tains nitrogen equal to about one-ninth of the weight of carbon, and leaves only

0.95 per cent, of ash, dissolves completely in hot nitric acid, with copious evolu-

tion of red fumes, giving a dark brown solution. Water throws down a reddish-

brown powder, and the yellow supernatant liquid gives a reddish-brown precipi-

tate with nitrate of mercury. The substance thrown doAMi by water when

burned with bichromate of potash, gave a mixture of gases containing about eight

per cent, of nitrogen. The subject, therefore, is worthy of future investigation.

In concluding this paper, I would draw the attention of chemists to the very

remarkable discordance between the properties of cyanogen and parac^^anogen

and their several compounds; a discordance certainly more striking than any

other with which we are yet acquainted among isomeric bodies. I have already

adverted to the analogy which this black substance seems to exhibit in some of

its chemical relations to the hydrocarbons. It also agrees with them in the multi-

ple ratio of the elementary atoms existing in its equivalent as compared with that

of cyanogen ; and in the less stability and more difficult formation of its com-

pounds, as is the case with the hydrocarbons of greater density. For though in

its relation to the acids, the paracyanic is much more stable than the cyanic acid,

yet in relation to heat the latter is by far the more permanent.

We have therefore three compounds of carbon with nitrogen in the propor-

tion of two atoms to one.

Cy . . . Cyanogen.

CoN . . . The radical of the fulminic acid.

CgNi . . Paracyanogen

forming with oxygen the acids CyO, CjNO, and C8N4O respectively.

If we aUow ourselves to reason from the obscure analogy of paracyanogen to

the hydrocarbons, we may expect a compound C N4 to fiU up the gap between it

and cyanogen, and which may possibly be a liquid.

PoRTOBELLO, January 1836.
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III.

—

Experimental Researches into the Laws of Certain Hydrodynamiml Pheno-

mena, that accompany the Motion of Floating Bodies, and ham not previously

been reduced into conformity ivith the known Laws of the Resistance of Fluids.

By John Scott Russell, Esq. M. A., F. R. S. Ed.

Read 3d April 1837.

INTRODUCTION.

In the summer of 1834, I was led to examine with considerable interest some

of the phenomena of fluids, from the circumstance of having been consulted upon

the means of improving a system of navigation to be conducted at unusually high

velocities. Being well aware, however, of the very imperfect state of that part

of Theoretical Hydrodynamics which relates to the Resistance of Fluids to the

Motion of Floating Bodies, and that there had been found in its application to the

solution of practical questions, discrepancies so wide between the predicted re-

sults and the observed phenomena, as to render the principles of the theory ex-

ceedingly false guides, when followed as maxims of art, I felt it impossible to

recommend conscientiously any mode of procedure founded on defective prin-

ciples, and I therefore determined to undertake a series of investigations concern-

ing the laws of the resistance of fluids, and the means of applying them to the

formation of rules for the arts of practical navigation and naval architecture. In

this investigation, I have now been engaged during the leisure of two summers,

and I am stiU continuing to prosecute the investigation.

The following papers contain the experiments of the two summers 1834 and

1835, with the resolution of certain anomalous phenomena, and the illustration

and application of certain laws that have been developed. The experiments were

conducted on a very large scale, and the forms given to the floating bodies were

analogous to those which are most highly approved in the practical construction

of ships, as well as those of certain theoretical solids. The vessels used were

from 31 to 75 feet in length. Accurate Chronometers and Dynamometers ofvarious

descriptions used by a number of highly educated and scientific assistant obser-

vers, render the experiments worthy of great confidence. In 1834 the power

used to overcome the resistance Avas the force of horses directly applied to the

vessels ; but although out of a multitude of experiments, some were obtained that

were distinguished by uniformity in the application of the force, yet in general
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the action of that species of moving force was found too desultory and discontinu-

ous to furnish a measure of resistance sufficiently accurate to be used in compa-

risons of a delicate description, and therefore in 1835, means were provided for

rendering the action of the moving force more nearly continuous by using a pecu-

liar apparatus. With this apparatus experiments were made on the resistance

of four vessels of about 70 feet in length, at different depths of immersion, so as

to give comparative measures of resistance in reference to sixteen forms, at velo-

cities from three to fifteen miles an hour.

The results of the investigations directed to the determination of the law

which connects the resistance of the fluid with the velocity of the motion of the

floating body, appear to establish the following conclusions,—that the resistance

does not follow the ratio of the squares of the velocities, excepting in those cases

where the velocity of the body is low, and the depth of the fluid considerable

—

that the increments of resistance are greater than those due to the squares of the

velocities, as the velocity approaches a certain quantity, which is determined by

the depth of the fluid—^that at this point the resistances attain a first maximum,

and that here, by certain elements of the form of the body, and of the dimensions

of the fluid, they may become infinite—^that immediately after this, there occurs a

point of minimum where the resistance becomes much less than that due to the

square of the velocity, and after which it continues to receive increments, of which

the ratio is less than that due to the increment of the square of the velocity—that

according to the law of progression which has been established, the resistance will

reach a second point of maximum, when a velocity shall be attained of about 29

miles an hour, after which it will be rapidly diminished with every increase of

velocity.

Extracts from the Experiments, shewing the connection between Resistance and

Velocity.

Example I. Example II.

Velocity. Resistance. Resistance. Squares of Velocities,

3.7 28.0 14.3

4.0 33.76 39. 16.

6.0 61.0 26.

6.1 91.0 111. 38.4

7.1 21 r 266. 61.6

7.6 266. 330. 67.3

Point of First Maximum and Minimum.

8.6 216. 210. 72.6

9.0 234. 236. 81.8

11.3 246. 129.

12.3 362. 163.6

16.1 444. 229.6
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The curve of resistance derived from these examples instead of being a pa-

rabola, will be of the following species. Fig. 1 and 2.

Y A

AX and AY rectangular co-ordinates.

Velocity measured on AY, and resistance on AX.

AP the parabola resulting from the squares of the velocities.

AMm R the line of resistance, M the point of first maximum, and m the

succeeding point of minimum.

The causes of these deviations from the law of the squares of the velocities,

are fully investigated in the course of observations forming Part I. of this paper,

Part II. being fiUed with the details of the experiments of 1834, and Part III,

with those of 1835.

The first element of deviation which presented itself, was a phenomenon of

Emersion of the solid from the fluid, due to the velocity of the motion, and by

which the djTiamical immersion of the floating body is rendered less than its sta-

tical immersion in the fluid. The law connecting this emersion with the velocity

of the solid is deduced in Sect. (1.) from elementary considerations, and coincides

with the experiments.

Having determined the effect of motion upon the floating body itself in rela-

tion to the fluid, I have next examined the effect produced on the particles of the

VOL. XIV. PART I. G
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fluid itself by the motion of the floating body. At this part of the inquiry I dis-

covered phenomena of a most singular character, by means of which the resolu-

tion of the anomalies in resistance has been most successfully effected, and which

gives to many of the facts of practical experience a satisfactory explanation, and

points the way to many important improvements in the construction of vessels,

the navigation of rivers and shallows, inland navigation, and other departments

of hydrodynamical engineering. These phenomena arise from the generation and

propagation of Waves of the fluid b}^ the motion of the floating body.

It has appeared, in the course of these investigations, that the restoration of

equilibrium among the particles of the fluid when it has been deranged by the

motion of a floating body, is effected, not so much by means of the generation of

currents in the fluid, as has hitherto been generally assumed, as by means of

the generation of waves of the fluid, in which form the elevations of the fluid

raised on the front of the moving body are propagated with an ascertained velo-

city in the direction of the motion of the disturbing body. It appears that these

waves move with a velocity that is nearly uniform,—that they travel to very

great distances,—^that then* velocity is not in any degree connected Avith the form

of the vessel,—that their velocity is not at all dependent on the velocity of the

body which generates them,—that their velocity is due alone to the depth of the

fluid, being equal to the velocity acquired by a body falling in vacuo through a

space equal to half the depth of the given fluid,—and that the height of the wave

itself above the fluid will only increase its velocity by so much as it increases the

depth of the fluid at that point, reckoning from the summit of the wave.

I next proceeded to examine the nature of the interference of such waves, so

as to determine their effect in modifying the resistance of the fluid to the motion

of the body giving rise to them. I found immediately that the point of first

maximum of resistance coincides accurately with the point at which the velocity

of the motion of the floating body becomes equal to the velocity of the motion of

the propagated waves. It appeared further, that the effect of the formation of

these waves, when the velocity of the solid was less than the velocity of the waves,

was to send forward towards the anterior part of the solid an accumulation of

successive waves (to which accumulation I have given the name of the anterior

wave), and to create a posterior depression in that part of the fluid from which

these waves had been sent out, and thus to change the form of the surface of the

fluid in such a manner that the axis of the floating body, formerly horizontal,

no longer remained so, but was elevated anteriorly and depressed posteriorly, so

as to form a considerable angle of inclination, and greatly increase the anterior

section of displacement of the solid, whereby, at velocities less than the velocity

of the wave, a very rapid increase of resistance was experienced in approximating

to that velocity. It appeared, on the other hand, that at velocities greater than



INTRODUCTION. 51

that of the waves, the effect of their generation by the floating body was to dimi-

nish the resistance given by the fluid, because the elevations of those waves fall-

ing behind those points of the body by which they had been raised, constituted an

accumulated wave towards the middle of the body, upon the crest of which wave,

poised in a position of stable equilibrium, it was borne along in a horizontal posi-

tion, with a diminished section of immersion at the stem and stern, and conse-

quently with a diminished section of resistance.

Besides the diminution of the resistance to the floating body experienced at

velocities greater than that of the wave, it is also rendered apparent why there

should be likewise experienced a great diminution of that commotion which takes

place in the fluid at velocities less than that of the wave, and how it is that the

phenomenon of stern surge, so destructive to the banks of the channel, and so

dangerous in the practical navigation of shallow water, is found to disappear

entirely at velocities greater than that of the wave in the given depth of fluid.

The effect of the motion of the floating body in changing the form of the fluid

is least when the velocity is least and greatest ; its effect is greatest when its ve-

locity most nearly approximates to the velocity of the wave.

From the investigations of 1834, a form of great resistance suggested itself

to me. A vessel, named in the tables " The Wave," was constructed of this form.

This vessel was made the subject of experiment in 1835. It appears from the

tables, that the resistance of this vessel was much less than that of other beauti-

fully shaped vessels with which it was compared ; and one phenomenon which I

observed seems to me to estabUsh as true, that the form of this vessel does not

deviate widely from the form of least resistance. This tentative phenomenon seems

to me to demonstrate, that the motion communicated to the particles of the fluid

is the smallest that is consistent with the translation of the moving body, and it

is this,—that at all velocities extending up to seventeen miles an hour, no spray,

no heaping up of water at the stem, no lateral currents extending beyond the pre-

cincts occupied by the body itself, were ever sensible, but the body entering the

water having a smooth and glassy surface, left it unchanged and unruffled. In

the motion of all the other forms it was observed, that the water was thrown

aside at the stem of the vessel in the form of a " head and feather" of spray, and

that "broken water" extended to a distance even among the particles considera-

bly removed from the line of the vessel's motion. The equation to the curve of

least resistance was found by supposing the lateral motion given to a particle of

the fluid, to receive equal increments in equal times from zero to a given maxi-

mum of velocity, after which, by equal decrements in equal times, it should again

be brought to rest at the required distance from its original position in the place

necessary to permit the transit of the greatest diameter of the immersed body.

The curve thus obtained is concave outwards at the stem, and becomes convex
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towards the maximum breadth, having an intermediate point of contrary flexure.

Delineations of this form, and tables of comparative resistances, are given in

Part III.

I have given, at the end of the first part of this paper, some illustrations of

the subject, drawn from facts and observations in practical experience, which

have either been communicated to me or recorded by myself. The navigation of

shallow rivers, lakes, seas, and canals, affords many illustrations of the principles

I have developed. The canals of Holland and the rivers of America, as well as

those of our own country, are navigated on a practical system, which is fully ex-

plained by the interference of the wave,—and the improvements of which those

species of navigation may be capable, can only be effected in conformity with the

knowledge of these laws that has now been obtained. By the propagation of

waves, and propelling vessels upon those waves, there is a prospect opened up of

attaining velocities upon the surface of the water, that have been hitherto held to

be impracticable. The length, however, to which this communication had pre-

viously extended compelled me to shorten this part of the paper, and I have been

contented rather to shew the applicability of the principles to practical improve-

ment than to carry out this application.

Such are the results of that portion of the investigations I have undertaken,

which has been completed ; and I feel it to be my duty thus publicly to acknow-

ledge, that if any benefit shall be conferred, either upon theoretical hydrodynamics

or the practical arts connected with it, by these inquiries, it is not to myself alone

that they owe their value. To so large and extensive a series of experiments my
own exertions and my o^vn pecuniary resources would have proved inadequate,

had I not been placed in circumstances pecuharly fortunate. Two scientific

friends, Alexander Gordon and Andrew Crawford, Esqrs. afforded me invalu-

able and long continued assistance, and to their labours and those of Dr George

Glover, Mr Wilkinson, and Mr Muir, with about a dozen of hu-ed assistants, the

experiments owe much of their extent and accuracy. To the Committees of

Management of the Edinburgh and Glasgow Canal Companies, who have permit-

ted the use of their public works, and of their servants, and of their moving

power, and of their vessels, and defrayed a large expenditure of money, and to

Robert Ellis, Esq. W. S., through whose influence principally these privileges were

obtained, under the enlightened conviction, that, from the improvement of that

science with the applications of which they are so nearly connected, these mercan-

tile companies would be the first to derive important benefit ; to them and to him,

for his devotion to the interests of science, and for the unwearied kindness, and

judgment and skill with which he has assisted me in this undertaking, I consider

it my privilege to offer my thanks, as the means of accomplishing a task which

might otherwise have proved to be impracticable. To J. W. Smith, Esq. of Phila-
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delphia, I am indebted for much valuable information regarding the state of prac-

tical navigation in America, of part of which I have availed myself in illustrat-

ing the subject. Whatever is still wanting to complete this investigation, I hope,

in the course of a few years, if I enjoy life so long, to be able to accomplish; but,

in the mean time, one series of the observations has appeared sufficiently entire

to be presented by itself, and I have been induced to give them publicity, by the

kind recommendation of Professor Whewell, who has taken a generous interest

in their progress, by which I have been encouraged to pursue the investigation

through the many annoyances and disappointments and dangers that necessa-

rily accompany an undertaking of this nature.

PART I.

General Observations on the Phenomena that accompany the Motion of a Floating

Body on the surface of a Quiescent Fluid.

Every instance of the want of perfect agreement between the predictions of

theoretical mechanics and the results of practical experience, may be traced al-

most invariably to the existence of certain latent conditions that have been omit-

ted from the fundamental hypotheses. Discrepancies of this nature are suffi-

ciently numerous in the subject of hydrodynamics ; so much so, indeed, that in re-

lation to it, the appellations " practical" and " theoretical" are continually ap-

phed as terms of antithesis. The various hypothetical constitutions assumed for

fluids by Newton, Bernoulli, Euler, D'Alembert, and their followers, have en-

abled them to obtain one law regarding the resistance of fluids to the motion of

solids, which accords very closely with the phenomena of certain solids in certain

circumstances and at certain velocities, but that law has not been found ade-

quate to the solution of the case of a solid partly immersed, as when a floating

body moves along the surface of a quiescent fluid. This law, which connects the

resistance of the fluid with the second power of the velocity, is in very close ac-

cordance with the motion of bodies that are wholly immersed, and with the mo-

tion of floating bodies that have certain velocities and are placed in certain cir-

cumstances ; but it has proved widely erroneous in its direct application to the

motion of floating bodies in different circumstances and at higher velocities. So

far, indeed, does the resistance actually obtained in these cases differ from the

theoretical resistance, that examples may be found in every large collection of

experiments, and are to be met with in almost every page of those which I have

given at the end of this paper, where the resistance, instead of folloAving the law

of the squares of the velocities directly, has been found to vary, not only with

every different power of the velocities from the first to the fourth power, but also
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in the inverse ratio of some of those powers. In addition to the examples at the

end of this paper, I may here adduce two very obvious illustrations, the one shew-

ing an increase of resistance corresponding to a very high power of the velocities,

and the other exhibiting a diminution of resistance with an increase of velocity

greater than the former. The experiments were made on the 18th of October

1834 with the floating body, whose form is given in Plate TIL Fig. 4, ha\dng a

mass of 12,579 lbs. All the cncumstances attending the performance of the two

experiments were alike, and the last column shews the comparative resistances

as obtained by a dynamometer.

Example I.

Experiment I.

Experiment II.

Space Described.

1000 feet

1000 feet

Time.

117.5

93.6

Velocity in Feet.

8.51

10.69

Resistance in lbs.

233.

426.

Example XL

Experiment III.

Experiment IV,

Space Described. Time. Velocity in Feet. Rcsisunce in lbs.

2640 feet

600 feet

302.'

35.

8.76

14.28

261.

261.

In the first of these examples, the velocities being in the ratio nearly of 85.

to 106., the resistances are nearly as the third powers of the velocities ; and in

the second case, the velocity being increased from about 5.9 miles an hour to 9.6

miles an hour, the resistance is found to diminish in a ratio of 26.1 to 25.1.

To the imperfection of this branch of science, I may also adduce the testi-

mony of two eminent individuals, to whose exertions we owe much that is now
being accomplished for its improvement. In the Essay towards an approximation

to a Map of Cotidal Lines, in the Philosophical Transactions of 1833, Professor

Whewell remarks, that " the phenomena of waves, the motion of water in tubes

and canals, in risers, the motion of winds, and the resistance of fluids to bodies

in motion, are aU cases in which we are yet far from having drawn our analytical

mechanics into a coincidence with experiment, or even a close approximation to

it
;" and Mr Challis has made the same admission at the end of his Report on

the state of the Theory of Hydrodynamics, made for the British Association, where

he says, that his " review may serve to shew that this department of science is

in an extremely imperfect state, and that possibly it may on that account be the

more likely to receive improvement ;" and he adds, that " a singular fact relating
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to the resistance of bodies partly immersed in water has been observed, viz. that

a boat drawn on a canal with a velocity of more than four or five miles an hour,

rises perceptibly out of the water, making the resistance less than if no such effect

took place ;" and he further observes, that " theory, although it has never pre-

dicted any thing of this nature, now that the fact is proposed for solution, will

probably soon be able to account for it on known mechanical principles."

To observe with accuracy the conditions of some of these discrepant pheno-

mena, and reduce to the dominion of known laws certain anomalous facts, so as to

obtain a closer approximation to a correct system of theoretical and practical

hydrodynamics in those points in which they have hitherto been furthest apart,

has been the object of this series of investigations. If the reasoning I have used

in the sequel follow accurately from the experiments I have adduced, it will be

shewn that there have hitherto been neglected in the calculation from theory of

the resistance of fluids to the motion of floating bodies, two important elements of

that resistance which affect low velocities by very small quantities, and have

therefore escaped observation until certain practical results gave their effects more

prominent importance; and that these two elements are, (1.) An emersion of the

floating body developing itself as a function of the velocity of the motion, and of

the measure of gravitation ; and, (2.) The generation of waves by the motion of

the floating body which are propagated in the fluid, and which affect the form of

the surface of the fluid, the position of the floating body, and the resistance.

It appears to me probable that I shall most readily and simply communicate

to others the information I have acquired on this subject, by following the order

in which I was myself led to the acquisition of it. My examination was first of

all directed to the effects produced by motion upon the floating body itself, and

afterwards to the motions of the particles of the fluid in which the body is

moved.

Section I.

—

The Effect 'produced by Motion on the Immersion of a Floating Body.

It has been suggested as an explanation of the cases in which the motion of a

floating body is observed to be facilitated at high velocities, that the moving power

by drawing a vessel partially out of the water, so as to diminish its immersion,

may lessen the sectional area of resistance of the solid ; and further, that if the

moving force be supposed to be applied to the anterior part of a vessel, so as to

elevate the prow above the surface of the fluid, the diminished immersion of that

part would sufiiciently account for the diminished resistance. These suggestions

are not confirmed by observation. The amount of force required to produce the

said effect by either of these methods, is found to be more than equivalent to the

diminution of resistance produced by such force, and it has been observed on the
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contrary, as will be apparent in the sequel, that great and marked facilitation of

the motion is observed when the line of effect of the moving force has a down-

ward, instead of an upward, direction ; and that any elevation of the prow or an-

terior part of a vessel, instead of facilitating its motion, increases the resistance

to it.

To determine the real condition of the immersion of the floating body at

various velocities, and trace the phenomena to some kno'vvn mechanical principle,

was the object of the first series of my experiments in 1834. For this purpose

there was constructed an experimental skiff, a very light vessel of a very small

draft of water, and furnished with apparatus for determining resistance and im-

mersion. The skiff and its apparatus are described and delineated in that part

of this paper which contains the details of the experiments of 1834. Chronome-

ters, d3Tiamometers, and two modifications of Pitot's tube were observed. Twelve

openings in the bottom of the vessel allowed the water to rise in glass-tubes care-

fully graduated, to the level of the fluid without, and furnished measures of the

statical and dynamical immersion of the floating body. The vessel thus furnish-

ed, was made the subject of careful experiment at velocities of from 3 to 20 miles

an hour.

These experiments give a decided and consistent result. It was found that

in every case the statical immersion of the floating body was less than its dyna-

mical immersion. The following are taken from the experiments of 1834, given

in Part IT. The statical immersion being 2.7 inches, the dynamical immersions

observed at given velocities in miles an hour were as follows

—

Velocity, 0. , 3.016, 4.00, 5.165, 6.431, 7.253, 8.11, 9.164, 10.237, 20. -|-

Immer. 2.7, 2.6 , 2.5 ,2.2 ,1.9 , 1.8 , 2.2 , 2.3 , 2.0 , 1.5

After having determined the existence of a dynamical emersion, I endea-

voured to discover the law of connection between the diminished immersion and

the velocity of the motion. A singular change in the immersion at the velocity

8.11, and those immediately following it, gave me much trouble in my attempts

to do this. I at first imagined the experiments might have been erroneous, but

obtained the same results on each repetition. It afterwards turned out that these

very anomalies shewed the continuity of the law ; for it will soon be apparent in

following out the subject, that at that very velocity of 8.11, the fluid undergoes

a very extraordinary change in its form, which increases the immersion at the

middle of the floating body when these immersions had been observed, and dimi-

nishes it at other parts of the body. Leaving, therefore, indications 8.11, and

those which succeed it, to have the reductions made upon them, which subse-

quent investigations render necessary, and taking those below that point, and far

above it, we may now proceed to examine whether any known principle will

lead us to assign a law accordant with these phenomena.
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Extensive series of experiments with the tube of Pitot, conducted by the

most eminent experimentalists, and confirmed by the accordance of collateral

phenomena, have established the doctrine as an axiom in hydrodynamics, That

the resistance of a small unit of surface to a fluid, when either the fluid is in mo-

tion, or the surface itself, is equal to the statical pressure of a column of fluid

having for its height the height due by gravity to that velocity. Had not this

been satisfactorily established by previous experiments, and universally received

as an unquestionable truth, my own experiments with the tube of Pitot would

have been sufficient to shew the truth of the doctrine, which is merely the con-

verse of the theorem, That the statical pressure of a column of fluid generates a

velocity in the effluent jet equal to that which is required by a heavy body fall-

ing freely by gravity through a height equal to the depth of the fluid. This sta-

tical quantity being the measure of the pressure of the fluid upon the anterior

surface of the immersed solid, will also be the measure of the quaquaversus

pressure of the fluid in every direction, and therefore will measure the pressure

of the water upon the vessel causing its emersion. Opposed to this we have

the downward pressure arising from the gravity of the solid. Now, the measure

of this pressure is the weight of the column of water displaced by the body, the

depth of which is equal to the depth of the statical immersion of the solid, and

each of these pressures is at every velocity equal to the other, and in the opposite

direction to it. Whence,

Let s = Transverse section of Statical Immersion.

V = Velocity of Motion.

g = Measure of Gravitation.

s' = Section of Dynamical Immersion.

.'.vs z= Volume of Fluid displaced by Statical Section ; and

Ts' = Volume of Fluid displaced by D3niamical Section ; and

— = Height due to the velocity v.

If P be the density of the fluid.

^vp -.= svp-
2^

'. S'V := s (v--?>^d

S' =-.s{^-
2gi

Proceeding from this equation of the dynamical section, to determine the

variation of total resistance, on the condition of proportionality to the law of the

squares of the velocities, as regards that portion of the section of the solid which

remains immersed, from the general equation

VOL. XIV. PART I. H
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a

we deduce in this case of diminished section by substitution,

of which the successive differential equations in regard to ^ are.

From eq. (1.) if we make

we obtain, in the case of a maximum or minimum,

2-|-" = and v='-^-
2g. 3

By substituting this value in eq. (2.) we get

dv \ ~2)2g'

being a negative quantity, whence it follows, that

R' is a maxunum, when v = -fl

s' = 0, when v = 2g.

These expressions may be converted into the following laws.

Laws of Dynamical Emersion and Diminished Resistance.

1. If a floating body be put in motion with a given velocity, the pressure which

it exerts do^vnwards upon the fluid in virtue of gravity, is diminished by a

quantity equal to the pressm-e of a column of the fluid having the height

due to the velocity of the motion.

2. The Section of Dynamical Immersion is less than the Section of Dynamical

Emersion, in the same proportion in which the difference between the velo-

city of the motion and the height due to it is less than the velocity of the

floating body.

8. The Resistance being taken in the ratio of the square of the velocity upon

that part of the section only which remains immersed, the aggregate resist-

ance will increase in the ratio of the squares of the velocities, very nearly
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only at low velocities, and at higher velocities it will increase very slowly,

and will even diminish as the velocity is increased.

4. The Resistance increases very slowly from about 25 to 29 miles an hour, at

4
which point the velocity being - of that which is the measure of the force

of gravity for a given point of the earth's surface, or about 43 feet per se-

cond, and 29 miles an hour ; the resistance has attained a maximum, and

rapidly decreases, and continues to do so.

5. At 43.8 miles an hour (when v = 2g), the floating body emerges wholly from

the fluid, and skims its surface.

It should be observed, that the phenomena corresponding with these results

will be modified when the depth of the fluid is small, by the wave and other ele-

ments of resistance, upon the consideration of which we are to enter in another

part of this paper.

It is also to be observed, that the form of the floating body is no element in

the formula of emersion—that the law is a general one. This caution is the

more necessary, because Mr Challis has given a formula of emersion for a sphere,

derived from the summation of all the elementary forces acting upwardly upon

the sphere, which are obtained from resolving the oblique forces on each point of

the sphere into co-ordinates of vertical and horizontal action. The particular

case treated by Mr Challis, although true for a sphere, does not apply to an

elongated body, so as to diminish its emersion, but merely changes its position,

and in such a manner as to increase, instead of diminishing, the resistance of the

fluid. The effect he refers to is a gi-eat evil incident to a certain form of vessel,

which otherwise possesses considerable advantages. The law of Diminished Re-

sistance and Immersion which I have developed, is perfectly general in its appli-

cation, and wholly independent of casual form. It has for its foundation merely

the simple principle. That gravity, acting on a solid body during a given unit of

time, is a constant quantity, and that the displacement of the fluid by the weight

of the body, being a quantity that increases both with the velocity and the quan-

tity of that displacement, must ultimately be equal in quantity, as it is opposite

in direction, to the pressure of the solid downwards by gravity.

Section II.

—

On the Motions that are communicated to the Particles of a Fluid hy

the Motion of a Floating Body.

Many of the attempts which have been made to verify by experiment, or to

discover empirically, the laws of the motion of floating bodies, have been defeated
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by the untoward circumstance of the disturlance which is caused by the protru-

sion of a solid into the space occupied by the fluid. The particles which are thus

displaced are thrown aside by the anterior part of the body, and then collapse

upon other parts of it ; or they are thrown forward before the body, which is after-

wards protruded on them a second time ; or they are thrown up in heaps in cer-

tain forms of equilibrium, and the accumulations and irregularities of pressure

which are thus occasioned give rise to currents of the fluid and mutual collisions

amongst divided masses of it, and surges and other phenomena, all of which en-

tering at once as elements of the resistance into the production of the resulting

phenomena, do so modify them, as to give results that are totally inconsis-

tent with theory, and are apparently at variance with each other. That theory,

therefore, which will venture to assign the measure of the resistance of a fluid to

a sohd, upon the supposition that the surface of the fluid remains horizontal, and

that the anterior part of the solid finds the sm-face of the liquid a level plane, will

proceed upon imperfect data.

The only one of these disturbing causes which has hitherto been investigated

in theories of hydrodynamics, is the lateral current proceeding from the stem to-

wards the stern of the moving body.

The elements which I have added to those previously investigated are the

Anterior, Posterior, and Central Waves.

I was first led to investigate the disturbances produced by the entrance of a

floating solid into a quiescent fluid, by encountering a series of anomalous irregu-

larities in my attempts to measure the immersion and resistance of the floating

body at different velocities. There were certain velocities at which the body ap-

peared to be almost buried in the water, and was so much impeded, that any force

employed to accelerate the velocity of the body seemed only to accumulate resist-

ance upon it, while at other velocities greater or less than these, the body would

suddenly change its position, and instantly emerge out of the trough of the fluid

to a considerable height above its statical elevation. But what happened in one

portion of fluid did not occur in a different portion of the same fluid even at the

same velocit3^ The resistance would sometimes exceed the third power, and again

in another portion of fluid fall below the first power, for the very same velocity.

These were disruptions of the law of continuity which the gradual law of an emer-

sion as a function of velocity and gravity alone could not solve. I therefore entered

upon a series of inquiries, directed solely to the subject of discovering and determin-

ing the unknown constituents ofthe disturbance ofthe equilibrium ofthe fluid occa-

sioned by the presence of the floating body. The results of my inquiries I am now
to state as briefly as clearness will allow, premising, at the same time, that the

facts which presented themselves appeared at first to myself as extraordinary as

the}^ may now probably seem to those who may learn them for the first time ; but
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I may add, that, in the same degree in which they appeared wonderful to me at

first, do they now appear to me the necessary and most satisfactory results of ele-

mentary and axiomatic principles.

In directing my attention to the phenomena of the motion communicated to

a fl.uid by the floating body, I early observed one very singular and beautiful phe-

nomenon, which is so important, that I shall describe minutely the aspect under

which it first presented itself, I happened to be engaged in observing the motion

of a vessel at a high velocity, when it was suddenly stopped, and a violent and

tumultuous agitation among the little undulations which the vessel had formed

around it, attracted my notice. The water in various masses was observed gather-

ing in a heap of a well-defined form around the centre of the length of the vessel.

This accumulated mass, raising at last a pointed crest, began to rush forward with

considerable velocity towards the prow of the boat, and then passed away before

it altogether, and retaining its form, appeared to roll forward alone along the sur-

face of the quiescent fluid, a large, solitary, 'progressive mam. I immediately left

the vessel, and attempted to follow this wave on foot, but finding its motion too

rapid, I got instantly on horseback and overtook it in a few minutes, when I found

it pursuing its solitary path with a uniform velocity along the surface of the fluid.

After having followed it for more than a mile, I found it subside gradually, until

at length it was lost among the windings of the channel. This phenomenon I

observed again and again as often as the vessel, after having been put in rapid

motion, was suddenly stopped ; and the accompanying circumstances of the phe-

nomenon were so uniform, and some consequences of its existence so obvious and

important, that I was induced to make Tlie Wave the subject of numerous expe-

riments.

It very soon began to appear probable, that the existence of this phenomenon

of the solitary wave would exercise very great influence on the quantity and nature

of the resistance of the fluid to a body moving with a given velocity, according as that

velocity was equal to, or greater, or less than, the velocity of the wave. And on making

this the subject of a series of experimenta crucis, the correctness of the anticipa-

tion was established, and it appeared that the velocity of the motion of the solitairy

wave had a peculiar relation to a certain well-deflned point of transition in the re-

sistance of the fluid.

In prosecuting the inquiries to which this discovery gave rise, I found that,

in every instance ofprogressive motion of a solid in a fluid, the displacedfluid gene-

rated waves of thefluid that were sent in the direction of the motion of the body, and

propagated with a constant velocity, which was quite independent of the velocity of

the motion of the body, and that the magnitude, disposition, and velocity of these

waves formed very important elements in the resistance of the fluid to the floating

body. I therefore directed my investigations to the discovery of the law of the
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genesis and motion of such waves, and the nature of their interference witli the

resistance of the fluid.

Section III.

—

On the Laws which Regulate the Genesis and Propagation of The

Progressive Wave which is created hy the Motion of a Floating Body.

It is very necessary that The Wave be carefuUy distinguished from certain

elevations on the surface of a fluid which may likewise be included under the ge-

neric title of Wave, as observers who do not make this discrimination ^ill be led

into great confusion. I have observed at least four species of Wave,—the Ripple

or Dentate Wave,—the Oscillatory Wave,—the Sm-ge Wave,—and " The Wave"

"par excellence," the solitary, progressive, gi*eat wave of equilibrium of the fluid.

In regard also to the vessel, I have observed several waves. The Great Primary

Wave of Displacement,—^the Secondary Wave of Unequal Displacement,—the

Great Posterior Wave of Replacement,—and the Secondary Waves of Replace-

ment. It is the Great Prhnary Wave of Displacement which alone belongs to the

species of the wave which I am now to examine.

The wave has been generated in two ways. By the addition of a solid to a

limited portion of quiescent fluid, and by the addition of a given quantity of fluid.

A loaded vessel being suddenly drawn with considerable force towards the mouth

of a narrow channel, sends forward the displaced water into it in the form of the

wave. A vessel being in the course of its motion made to vary suddenly, either

made to move more rapidly or more slowly, or suddenly stopped, will send for-

ward a sensible wave ; and at all times, in smooth water, when moving with a

velocity less than that of the wave, there wiU be perceived a series of waves pre-

ceding the vessel. If, also, there be made, by means of a sluice or otherwise, a

sudden and considerable addition to the waters of a limited channel, the elevation

will be transferred along the surface in the form of the wave.

It was found that the mode of the genesis of the wave, whether by a large

or small vessel, by a long or short vessel, by a sharp or obtuse vessel, by a deep or

a shallow vessel, whether by the addition of a quantity of water in one manner or

in another manner, that the mode of genesis did not in any way, except in mag-

nitude, as a great or small wave, produce any modification of form or velocity in

the resulting wave. It was remarkable, also, that the velocity of the motion of

the generating body did not in any way affect the velocity of the resulting wave,

a wave, for example, of 8 mUes an hour being produced ahke from bodies moved

at the rate of 2, 5, 6, and 12 miles an hour.

A very simple and early observation convinced me that the velocity of the

propagation of the wave was owing chiefly to the depth of the fluid. After having

propagated a given wave that had a velocity of 8 miles an hour, it was traced to
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a point at which the channel became deeper, and here its velocity was suddenly

accelerated. The channel was also constructed as to become alternately narrower

and wider, but no sensible effect was produced by the change ; and when the wave

once more reached that part of the channel which was of the original depth, its

velocity returned to the original quantity.

Another observation equally simple served to shew that a large or high wave

had a greater velocity than a small one. When a small wave preceded a large

one, the latter invariably overtook the other, and when the large wave was before

the less, their mutual distance invariably became gi-eater.

In channels of rectangular section, the velocity was found by numerous expe-

riments not to differ sensibly from that which is acquired by a heavy body in fall-

ing freely by gravity through a space equal to half the depth of the fluid.

In channels of variable depth in the transverse section, the velocity was found

to be diminished below that which was due to the maximum depth, and to be

equal to the mean of the velocities due to the differential depths.

The experiments on the magnitude of the wave shewed, that the velocity of

larger, that is, of higher waves, appears to be greater than that of smaller ones,

nearly in the ratio which is obtained by supposing the depth of the channel to be

increased by a quantity equal to the height of the wave above the level of the sur-

face of the quiescent fluid.

Experiments on the age and history of the wave, that is, upon the time which

has elapsed, and the distance which has been travelled, and the route which has

been described by it from the time and place of generation to the time and place

of observation, shew that, after having traversed spaces from 100 to 2500 feet long

in a sinuous channel, the wave remains unchanged in form and in velocity.

As the full investigation of the laws of the Genesis and Propagation of Waves

forms a very extensive subject, in which I am at present engaged as a separate

investigation, I have not loaded this paper with such observations as belong more

properly to that subject. But I have given in this paper those examples which

have peculiar reference to those experiments on resistance which I haye now oc-

casion to discuss in connection with the wave of the channels in which they were

made.—(See Parts II. and III.)

The experiments on resistance were made in a channel 5.5 feet deep in the

middle, but of irregularly diminishing depth towards the sides. The velocity of the

wave in these experiments is about 8 miles an hour, being from 11 to 12 feet per

second, varying with the height of each wave according to the law already given.

Very small waves, whose height does not exceed 0.1 of the depth of the

quiescent fluid, are considerably retarded below the velocity due to the length,

and move slower than the larger waves in a less depth.

The following extracts from the tables of a separate series of investigations
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directed exclusively to the examination of the laws of the wave, wiU serve to shew

the degree of correspondence of the phenomena with the law already mentioned,

and the connection between the velocity of the wave and the depth of the fluid,

the fourth column being formed by adding to the fii'st the mean of the second

and third.

THE WAVE.

In a rectangular channel 13 inches wide, 75 feet long.

Heights of the Wave Total Depth reckon-
Depth of the Fluid at

Rest in inches.

above the level of the
Fluid in inches.

ed from the top of
the Wave.

Time for

70 feet.

3.25 1.2 0.6 4.15 23!b

4.0 1.3 0.8 6.1 21.5

4.6 1.0 0.5 6.25 20.5

6.5 1.5 1.3 6.9 18.

6.26 2.5 1.5 8.26 16.5

6.25 3.6 2.6 9.25 16.6

9.0 2.3 1,0 10.65 14.6

9.0 3.0 2.6 11.76 14.0

9.0 3.6 2.3 11.90 13.6

9.5 1.0 0.6 10.3 14.5

9.5 2.6 1.2 11.3 14.0

13.0 1.0 0.5 13.75 14.0

13.0 2.0 1.1 14.56 13.0

13.0 3.0 1.4 15.2 12.0

37.0 9.0 6.0 44.0 *

66.0 4.0 4.0 70.0 t

66.0 6.0 6.0 71.0 t

66.0 9.0 9.0 76.0 t

Velocity in Feet
per sec

3.04

3.26

3.47

3.9

4.49

4.62

4.82

5.00

6.19

4.82

6.00

6.00

6.38

6.83

10.698

14.087

14.284

14.727

Section IV.

—

On the Form which is given to the Surface of a Fluid hy the Motion

of a Floating Body.

It is only in a state of perfect rest that the surface of a limited reservoir of

liquid can be considered as a horizontal plane. The displacement of any portion

of that fluid deranges the equilibrium of all the particles in the vicinity of the

disturbing cause, and it is only after the lapse of a considerable interval of time,

and by means of an extensive series of interchanges of motion and position that

the equilibrium is readjusted and the horizontal plane restored.

When a floating body is made to pass from one point in a fluid to another, it

communicates motion to all the particles in the vicinity of its path. Such par-

ticles of the fluid as lie directly in that path are removed from it by immediate

contact ; these impart motion to those upon which they are protruded, and the

* This experiment was in a channel 12.3 feet wide.

f These three examples were in a channel 12.3 feet wide.
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agitation is thus extended to particles remote from the body. In certain cases

motion is thus communicated to particles before the body, so that when it reaches

them it neither finds them in a state of rest nor terminated by a horizontal plane.

This change of form must constitute an important element in the resistance ex-

perienced by the floating body.

The form which a fluid assumes when disturbed by a body moving with a

velocity less than that of the wave, is very different from that which it takes

when the velocity of the body is greater than that of the wave.

The phenomena attending velocities less than that of the wave, which are

most general and important, are the Great Anterior Wave of Displacement, the

Posterior Wave of Rejjlacement, and the Lateral Current. The secondary wave

of excessive displacement and the secondary wave of replacement, are pheno-

mena of a peculiar and accidental nature, resulting from the form of the disturb-

ing body.

The great anterior wave of displacement is produced by the translation of

the fluid from the path of the solid—the mass of displaced fluid forms an eleva-

tion towards the anterior parts of the vessel, which is propagated continually for-

wards in the direction of the motion in the form of the wave, and with the velo-

city due to half the depth of the fluid. This anterior accumulation is constantly

maintained by the continual displacement of the moving body, and forms a smooth

well defined wave, extending many feet forward from the bow of the vessel, and

across the whole width of the channel. The rounded summit of this wave is

placed at low velocities considerably anterior to the stem of the vessel. At low

velocities also the wave is small, but the wave increases with the increase of the

velocity of the vessel, and at the same time the vessel is brought forward towards

the highest part of the wave. -

The lateral current of the fluid around the vessel from the stem towards the

stern is a phenomenon that always accompanies the anterior wave. The eleva-

tion of the fluid anterior to the solid by its introduction into the space occupied

by the anterior fluid, and the removal of the posterior part of the solid from the

space previously occupied by it, form an elevation and depression, of which the

inequality of the pressure determines a current with a given velocity in a direc-

tion opposite to that of the motion of the solid.

The great posterior wave of replacement is totally different in the nature of its

generation and the law of its propagation from the anterior wave of displace-

ment, and ought not in any way to be confounded with it. It is of the nature

of an oscillatory wave, and frequently degenerates into a surge or breaking wave.

It is formed in the following way : The motion of the solid having sent forward

the particles of the fluid before it in the form of the anterior wave, there remains,

when the posterior part of the bod^^ is withdrawn from a given part of the chan-

VOL. XIV. PART I. I
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nel, a vacancy and corresponding depression of the surface of the fluid,—into this

vacancy two currents are determined in opposite directions, the lateral current

from the stem towards the stern sent backwards by the pressure of the anterior

fluid, encounters near the stern a current in the opposite direction, sent foi-ward

by the pressure of that portion of the fluid behind the vessel which has regained

its original altitude. The collision of these opposite currents generates around

the point where they unite an accumulation of fluid, which performs a series of

successive oscillations, until the equilibrium of the fluid under a horizontal plane

is at last restored. At each velocity this posterior wave maintains a constant

position in regard to the stern of the vessel. The velocity of this wave is equal

to that of the vessel, but its position varies with the velocity, approaching nearer

to the middle of the vessel at the slower velocities, and falling further behind as

the velocity increases, so as to be frequently at a considerable distance behind the

stern of the vessel.

While the velocity of the floating body continues to be small, the stem surge

may be recognised in a gentle short undulation following in the wake of the vessel

at the stern or near it, and followed at short intervals by a series of smaller waves

of the same species. With an increase of velocity the crest of the surge rises in

a sharper line, elevated to a greater height above the surrounding fluid, until it

forms, at an increased distance, behind the stern, a high crested breaker, which

foams and dashes along after the vessel with a loud roaring noise, tearing up the

sides of the channel.

The form given to a fluid in which the velocity of the wave was foimd to be

85 miles nearly, is represented in the sections below, which represent the pheno-

mena as observed at velocities of 4, 6, and 7f miles an hour, and compared with

the fluid in a state of rest.

Fig. 3.

(ut rest.)

C:^

Fig. 4.

(at 4 miles an hour.)

Fig. 5.

(at 6 miles an hour.)
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Fig. 6.

(at 7j miles an hour.)

The form given to the fluid in a channel about 8 feet deep, having a wave of

the velocity of 10 to 11 miles an hour, is given in Plate II. fig. 1, the velocity of

the vessel being about 7 miles an hour.

When the velocity of the solid is greater than the velocity of the wave of the

fluid, the nature of the motion communicated to the fluid is totally different from

that which is given to it by a lower velocity. The anterior wave no longer presses

forward before the vessel, but the prow enters water that is smooth and undis-

turbed. The displaced fluid does not now accumulate at the prow, but is left on

either side, forming a lateral elevation of fluid, which has the effect of increasing

the depth of the fluid around the sides of the vessel, and forming a wave, on the

summit of which the vessel may be poised in a position of equilibrium. This is

in fact the wave formed by the displaced fluid, but moving with a less velocity

than the vessel, and therefore posterior to the prow of the vessel instead of an-

terior to it, as in the former case, where the velocity of the vessel was less than

that of the wave. It constitutes, therefore, a great central wave of displacement.

At velocities greater than that of the wave the stem surge has now disap-

peared. The wave of displaced fluid, instead of being sent forward, was to leave

a vacancy in that part of the channel from which it was displaced, remains heap-

ed up on the sides of the vessel until it has passed, and then collapses into the

space which it had previously filled. The channel is therefore merely rendered

fuUer for the time being than it had formerly been.

Since, therefore, it appears that the form of the fluid is changed by the pro-

trusion of a solid floating upon its surface, and is no longer bounded by horizon-

tal plane ; since, also, the form of the fluid is different when the velocity is less

than that of the wave of the fluid, from its form when induced by a velocity in

the solid greater than that of the wave ; since, also, the mode of displacement and

replacement are different, it may be expected that the law of resistance will ex-

hibit a very important change at the point of transition. This will form the sub-

ject of the ensuing section.
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Section V.

—

On the Nature of the Increased Resistance experienced at Velocities

less than that of the Warn.

From the great change that is effected on the form of the fluid by the mo-

tion of a floating body with a velocity less than that of the wave, it is now
very obvious that a vessel placed behind the wave, is in circumstances exceed-

ingly different from the hypothetical condition of being drawn in a horizontal

position along the surface of a level quiescent fluid. The prow of the vessel

is pressed into the anterior wave, the stem is depressed into the hollow of the

wave, the keel is inclined upwards in the direction of motion, at an angle

amounting in some cases to 20°, an additional surface of horizontal displace-

ment is presented, which increases as the sine of the angle of elevation of the

keel. On attemp i g s ill farther to accelerate the velocity of the vessel in the

vicinity of that of the wave, the variations which are thus produced in the condi-

tion of the vessel increase still further the causes of these variations, the increased

immersion of the bow in the wave, augments the anterior wave formed by the

displacement of the fluid, and the enlarged oblique surface now presented in the

bottom of the vessel presses forward with increased velocity the wave on the

slope of which it is elevated, and increases the elevation of that slope, becoming

more depressed also at the stem, and giving rise to more rapid currents, and a

higher stern surge. In short, it appears, that increased force applied gradually

to the vessel for the purpose of rendering the velocity of the body equal to, or

greater than that of the wave, has the effect at the same time of increasing at a

more rapid rate the retarding forces, and a limit is soon reached, which it has in

many cases been found impossible to pass. It is the circumstance of the very rapid

increase of the resistance in approximating to the velocity of the wave, that has led

to the false idea that there is a final and low limit to velocity on shallow water.

There are circumstances in which this limit is final, the channel being very shal-

low, and the boat very bluff in its formation, I have seen in such an extreme case,

when the depth of the channel was about five feet, the channel laid bare in the

stern hollow behind the wave, so that the stern of the vessel no longer floated but

rested on the bottom, while the bow was elevated and buried in a large anterior

wave, rising more than two feet above the level, and overflowing the banks, and

the posterior wave rushed on furiously behind, roaring and foaming, tearing up

the banks of the channel, and threatening the destruction of the vessel, which, in-

deed, on stopping, it nearly accomplished. In such a case the persons in the

vessel were not visible fi*om the shore, being sunk in the hollow between the

great anterior and posterior waves.
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x\ny increase of velocity behind the wave is therefore accompanied by the

following

Elements of Increased Resistance. ,

1. Increased Immersion of the bow in the anterior wave.

2. Inclination of the longitudinal axis of the floating body, so as to change the

form of the displacing body.

3. Increased vertical section opposed to resistance == the sin of the inclination.

4. Increased velocity of the lateral current.

The following Table, extracted from the experiments of 1835, will serve to

shew the rapid increase of resistance which is experienced in approaching the

velocity of the wave, which in these cases was 8 miles an hour.

Example I. Example II.

Velocity in

Miles.

Resistance in

Pounds.

Velocity in

Miles.

Resistance in

Pounds.

6.05 52.25 6.05 95

6.45 78.5 6.45 100.5

6.68 82.5 6.19 152.0

6.49 111.0 6.49 312.0

6.81 125.0 6.81 386.0

7.57 255.0 6.81 to 7 392.0

7.6 to 8 330.0 8 miles an hour ^ vel. Wave.

8 miles an hour ^ Wave's vel.

The following examples will shew the very slight increase of velocity in the

vicinity of the wave, even when the increments of force are considerable. (See

Experiments XLIII. and XXXIX.. 1835.)

Space. Time. Force. Space. Time. Force.

Feet.

100
Sees.

10
lb.

124.7
Feet.

100
Sees.

9.5

lb.

172.2

100 10 127.5 100 9.26 200

100 10 150.5 100 9.25 212.2

100 10 167.6 100 9.0 227.7

100 10 197.7 100 9.0 239.7

100 10 207.0

Velocity of the Wave being 100 feet in 8.5 seconds nearly:

Section VI.

—

On the Nature of the Diminished Resistance which is experienced at

Velocities greater than that of the Wave.

Having now understood the manner in which a floating body moving behind

the anterior wave deranges the equilibrium, and alters the form of the fluid, so

as to cause a rapid accumulation of the elements of excessive resistance, it will

be readily perceived that the annihilation of these elements, which takes place at

velocities greater than that of the wave, will prevent the continued increase of the
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resistance derived from them, and it will also appear that the new arrangement

of the particles of the displaced fluid renders the wave an element of diminished

resistance. By how much, in fact, the wave was at a lower velocity, a + ele-

ment of resistance will it now act as a— element of resistance.

Let it now be supposed that the vessel had created by its motion an anterior

wave, and let it be supposed possible to lift the vessel entirely out of the water,

and place its centre on the top of the wave, the stem being anterior to the wave,

and the stern behind it, and suppose the vessel to be of such a fonn as to remain

in a position of stable equilibrium on the surface of a fluid having the form of the

wave, and suppose such a velocity to be given to the vessel as to keep it in the

same relative position to the wave, then the following results would be obtained.

(1.) Thevessel would be permitted to recover the horizontal position, andwould

present the minimum transverse section of resistance.

(2.) The immersion of the vessel being . increased by the height of the crest

of the wave around its centre of gravity, the anterior and stern displacements

would be diminished, the total immersion being a constant quantity, by the amount

of excessive central displacement.

(3.) The velocity of the vessel being now increased beyond that of the wave,

the waves of displaced fluid falhng continually behind the points where they were

raised, would form a continued series of great central waves, bearing the vessel

up upon their summit.

Such are precisely the circumstances of a vessel moving with a velocity greater

than that of the wave, as shewn in section in the following illustration.

Fig. 7.—Behind the Wave.

Fig. 8.—Upon the Wave.

But it wiU be inquired, how is a vessel to be placed in such circumstances ?

How is the extreme resistance of the anterior wave to be vanquished, and the

vessel planted on its summit ? This is admitted to be a practical problem, often of

extreme difficulty ; sometimes it is impracticable. There are some forms of vessel

that do not admit of a position of stable equilibrium on the top of a wave. StiU,
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however, it is a practical problem practically solved every day on all canals navi-

gated on the Scotch system. Vessels of a greater length than the wave, having

a fine entrance, built of light materials, and drawn by well trained highly bred

horses, and guided by experienced postillions, are raised by a sudden and powerful

jerk to the top of the wave (at from 6 to 8 miles an hour), and are drawn along

on the summit of the wave with greater ease at 10 and 12 miles an hour, than

at 6 or 7. (See Section IX.)

The progression of the resistance from 0, up to a velocity greater than that

of the wave, follows therefore a very intelligible order. Suppose the velocity of

the wave to be about 8 miles an hour, at the lower velocities of 2 and 3 miles an

hour, the resistances bear to one another nearly the ratio of the squares of the

velocities. But with the increase of velocity the excess of the resistance above

that due to the velocity also increases, and nearly in the inverse ratio of the dif-

ference between the velocity of the vessel and the velocity of the wave, so that

the ratio compounded of these two ratios accumulates very rapidly to a very high

limit in the vicinity of the wave, which limit may in certain cases be infinity, but

where it is not infinite, the resistance will suddenly diminish to a less quantity

than the slower velocities under the wave, and will only increase in a ratio which

wiU be less than that of the square of the velocity from two causes, from the

diminished immersion due to the velocity (as in Sec. I.), and from the diminished

anterior immersion explained in this section as the effect of the central wave; the

resistance will then obtain a maximum and minimum as given in Sec, I.

The following experiment made with a simple dynamometer, giving only

round numbers, will shew the manner in which horse-power may be exerted

at velocities greater and less than the wave, and the exertion required to place

the vessel on the wave. The velocity of the wave being 8 miles an hour, and the

weight of the vessel and its load = 12,579 lbs. Two horses were used.

Space. Time.

Feet. Sees.

100 11.5

200 11.0

300 11.0

400 10.0

500 9.0

600 9.0

700 9.0

800 9.0

900 8.0

000 7.5

100 7.0

200 7.0

300 7.0

400 7.0 .

500 7.0

Reeistance.

lb.

180

Velocity.

In miles an hour.

5.92

200 6.19

260 6.19

300 6.81

300 7.57

350 7.57

400

600

7.67

7.57

400 8.52

300 9.04

270 9.04

280 9.04

270 9.04

280 9.04

270 9.04
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Although this experiment does not give accurate measures of force due to

various velocities, it shews simply what was intended, the manner in which the

force of horses is exerted to " overcome the wave" (as it is called). The following

Table is made up of very correct experiments, continued through considerable

spaces, upon the same basin of fluid, and with the vessel which is named the

Raith in Part III., the weight of the vessel and load being = 10,239 lbs. 17th

October 1834.

Space
described.

Time.
Velocity in Feet

per second.
Velocity in Miles

per hour.
Moving
Force.

Behind the (
Experiment I.

Wave, )
Experiment IL

( Experiment III.

Upon the j Experiment IV.

Wave, 1 Experiment V.

Feet.

2640

2640

2640

1000

1000

Sees.

387

802.5

295.5

74.0

65.0

6.8

8.6

8.9

13.5

16.3

4.72

5.92

6.19

9.04

10.48

Lbs.

112

261

275

250

268.5

The resistance here is greater at 6 miles an hour behind the wave, than at 9 miles

an horn- upon it ; and the resistance at lOf miles, is little more than at 5i% miles

an hour.

It is easy to see how the wave influences the resistance in the cases where the

vessel has been raised upon it, and is drawn along at precisely the same velocitj'^

;

but it is perhaps not quite so clear at first sight what are the phenomena which

accompany velocities that are greater than that due to the wave, because, in that

case, the vessel would leave the wave behind. But it should be observed, that a

new wave is formed at every successive instant by the motion of the vessel

through the water, whatever be the velocity of its motion ; for the displaced fluid

thrown aside at the bow, generates a series of waves, which move with a less ve-

locity than the vessel, and fall back to a position behind the bow. The displaced

fluid, which, in the case of motion with a less velocity than that of the wave,

passed forward before the vessel, causing an extensive accumulation, cannot now

pass forward with a velocity greater than that due to the depth and to the wave,

and is therefore left behind, to fill up the vacuity which will remain when the

stern of the vessel shall have passed on. The displaced fluid is therefore pushed

aside by the bow of the vessel, and forms lateral accumulations on both sides

of it, in the form of a continuous wave, upon the ridge of which the centre of

the vessel is sustained in a position of station of stable equilibrium. The buoy-

ant force of this ridge is the cause of the diminished anterior section of resist-

ance.
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It is always found that the commotion produced in the fluid is much greater

at velocities less than the wave, than at velocities which are greater than it.

The stem of the vessel, in the latter case, enters water which is perfectly smooth

and undisturbed, because no wave has previously passed forward before the ves-

sel to produce any anterior derangement ; the water which is pushed aside by

the bow of the vessel, forms a lateral accumulation proportioned to the increase

of volume arising from the sudden entrance of the solid ; and when the vessel

has passed forward, the subsequent collapse of the lateral ridge restores the equi-

librium. The disturbance of an anterior wave is thus rendered impossible, and

the cause of the destructive stern surge is removed ; for the displaced water re-

mains to fill up that vacuity into which a stern surge would otherwise have been

driven.

It is evident, therefore, that the nature of the motions communicated to a

fluid at velocities greater than the velocity of the wave, are radically different in

their nature from those of the less velocities. Lateral currents, breaking surges,

can no longer exist. The fluid is simply divided by the entrance of the vessel,

stands aside until it has passed, and gently subsides to the original level when

the separating body has passed away.

The practical applications of these facts and phenomena are of great value in

the navigation of canals and shallow rivers. (See Sec. VIII and IX.)

Tables of resistance at various velocities are given from seventeen different

forms of the immersed portion of the floating body, at velocities from 3 to 15 miles

an hour, in Parts II. and III.

Section VII.

—

On a General Expression of the Law of Resistance of a given Solid

in a given Limited Fluid.

If the immersion of a floating body were like that of a sohd wholly immersed

in the fluid, a constant quantity, and if the surface of the fluid remained horizon-

tal and plane, and if the particles of the fluid remained at rest untU immediately

acted on by the solid, and were the motion given by the solid to the displaced

fluid horizontal without vertical excursions, then the usual simple expression,

R = — . msp .... (1.)

would represent the resistance R, being the weight of a column of fluid having

the height due to the velocity v, g being the measure of gravity, s the anterior

transverse section of the immersed part of the solid when at rest, m being a con-

VOL. XIV. PART I. K
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stant representing the modified resistance derived from the form of the anterior

part of the solid, and p the density of the fluid, to which might also have been

added a constant quantity for adhesion, but we have omitted it, for the sake of

simplifying the expression.

If, however, we include the element of diminished immersion, we shall have

by (Sec. I.)

W=^^.p.ms(\ —
l^)

.... (2.)

If we now include the element of change in the position of the body, and of in-

creased anterior immersion when behind the wave, we shall have, by using & for

the angle of elevation of the axis of the solid, ^ for the difference of the anterior

section or height of the wave forming on the sohd, modified by the constant n,

for the form of that part of the solid, and measured at a given unit of velocity

in relation w the velocity due to the wave, we shall have

R" = |.p{,«.(l-f^).a+s>ne)+;^J • • • (3-)

When the velocity is less than that of the wave, the quantity is posi-

tive, w being greater than v, and the effect of the wave is then to increase the

resistance ; as v increases, qv— v diminishes, still remaining positive. If the sides

of the channel and of the vessel were infinitely high, and the increments of force

uniform and very slow, the phenomena would give the case represented, when

n'iv niv
00 >w— V

the resistance being infinitely great ; and when the velocity v becomes greater than

that of the wave w, sin 6 being = 0, the expression becomes negative, its

denominator having become negative, and the expression is reduced to

R"' =f>.{,».(l-f^)-.^} . . . (4.)

the expression of the case when the velocity is greater than that of the wave.

The line of resistance AP corresponding to Eq. (1.), is a parabola, AX being

the axis of the parabola, and AY the tangent of the vertex, the velocities being

represented by the ordinates parallel to AY, and the resistances being represented

by the abscissae parallel to AX ; A being the origin.— (See Fig. 9.)

The line of resistance AM2E corresponding to Eq. (2.), has all its abscissae
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less than those of the former curve, and a point of maximum when v = -g, and

of minimum when v = 2g.—(See Fig. 9.)

The hne of resistance (AW?wM,R) corresponding to Eq. (3.), lies above the

parabola, when -^_^ -is greater than ms \^ sin 6\ becomes infinite when

v^w and falls below the parabola, when the velocity becomes greater than that

of the wave, or when v -^ w.—(See Fig. 9.)

Fig. 9.

The lines of resistance derived from the experiments in Part III. are given

in Fig. 10 ;—velocities being measured on AY, and resistances being taken paral-
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lei to AX, the lines of resistance AB, AC, AD, AE, AF, and AG, being formed

from the Analysis of the Experiments of 1835, in pp. 100 and 101.

Fig. 10.

4 5 6 7 8 9

y
10 n 12 13 14 15 16 17 10 ly zo Y

Section VIII.

—

Practical Applications and Illustrations of the Law of the Wave

in the Navigation of Rivers and Shallmv Water.

Experienced river boatmen are well aware of a fact which receives its ex-

planation from Sect. III., that every large vessel moving with considerable velo-

city sends forward through the ^vater an intimation of its approach while it is

yet at a considerable distance, so much as several miles. This intimation consists

of a wave or series of waves, propagated in the fluid, with a greater velocity than

that of the vessel. A vessel that has ceased its motion, or suddenly varied its

velocity, will send forward a very large and defined wave with the velocity due

to the depth of the canal, and quite independent of its o^vn velocity. These waves

arrive at the place to which the vessel is moving long before she reaches it, and

sensibly increase the depth of the water in the channel. I have in this way ob-

served on the River Clyde the approach of a large steam-vessel, while yet at the

distance of '2k miles, the motion of the wave finding a beautiful index in the oscil-

lations of the tall masts of vessels at anchor as it passed them in successive tiers.

I have frequently been surprised by the appearance of such an indication, when

I had no reason to suspect the approach of a vessel, and have invariably found it

followed by the unexpected vessel. A distant storm in the ocean frequently gives
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a similar announcement, the waves moving with a velocity of 50 or 60 miles an

hour, breaking in a heavy ground-swell upon a remote beach.

The effect of the formation of waves with a greater velocity than that of the

vessel in forming an anterior accumulation, a posterior depression, and a stern

surge, as shewn in Sects. IV.—VI., furnishes a satisfactory explanation of the

phenomena of shallow navigation.

It is well known that it is extremely difficult to row or sail well in shallow

water ; this is the consequence of increased section of resistance from being be-

hind the wave. But if by strong impulse the vessel were placed on the wave, it

would then become easier than in deeper water at the same velocity. In water

two feet deep, it is very difficult to row 4 and 5 miles an hour, and compara-

tively easy at six, the one less, the other greater, than the velocity of the wave.

It is also found that in shallow water the stern of the vessel invariably takes the

ground while the bow remains free, although drawing at least equal depth of

water ; this is the direct result of the depression between the anterior wave and

the stern surge, as in Sects. IV. & V.

The difference of the immersion of a vessel below the surface of the fluid

when on the summit of its wave, or in the depression behind it. Sect. IV., ac-

counts satisfactorily for a long list of phenomena otherwise inexplicable. It has

long been observed, that a vessel in motion will take the ground in water that is

more than sufficient to float her when at rest, and it is equally well known that

there are circumstances in which a vessel when in motion, will pass over a shal-

low without touching the ground, while it is not covered with the depth of water

necessary for her statical floatation. Now, it is obvious, in the first instance, that

if the vessel move with a velocity less than that of the wave, the prow being on

the anterior wave, and the stern in the succeeding depression, the vessel will take

the ground, and probably carry away her helm ; while, if the vessel were poised

on the summit of the wave in a horizontal position of equilibrium, and with the

diminished immersion due to the velocity, much less depth of water would be

sufficient, than with the slower motion, or even than is required to float the vessel

in a state of rest. I have seen a vessel in flve feet water, and drawing only two

feet, take the ground in the hollow of a wave, having a velocity of about 8 miles an

hom-, whereas at 9 miles an hour, the keel was not within four feet of the

bottom.

A highly scientiflc friend of mine, Mr Smith of Philadelphia, member of the

Franklin Institute, has frequently observed in the Dutch canals, boats carrying

passengers, kept in floatation by communicating to them rapid motion in shallow

parts of canals, where they would otherwise have taken the ground, thus taking

the advantage of moving on the summit of the wave.

I have also been informed, on the best authority, of the following fact, ob-
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served by a gentleman, who was surprised by the phenomenon, although unable

to account for it, " The steam-boat Trenton, on the Delaware, in the United States,

by passing over shallow portions with a high velocity, carries with it a body of

water sufficient to float her over portions on which she would not have been float-

ed if at rest." The body of water was of course the wave, the velocity of the

vessel being above 13 miles an hour.

The navigation of the River Clyde presents excellent examples of the effect

of the motion of the wave, and affords ample opportunity for the application of

the principles developed in the preceding portions of the paper.

The wealth of an enterprising commercial community has enabled engineers

to convert one of the worst rivers for navigation into a good, although as yet only

shallow, channel. When the tide leaves the river, there are not more than six or

seven feet of water in many parts of the channel, the wave having a velocity of

about 9 miles an hour. Any observer looking attentively from the deck of a

vessel on the sloping bank of the river, will see delineated there very distinctly

the anterior wave preceding the bow of the vessel, the posterior depression, called

by sailors " the suction of the vessel," and the stem surge, as delineated in Plate II.

Fig.l, rushing along the bank with fury into the vacuity. It is invariably neces-

sary for vessels of considerable size to lower their velocity very much in such

places, to prevent their grounding in the depression of the wave. When two

vessels pass each other this effect is much more sensible, as at the instant when

the waves coincide, their elevation is equal to the sum of both, and when the de-

pressions coincide, the hollow is equal to the sum of both ; hence, although both

may have floated previously, at the instant of passing either may take the ground,

or both. It has on this account been found necessary to enact, that at low-water

vessels before passing each other shaU diminish their velocity. But if a velocity

greater than the wave, such as 11 or 12 miles an hour, could be attained, there

would no longer be any danger of grounding, or of lessening the speed, and thus

the navigation be materially improved. Another very curious fact I have also

observed on the Clyde, namely, that a vessel of greater power and velocity pass-

ing one of less power and velocity, wiU take the less powerful along with her in

the depression, the more rapid sending forward the wave before the bow of the

slower vessel, so as to obviate the immersion of the bow, and give her the impetus

of the stern surge. It is further evident, that in a river so shaUow as the Clyde,

velocities of 7, 8, or 9 miles an hour behind the wave are very disadvantageous

;

whereas, if a vessel could be started over the wave, her progress would be so

greatly facilitated, as to enable her with the same force to reach velocities of 12 or

13 miles an hour, when the stern surge would cease, and the danger of taking the

ground cease along with it.

In shallow rivers, where the water is in motion, very singular phenomena
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result from the wave, from which it will be apparent, that a given velocity against

the stream may, in certain circumstances, require less force to produce it, than

the same velocity in the direction of the stream. Thus I have seen the current

moved at the rate of about 1 mile an hour, and the wave about 4 miles an hour,

on the surface of the water ; when the velocity of the vessel, drawn against the

stream, was 4 miles an hour in regard to the land, it was before the wave with

diminished resistance, and when it was draAvn with the stream also at the rate

of 4 miles an hour, the vessel being then behind the wave, experienced the di-

rect resistance arising from that cause, the velocity of the wave in regard to the

land being in the one case 3, and in the other 5 miles an hour. Analogous phe-

nomena to this, of a very curious nature, are to be recognised in the motion

of a wave against a current. I have seen a wave move in the opposite direc-

tion to a stream, until it reached a rapid in which there existed a part of the

stream where the current had a velocity equal to that of the wave, and in the oppo-

site direction, and there, in consequence of the equality of velocities in opposite

directions, I have seen the wave come to rest, and retaining its form unchanged,

remain as a stationary heap of fluid, until, by the adhesion of the successive

portions of water, it was at last rendered insensible. From these remarks it will

be apparent, that the navigation of rivers may, in certain cases, be much facilitat-

ed by the action of the wave.

Section IX.

—

Applications and Illusti'ations of the Lam of the Wave in the Prac-

tical Navigation of Canals.

Canal navigation furnishes at once the most interesting illustrations of the

interference of the wave, and most important opportunities for the application of

its principles to an improved system of practice.

It is to the diminished anterior section of displacement, produced by raising

a vessel with a sudden impulse to the summit of the progressive wave, that a

very great improvement recently introduced into Canal transports owes its exist-

ence. As far as I am able to learn, the isolated fact was discovered accidentally

on the Glasgow and Ardrossan Canal of small dimensions. A spirited horse in

the boat of William Houston, Esq., one of the proprietors of the works, took

fright and ran off, dragging the boat with it, and it was then observed, to Mr
Houston's astonishment, that the foaming stern surge which used to devastate

the banks had ceased, and the vessel was carried on through water comparative-

ly smooth, with a resistance very greatly diminished. Mr Houston had the tact

to perceive the mercantile value of this fact to the Canal Company with which

he was connected, and devoted himself to introducing on that canal vessels mo-

ving with this high velocity. The result of this improvement was so valuable in a
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mercantile point of view, as to bring, from the conveyance of passengers at a

high velocity, a large increase of revenue to the Canal Proprietors. The passen-

gers and luggage are conveyed in light boats, about sixty feet long, and 6 feet

wide, made of thin sheet-iron, and drawn by a pair of horses. The boat starts

at a slow velocity behind the wave, and at a given signal it is by a sudden jerk

of the horses drawn up on the top of the wave, where it moves with diminished

resistance, at the rate of 7, 8, or 9 miles an hour.

It was a natm-al consequence of this successful mode of transport on this one

canal, that it should be immediately attempted on others, and numerous experi-

ments were accordingly made with varying results. In some canals, and with

certain vessels, similar phenomena were observed, and the like favourable results

obtained. But in others the experiment totally failed, as it was not found that

the tumult of the water subsided as in former cases, or that the resistance ex-

perienced any similar diminution. The cause of these variations was not then

known. Many experiments were made, which failed in eliciting any solution of

the difficulty. Many scientific and practical men, unable to account for such dis-

crepancies, satisfied themselves with an unquahfied denial of their existence,

while those who were eye-witnesses of the fact could not assign any satisfactory

cause.

It will not be difficult for us to account for these discrepancies, by what we
have brought to light regarding the law of wave. In the canal where the fact

was originally observed, having a depth of 3 or 4 feet, and a wave moving

at about 6 miles an hour, it is obvious that the resistance of the anterior wave

would only be encountered at velocities less than that of the wave, and the di-

minished resistance would be obtained by moving upon the wave, at a velocity

of more than 6 miles an hour. Now, in making the same attempt in canals that

were 5 or 6 feet deep, with a wave moving at the rate of eight miles an hour,

the resistance would not be observed to suffer any diminution, till the velocity

exceeded that of the wave ; but would accumulate rapidly up to that point.

While in canals that had a depth of 8 or 9 feet, and a wave moving at

eleven miles an hour, no diminution could be observed tiU a velocity above that

of the wave had been obtained, after which, the advantage of diminished ante-

rior section could be acquired. Since the discovery of the law of the wave, I

have had the experiments tried in such cases, the wave being passed, and the

boat carried along on its summit at the rate of thirteen mUes an hour.

When once the summit of the wave is attained, or its velocity exceeded, a

comparatively smaU force may sustain the motion. But the resistances increase

so rapidly in the vicinity of the wave, that this may become impracticable. If

the increase of the velocity up to that of the wave be very slow and continuous,

the waves will be closely crowded, and deeply accumulated around the bow of the
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vessel, so that an additional force will only increase the magnitude of the wave,

and thus adding to its velocity, prevent the vessel from penetrating through or

rising upon it. What I have stated accords perfectly with the experiments I

have given, and with the experience of practical men. In these experiments it

will be seen, that immediately behind the wave large increments of force are not

accompanied with similar increase of velocity, while at the instant of passing the

wave, the velocity makes with a given force a sudden transition to a higher ve-

locity. And so in experience it is found very difficult, or quite impracticable, to

pass the wave with a slowly accelerating motion, A sudden impulse from a low

to a high velocity is found to be the easiest mode of effecting the change, and the

method used is not to make the change immediately from a very high velocity

behind the wave, to a very high velocity before it ; but when it is intended to start

a vessel over the wave, the speed must first be allowed to diminish, until it become

nearly half of that of the wave, by which means the anterior wave is allowed to

pass away with its proper velocity from before the bow of the boat, the stern

surge is permitted to overtake it, and fill up the cavity behind the wave, and the

surface of the water is reduced more nearly to a plane ; and if now, in these cir-

cumstances, a sudden impulse be communicated to the vessel, it will easily attain

a velocity greater than that of the wave.

A change in the depth of a canal produces a very marked change in the re-

sistance in the vicinity of the wave. Certain portions of the Glasgow and Ar-

drossan Canal have their depth suddenly increased, and when a vessel that has

been moving on the summit of the wave reaches these points, it finds its velocity

diminished, in consequence of the wave having acquired a greater rapidity due to

the increased depth.

The wind acting on the surface of a long canal has a force sufficient to send

away so much of the fluid from one of its extremities, and accumulate it towards

the other, that in a canal running about twenty-five miles in a direction east and

west, a strong westerly wind will occasion a difference in depth of two feet,

being at the east end one foot more, and at the west end one foot less than five

feet, the average depth of the canal. It is observed in this case, that to maintain

the vessel over the wave, a greater force is required at the deeper end, and a

lessened force at the other.

In canals where the power of horses is applied to vessels navigating at

high velocities, much inconvenience will be experienced, and much loss incurred,

by giving to the water a depth which wiU produce a wave of so high a velocity,

as to approach the limit of the available speed of horses. When the depth ex-

ceeds seven or eight feet, the struggle to conquer the wave wiU take place at or

above nine miles an hour, being a velocity at which horses cannot advantageous-

ly exert much force above what is required for the transport of their own bodies

;
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and in such a case, in order to prevent any irregularity in the application of the

force from permitting a wave to pass' on before the vessel, the velocity will re-

quire to be maintained at twelve or thirteen miles an hour. Now, when the depth

is so much less as to comprise the velocity of the wave within the limits of mo^
derate exertion on the part of the horse, the higher velocities are gained without

injury to the animal, and a rate of nine or ten miles an hour is maintained with

certainty.

Two or three years ago, it happened that a large canal in England was
closed against general trade by want of water, drought having reduced the depth

from twelve to five feet. It was now found that the motion of the light boats

was rendered more easy than before ; the cause is obvious. The velocity of the

wave was so much reduced by the diminished depth, that instead of remaining

behind the wave, the vessels rode on its summit. I am also informed bv Mr
Smith of Philadelphia, that he remembers the cu-cumstance of having travel-

led on the Pennsylvanian canal in 1833, when one of the levels was not fully sup-

plied with water, the works having been recently executed, and not being yet per-

fectly finished. This canal was intended for five feet of water, but near Silvers-

ford the depth did not exceed two feet, and Mr Smith distinctly recollects having

observed to his astonishment, that, on entering this portion, the vessel ceased to

ground at the stern, and was drawn along with much greater apparent ease than

on the deeper portions of the canal.

In a canal where the velocity due to the wave is nearly coincident with that

velocity of transport which is found to be most desirable for the species of traf-

fic, (for example, ten or eleven miles an hour, as has been the case recently on

the Forth and Clyde Canal, whose maximum depth is about nine feet), in such a

case this velocity is either impracticable or very disadvantageous, giving rise to

a constant struggle with the wave. To solve the problem, however, the follow-

ing mode has been found efficient : one mile is performed at the rate of eight miles

an hour, being so far behind the wave as to suffer little from its accumulation on

the prow, and at the end of that mile the boat is brought to the bank where the

canal is shallow, and by starting the horses to a gallop of 13 or 14 miles an hour
^

for another mile, being in advance of the wave, and this process being continued

in alternate miles, a mean velocity of ten and a-half or eleven miles is attained

in the transport, at a resistance whose mean is less than the resistance of the

mean of the two velocities intermediate.

In every canal there must be two velocities, at which principally the trans-

port is conducted, one sufficiently far behind the wave to render its interference

inconsiderable, and another sufficiently in advance to give secmity against its

passing in small changes of moving power ; at a velocity one-half of that of the

I
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wave, and at another one-fourth part greater than the said velocity, both of these

objects will be attained.

When a canal is to be constructed for a given kind of transport, such a depth

ought to be selected as will admit of those velocities above and below the wave,

which are required for the trade of the canal, the velocity of the wave being as

far removed as possible from the velocities below it and above it.

When vessels only of a small draught of water are required for the trade,

the canal should be as shallow as possible, and when larger vessels are desirable,

the depth should be increased as much as possible, so as to remove the wave to

a distance beyond the velocity of the motion of the vessels, and prevent anterior

accumulation.

The breadth of the canal materially affects the resistance produced by the

wave, although it does not directly affect its velocity. By preventing the diffu-

sion of the wave, the narrowness of the canal increases the height of it, in conse-

quence of which the resistance to the lower velocities is augmented, and facilita-

tion in the higher velocities increased. But in general the depth is of much
more consequence than the breadth of the canal, as the retardation or facilitation

produced by the vicinity of the wave, is a quantity which may be made to bear

an almost infinite ratio to the other elements of resistance.

For slow velocities alone, a broad and deep canal, but especially deep, should

be made ; and for high velocities, a narrow and shallow one, especially shallow,

that the range of velocities may be extensive, and the velocity at which the wave

is to overcome small.

There are also certain relations to be observed between the velocity of the

wave, and the dimensions of the vessels of easiest transport, also between the

form of the vessel and that of the wave; but this is an inquiry which I have not

yet completed, but hope soon to terminate successfully. Relations have been

distinctly indicated, but not accurately defined.

It is perhaps worthy of remark, that a vessel on the summit of the wave is

more easily du'ected by the helm, than when behind it. In the latter case, the

vessel by her anterior immersion is prevented from answering the helm, while in

the former case, this obstruction being diminished, and the displaced fluid collect-

ed around the centre of gravity, horizontal rotation on the vertical axis passing

through the centre of gravity is less resisted by the fluid than formerly, in pro-

portion as the third power of their present distance from the particles of the

wave is less than the third power of their former distance from the centre of ro-

tation.

Another circumstance still more curious than the foregoing is, that at the

instant of passing one another at high velocities, vessels are much more deli-
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cately poised than at any other time ; the waves coinciding form a wave equal

to their sum, on which the centres of gravity receive an additional elevation.

It appears fi'om the experiments of 1835, that a vessel has conve^'^ed on a

canal given weights with the following forces :

—

Moving Force. Weight Moved. Velocity.

71.5 lbs. 19,222 lbs. 4 miles an hour

86 19,222 4.5

112.7 19,222 6.2

243 8,022 11.3

264 19,262 1.3.6

331 10,262 15.1

The examples are taken from the experiments made with the vessel named
" The Wave," which was constructed according to the form which I have assigned

as the solid of least resistance.

PART II.

The Experiments of 1834.

The experiments of 1834 were directed chiefly to the determination of the

velocity of the wave, the emersion due to the velocity, and the amount of animal

force required to overcome the resistance of the water at various velocities. The

experiments of 1835 were the result of the experience of 1834, in consequence of

which a vessel of a peculiar form had been constructed, and a mode of estimating

the absolute and comparative resistance of the fluid at various velocities, with

different vessels, and at several degrees of immersion, had been obtained, giving

results more accm-ate, more uniform, and more worthy of confidence than those

of the former year.

On the Velocity oftJie Wave.—The Progressive Wave, which forms the sub-

ject of these experiments, differs entu'ely in its nature and laws from the small

undulations or oscillations of a fluid Avhich are occasioned by the sudden elevation

or depression of a small portion of the fluid, in which case we have a series of

successive small undulations and depressions succeeding each other at nearly

equal intervals. The progressive wave, sent forward by a floating body in rapid

motion, is not necessarily preceded nor followed either by a depression, or an ele-

vation, or any series of such depressions or elevations, but is a single elevation.
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of a well defined form, moving with an uniform velocity along the surface of the

fluid ; the forms of the fluid vary, but maintain an obvious relation to one another;

they are of the same family of waves, or may be resolved into compounds of the

members of the same family. A few of those that have been carefully and fre-

quently observed, are given in Plate I. figs. 2, 3, 3 and 4.

The three first examples appear to be simple examples of the trochoid, a

curve that appears to comprehend all the elementary forms of the wave. Other

forms which make their appearance, seem to be compounds of these, into which

they may be resolved by a very simple analysis, as is done in the succeeding

figures. When one portion of such a compound wave is higher than another, I

have invariably observed the higher portion move more rapidly than the rest, and

finally separate itself, leaving the rest behind, and assuming a definite element-

ary form. Figs. 5, 6, and 7, shew the outline and analysis of some compound

waves, which afterwards resolved themselves into simple ones of the forms given

in Figs. 2, 3, or 4. -

.

The first series of experiments on the wave, were directed to the determination

of the relation between its velocity and the form and dimensions of the channel.

A sheltered situation and calm day were selected, so that the form of the waves

might be sufficiently perfect to enable the observers to mark with precision the

place of the summit of the wave. At the termination and the commencement of

distances that had been accurately measured, graduated rods were placed in a ver-

tical position, and careful observers, furnished with assistants and accurate chro-

nometers, were stationed opposite to each of them. A wave was generated by

giving rapid motion to a vessel, and then depriving it of motion at a given distance

from station A ; and at the instant of the coincidence of the summit of the wave

with the rod at A, a signal was communicated by sound to station B, the time of

the transit being recorded at A, and the time of the sound at B. The wave now
passed on towards B, and at the instant of its arrival time was observed at B,

and the time of the signal of arrival communicated to A was also registered by

chronometer A. Thus, without calculating the velocity of sound or ^, the time of

describing the space, or s, was determined ; for

s — ^ = difference of times at B.

s + ^ = difference of times at A,

" ^
•

^

,

—'^— = true time corrected for the velocity of sound.

The following observations were made at the experimental station at Her-

miston, where also almost all the experiments on resistance were subsequently

carried on.
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Experimental Station.—Union Canal.

Breadth at top

Breadth at bottom

Maximiun depth

= 40 feet,

= 30 feet,

:= 6.5 feet.

Clayey bottom.

Space = 1000 feet.

Space = 700 feet.

See Fig. E, PI. II.

Vel. = 11.730; 7.8473 miles.

Vel. = 11.362"; 78473 miles.

Vel. = 11.7713 ; 7.8369 miles.

Paisley and Ardrossan Canal.—Diimbreck Bridge.

Breadth at top = 28.27 feet.

Breadth at bottom ^ irregular.

Mean depth = 3.3 feet,

Muddy bottom.

)

See Fig. D, PI. II.

Exper.

14.

16.

16.

> Space := 566 feet.

Space = 820 feet.

Sees.

61

{.}
90

Ve = 9.114 ; 6.0972 miles.

Vel. =9.111; 6.0962 miles.

Slateford Aqueduct.—Union Canal.

Breadth at top = 12.33 feet.

Breadth at bottom =12.0 ...

Maximum depth =: 5.6 ...

Smooth iron bottom

Exper.

17.'
Sees.

p4 \

18. 34

19. 33

20. ) Space = 486 feet, <! 33 >

21. 35

22, 34

23.
y

I 36

See Fig.. A, PI. II.

Vel. = 14.352 ; 7.6944 miles.



THE EXPERIMENTS OF 1834. 87

Expet.

24. \

26.

26.

27.

28.

29.

30.

31.

32./

Exper.

33.

34.

35.
j

Exper.

36.

37.

38.

39.

40.

41.

Same station.

Depth diminished until = 3.4 feet.

Space = 160 feet.

Sees.

''
\

14

15

14

14
;>

14

14

14

V14.5,

Vel. = 10.593; 7.0867 miles.

This experiment was made under the

superintendence of Mr Ellis.

Glasgow and Ardrossan Canal.—Port Eglinton.

Breadth variable, with vertical sides.

Depth 5.6 feet.

Space =r: 501 feet, Vel. = 17.431 ; 8.3163 miles.

Union Canal.—Tunnel.

Breadth at top = 17.76,

Breadth at bottom = 11.00,

Depth =: 6.5 nearly

Rocky bottom, irregular.

• See Figs. B & C, PI. II.

Space = 2038 feet, Vel. = 13.208 ; 8.8361 miles.

On the velocity of waves in regard to their height above the surface of the

water, the following experiment was made.

Experimental Station.—Hermiston.

Exper

42.

4.3.

44.

46.

Height.

6 in.

Space = 700 feet.

Sees.

61.5

61.76

62.5

63.6

The following series of experiments were made with the view of determining

whether the velocity of the wave remained unchanged during the whole of its

progress, or varied with the distance over which it had travelled. I may observe

as a matter of some interest, that when the wave had to traverse 1000 feet before

arriving at the first station of observation it had to encounter a change in the

direction of the canal, equal to a curved deflexion of 90° ; and where it passed over
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2500 feet, it had been deflected thi'ough double that quantity. The spaces mark-

ed as the distances of generation are exclusive of the distance between the sta-

tions A and B = 700 feet.

Experimental Station.—Hermiston,

Space traversed by the wave ft-om A to B : 700 feet.

60. \
61. )

Wave generated close

to A.

Wave generated 500

feet from A^

Wave generated 1000

feet from A,

Wave 1500 feet from A,

Wave 2500 feet from A,

Height B.

Inches.

5

5

6

5

4.6

2

2

2

2

2

2

2

Time.

Mean Velocity = 11.359 feet per second ^=

7.69315 miles.

Mean Velocity := 11.290 feet per second =:

7.553010 miles.

Mean Velocity = 11.200 feet per second =:

7.49280 miles.

63.5 Mean Vel. = 11.023 ft. per sec. = 7.37438 miles.

64.6 Mean Vel. = 10.852 ft. per sec. = 7.259988 m.

In these examples no particular velocity was employed for generating the

wave. A vessel was put in pretty rapid motion by a couple of horses, over a

space of about 500 feet, and was then suddenly stopped, so as to allow the water

it had set in motion to move forward before the vessel in the form of a wave, and

the velocity of the wave w^as then measured from a mark at a station of observa-

tion to that of another station whose distance was known. These examples which

have been given comprehend the waves of a considerable variety of velocities of

motion. The following observations were made with this view alone, of deter-

mining whether the velocity of the vessel had any influence on that of the wave,

from which the influence appears to be insensible.

Exper.

58.

59.

60.

61.

62.

63.

Space 700 feet.

'^elocity of Boat.

Miles per hour.

/ 6 \

Time.

Sees.

62

3 61

10 61
<

7
>

62

7 62

.
4, 61.6

From these experiments it appears that the velocity of the wave, is that ac-

quired by a heavy body falling through a space equal to half the depth of the

fluid, and that the velocity appears to vary with the magnitude of the wave very

nearly in the ratio which is obtained by supposing the depth of the fluid increased

by a quantity equal to the height of the wave, so that the variations of velocity
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in a given depth may be traced to the varying height of the wave, the mean height

in these experiments having been three or four inches. When the depth of the

cross-section of the channel varies, the velocity is nearly the mean of the velo-

cities due to the depths. For the more perfect determination of the laws of the

motion of waves, I have begun a series of experiments extending through a much

more extensive range of dimensions ; those made in 1834 having been almost ex-

clusively made in reference alone to their connection with the law of resistance.

On Resistance and Immersion.—For the purpose of conducting the inquiries re-

garding the immersion of bodies moving at high velocities, and the resistance of

the fluid at these velocities, an experimental vessel was constructed, a very light

skiff, capable of containing four or six observers, with the apparatus of experi-

ment. The " skiff" was constructed of iron plates, extremely thin, and only

weighed 430 lbs. The length of the skiff was 31.25 feet, breadth 4 feet, and her

figure as given in Plate III. This vessel has been drawn by a highly-bred

horse, at a rate of more than 20 miles an hour. The skiff carried the following

apparatus.

(1.) Two forms of the tube of Pitot P' V" V"\ Plate III. Fig. 5. P' being

the aperture exposed to the water, P' P" a long tube, separating into two branches

communicating by stop-cocks with P" P'", two vertical glass tubes carrying gra-

duated scales, one connected with the open tubes being graduated in inches and

decimals, zero being at the level of the fluid, to be used for low velocities, and the

other for higher velocities, graduating so as to indicate, by the compression of air

in a ball on the top of the tube, the height to which the water would have been

sustained in an open tube of unlimited length. The observations made with

Pitot's tube do not in any respect vary from those given by others, and generally

received as correct. The tubes of Pitot were only useful as giving an index of

velocity of considerable extent, and giving variable indices of velocity cotempo-

raneous with the variations of moving force. The observations with the tubes

served to confirm those of the chronometers as indices of velocity.

(2.) Gauges of Immersion.—Many modes have been attempted of determining

whether the immersion of a floating body in motion be variable or constant. Rods

have been applied vertically between the gunwale of the vessel and the surface

of the water, but the change of form caused by the currents of the fluid and its

waves have interfered with this method. Lines stretched above the vessel, so as

to measure the distance between the summit of the vessel and the fixed string in

the two states of motion and rest have indicated an elevation, but have not given

the means of distinguishing whether this elevation consisted of the fluid rising

along with the vessel, or the vessel emerging from the fluid, or both of these

causes united or modifying each other. The method I have used is this : into

apertures pierced in the bottom of the vessel glass-tubes, open at both ends, and

VOL. XIV. PART I. M
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graduated in decimals of an inch, were inserted, as Tj, Tj, T3, T4, T5, Te, Plate III.

Fig. 5, into which the external fluid was pressed up to the level of the surface

of the quiescent fluid. The action of these gauges was found veiy delicate, a

slight variation in the position of the tube, or a trivial error in the formation of

its aperture at the bottom, giving irregular results. The value of the indications of

the tubes was determined by drawing the vessel in opposite du-ections, which im-

mediately shewed which of the tubes were affected by errors of position :—those

which were free from such errors were selected for observation, and their indica-

tions are given in the following experiments.

(3.) Dynamometers.—Much has been written on the subject of dynamometers,

and much in praise of a species of that instrument, in which the minor oscillations

ofthe moving force, or the variations ofthe resistance, are suppressed, and onlysome

unloiown function of these variations supposed to approximate to their sum, or ra-

ther their mean is exhibited, this effect being produced bythe application ofthe well-

known principle of the retardation of a fluid passed through a very small aperture.

I made trial of a very simple dynamometer formed on this principle, which was very

accurately constructed for me by Mr John Adie. A helical spring contained in

a cylinder, was compressed by a piston, which communicated through the piston-

rod with the moving power. The cylinder being closed was filled with oil, and a

communication between opposite ends of the cylinder effected through an exter-

nal tube, governed by a stopcock. The stopcock gave the means of retarding or

facilitating the passage of the fluid, and enabled the observer to render the posi-

tion of the index more or less stable, by turning the stopcock in such a way as to

facilitate or retard the motion of the fluid in the variations of force. I had at

first considerable faith in this species of instrument. It certainly accomplished

the purpose of giving a stable instead of an oscillatory indication, an indication

easily observed. But it may be questioned, whether it be really a desideratum to

obtain indications which have not the variations of the subjects themselves that

are to be measured. The indications of the instrument are in truth false, or at

least they only shew what effect the action of a desultory force produces on the

motion of the fluid of the instrument itself. In applying this instrument to the

measurement of the resistance of fluids, when the resistance is by no means very

desultor}'-, it is most desirable that the variations of the power should be apparent,

instead of being rendered latent. It is obvious that the force communicated by

jolts to a body in motion, produces effects that are so widely different from those

of uniform pressure, that the sum of the impulses due to a given velocity is very

different in its effect from a uniform pressure equal to that sum.

The disadvantages of using a desultory power like that of horses in producing

motion, to which the resistance is like that of a fluid continuous, are very great.

The following examples at velocities almost precisely equal, made with the same
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bodies, and in the same circumstances, as indicated by the compensating djnaa-

mometers, will shew the comparative effects of a variation in the action of the

power.

Example I. Example II.

Trotting,

Cantering,

Force indicated.

95 lb.
I

100 ...

^
108 ... )

Same velocity.

Mean = 101 lb.

Trotting,

Mean = 101 lb.

Cantering,

Force indicated.

67'. Space = 1000 feet.

66'. Space = 1000 feet.

The specimen of the dynamical effect of trotting which I have given in Ex-

ample II., is the most perfect specimen I have ever been able to obtain, and was

obtained by a very powerful well-bred, well-trained horse, which was ridden in a

very superior manner. Out of an immense number of experiments made with

horse-power, I have been able to obtain comparatively few in which the differences

of the successive impulses were sufficiently small to admit of an arithmetical

mean being used to represent a constant force. All the others were of course

comparatively valueless, except as illustrative of the manner in which the power of

horses was applied in overcoming the peculiar mode of resistance of the fluid.

Although, therefore, during 1834, I made a very great number of experiments

on the resistance of various vessels, in various conditions of immersion, and at

many different velocities, in which the direct power of horses was applied, and

measured by the action of the dynamometer I have described as the fluid d3Tia-

mometer, and with the ordinary dynamometer, I am now disposed to place little

faith in those where the application of the force deviated widely from uniformity,

especially when absolute measures of the resistances are required, or delicate

comparisons instituted. For observations on which we may rely implicitly as mea-

sures of resistance, I refer with perfect confidence to the experiments of 1835,

which were made with continuous power, and under the improved arrangements

which the experience of 1834 had dictated. I give here, however, a set of expe-

riments of 1834, which were obtained after long experience had enabled us to

render the variations of our desultory power as small as possible, assigning to

them that degree of value only which the approximation to uniformity may ap-

pear to entitle them.
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Experiments of 1834, with the Skiff;

The motion being produced by the direct application of the power of horses.

Weight of the Skiff, 810 lb.

Weight of observers, ballast, &c 430...

Total Weight moved, 1240 . .

.

Depth of immersion by the gauges at the centre P" when at rest, 2.7 inches.

Length of the Skiff on the gunwale, 31.25 feet.

Length of the Skiff on the keel, 30.75 ...

Maximum breadth, 4.21 ...

For the form of the Skiff, see Plate III. Fig. 5.

The first column contains the space described during the experiment ; the

second column consists of the resistances as registered at the commencement of the

space, at the end of the space, and at equidistant points of division ; the third

column consists of the time in which the space was described ; the fourth the

velocity in miles per hour ; and the fifth contains the indications of the gauges of

immersion.

Space.

Feet.

Moving Force.

Lbs. ,

Time.

Sees.

Velocity.

Miles per hour.

Immersiort.

Inches.

600 113 8.0108 2.0

500 86 4.0096 2.6

500 80 4.2613 2.4

1000 132 5.1652 2.2

500 60 5.6816 2.2

1000 116 5.9288 2.0
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S|)ace.

Feet.

Moving Force.

Lbs.

55

Time.

Sees.

Velocity.

Miles per hour.

Immersion.

Inches.

500 53 6.4318 1.9

600 47 7.2534 1.8

1000

1000

85

75

8.11

9.1G4

2.2

2.3

1000 74 0.1 G 2.0

1000 67 10.237 2.0

1000

500

58

17

11.755

20

1.9

1.5

In the last experiment the vessel had been lightened, so as to draw only 2 inches,

and retained only one individual, who executed the duties both of directing the

vessel, and observing the gauges of immersion. It was not found practicable to

obsei"ve the oscillations of a moving force so impetuous.

The experiments which have been given, afford the means of estimating the
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value of the following Table. To remove the appearance of affectation of supe-

rior accuracy, where the nature of the indications, and the subject of measure-

ment, would not bear out the degree of apparent precision given by such figures,

fractions of a pound have been omitted, as the experience of making these expe-

riments has shewn me that errors of directing the vessel, and the resistance of

the helm, must have affected the result to an amount gi-eater than any such frac-

tion. In general, I have endeavoured to render the apparent precision of number

indicated a measure of the precision of the observation, having never allowed the

indications to be read off with greater minuteness than the total of the probable

error.

The following Table; formed from the Experiments of 1834, Avith the Skiff, re-

gards only the resistance of the vessel. The vessel was steered within three feet

of the line of motion of the horse, the line was sixty feet long, reducing the cor-

rection for the deviation of the line of traction from the line of the keel to a very

small quantity ; this correction has not been applied in the following table, which

contains the experiments exactly as made. The fii'st column gives the time of

describing 500 feet ; columns second and third giving the velocity ; the fourth

column contains the mean motive force applied at these velocities; the fifth

column shews the number of feet described from which the observations have been

drawn ; and the sixth column is a table of squares of velocities, and affords the

means of comparing the law of the squares with the real laAv of resistance.

From the small immersion of the Skiff, her wave was small, and the velocity of a

wave equal to that generated by her motion is given in the table as observed by

experiment.

The Skiff.

Time to
500 Feet.

Velocity in

Feet.

Miles per
Hour.

Motive Power
in lbs.

No. of Expe-
riments made.

Ratio of
Squares of
Velocities.

Remarks.

s.

113
85
80
66
64
60
59
57.5

58
56.5

53
48.5

47

4.42

5.88

6.25

7.58

7.81

8.33

8.45

8.62

8.69

8.85

9.43

10.30

10.64

3.0168

4.0096

4.2613
5.1652

5.3248

5.6816

5.1111
5.8789
5.9288
6.0335
6.4318

7.0290
7.2534

lO.l

17.6

18.6

26.7

27.5

39.0

48.0

50.2

51.2

55.

61.

79.

82.5

Five
Three
Three
Seven
Four
Four
Two
Four
Six

Nine
Five

Seven

9.1011

16.095

18.158

26.669

28.353
32.280

33.882
34.561

35.151

36.403
41.368

49.407

52.612

Weight of Skiff3 cwt.

941bs.; load in Skiff

7 cwt. 26 lbs. To-
tal 1240 lbs. Length
of Skiff 31 feet 3
inches, gunwale 30
feet 3 inches keel

;

maximum breadth 4
feet 2i inches.

/Velocity of Wave
J 2 inches high,

j
= 10.853 feet,

' = 7.3997 miles.
42
40
37.2
35
33.3

29

11.90

12.50

13.44

14.28

15.01

16.90

8.1168
8.6228

9.1642

9.7403

10.2370

11.7555

82.5

81.1

86.3

89.2

107.

111.

Three
Nine
Twenty-one
Twelve
Nine
Six

65.882

72.368
83.982

94.873

107.86

188.19
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PART III.

The investigations of 1834 had established the principal points in the rela-

tion between the resistance of a fluid, the diminished immersion, and the velocity

of the wave. The prominent features in the representation of the law had been

traced, but the outline being in many parts faintly and ambiguously given, re-

quired to be retouched, corrected, and filled in. The power of horses, which

had been used as the moving force, was desultory in its action, so that the mea-

sure of the force employed did not always afford the means of obtaining even a

tolerable approximation to an accurate measure of resistance at a uniform velo-

city. Yet the power of horses had this advantage, that it could be continued for

a much greater length of time, and over a much longer space, than that obtained

by the action of a falling weight, or any other convenient mechanical means. For

small models, indeed, it would have been sufficiently simple to provide, as has

frequently been done, the means of applying a continuous moving force ; but I was

not, in 1834, in possession of any plan by which this object could be accomplished,

so as to obtain a continuous moving power, acting through a great space, to ge-

nerate high velocities in vessels of large size carrying considerable weights. In

1835, I had, however, attained this desideratum.

The means of obtaining the continuous action of a moving force with great

power and through a great space, were very simply and conveniently obtained

;

and as the method may be useful to other inquirers, I shall on that account de-

scribe it more particularly than might perhaps be necessary for the mere purpose

of appreciating the experiments conducted with it. The method which has been

previously used for obtaining the power by means of a weight, has been by sus-

pending that weight from an elevated structure by strands of rope passing over

pulleys, by which a given weight, in falling through a given space, acts through

one of the strands so as to move the end of the rope through a space greater than

the space through which it falls by as much as the number of strands exceeds

unity. In this case the weight to be raised, in order to obtain a given power, in-

creases so rapidly with the increase of the space and the friction of the pulleys,

and the effect of rigidity increases so rapidly along with it, that the limit of

practicability, and, at all events of inconvenience, is very soon attained. Fur-

ther, after one experiment has been obtained by an apparatus of this kind, con-

siderable time must elapse before the we'ght is again elevated, and the rope dravni

out to its former station for commencing another experiment. In the method

which I have adopted, the weight never requires to exceed twice the moving force

required, plus friction and rigidity, for five pulleys ; the weight requires no increase

for the space moved over, except for the friction of the additional horizontal
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rope on its supporters ; and when one experiment has been completed, the ar-

rangements are thereby made for instantly beginning- the succeeding experiment.

The mode was this : A pjTamidal framing (see Plate III. fig. 6.), was raised to a

lieight of 75 feet, formed by four logs of pine rising from the comers of a square

of 45 feet, and firmly united at the apex, so as to give attachment to two fixed

pulleys, and the structure was made rigid by an oblique framing of spars and

ropes. This structure was placed on the bank of the sheet of water at the Expe-

rimental Station close to the Bridge of Hermiston, from which there extends a

line of bank in a straight line of more than 1500 feet in length, which was accu-

rately divided by painted rods into equal portions. Through the two pulleys (C)

at the top of the framing were passed the two ends of the rope, and fi-om the in-

termediate part of the rope, by means of a moveable pulley (D), was suspended

the moving weight. The two ends of the rope that had been passed over the pul-

leys at the vertex of the pyramid Avere thus brought down to a point (B), raised

6 feet above the level of the water, where they were passed through two other

pulleys fixed in the pile of masonry forming one of the piers of the bridge. This

forms the whole of the apparatus for the application of the moving force.

The pyramid being placed at one end of the station, the vessel subjected to

experiment was brought to the other end, and one end of the rope of the pyramid

was brought along the whole length of the station and attached to (E) the bow of

the vessel. Horses were attached (A) to the other end of the rope, which was cut

short after leaving the pulleys fixed in the masonry. The horses now started,

and having first tightened the rope, began to elevate the Aveight towards the top of

the pyramid. But the other end of the rope fixed to the bow of the vessel had to

sustain a tension in raising the weight equal to the part acted on by the horses,

and, in consequence of this action, the vessel would have begun to move at the

same time at which the horses began to raise the weight, but the vessel had been

previously fixed by the stern-post to the bank, and thus a reaction was obtained

to sustain the weight. When, however, the observers in the vessel observed the

weight rise to a given height in the p^n^-amid, they withdrew a small catch in the

stern fastenings of the vessel, and she immediately proceeded towards the pyra-

mid. In the mean time, however, the motion of the vessel allowed the weight to

fall towards the ground, which it would have reached when the vessel had moved

through a space equal to twice its original elevation, had the horses been allowed,

after having raised the weight, to stand still ; but as they were urged to a motion

at their end of the rope with the same velocity which the vessel acquired at the

other end of the rope, the weight was kept at rest in the air ; or if the horses

moved either a little slower or a little faster than the boat, the effect was merely

to allow the weight to ascend or descend in the p}Tamid with a velocit}^ equal to

half the difference of the velocities of the horses and the vessel, and thus the dif-

ference of the action of the horses was not sensible in the force acting on the
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vessel. When the horses had arrived at that end of the station from which the

vessel had commenced its motion, the vessel had reached the point from which

they had started.

The apparatus was now ready for the succeeding experiment, one end of the

rope being at the pyramid and the other at the starting-point. The vessel was

immediately drawn back to the starting-point while the horses were returning to

the pyramid, and being again attached to the extremities of the rope, the next

experiment was begun.

It was found that considerable time elapsed before the vessel attained the

uniform velocity due to the moving force, and therefore the vessel was put in mo-

tion through a considerable space previous to making the observations. Where

this proved inconvenient, a very simple mode was used of attaining a higher ve-

locity, which was by the attachment of an additional weight (F) by a rope about 50

feet long to the former weight in the pyramid, so that this weight should rest on

the ground, unless the principal weight were raised to a height greater than 5

feet, in which case alone the additional weight would be called into action. By
this means it was easy, on commencing the experiment, to keep the principal

weight so high as to raise the additional weight to produce the required accelera-

tion, and afterwards, before commencing the observations, to allow it, by resting

on the ground, to cease from acting on the vessel. The velocity due to the moving

force was thus attained in a shorter time than would otherwise have been neces-

sary.

The observations were made in the vessel upon time and resistance, the rope

through which the propelling force was applied being attached to the vessel by

the hook of an accurate spring dynamometer, indicated the resistance in pounds,

and accurate chronometers gave the time. One observer being placed so as to

have a line of sight at right angles to the line of motion, communicated by sound

the instant of passing the rods placed at equal distances along the bank, and at

the same instant the time was read off by a second observer, and written down
on paper by a third ; a fourth observer read off the indications of the dynamome-

ter at the same instant, and they were registered opposite to the instant of time

to which their observation corresponded ; and, for the sake of accuracy, two copies

of this register were kept. The indications of this register form the body of ex-

periments of 1835.

The experunents of 1835 were conducted on the following vessels :

—

The Wave, . . No. I.

The Dirleton, . No. II.

The Raith, . . No. III.

The Houston, . No. IV.

The first of these having been made the subject of experiment at seven different

VOL, XIV. PART I. N
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degrees of immersion, and each of the others at three, are equivalent to experi-

ments upon sixteen vessels of sixteen different forais.

The forms of the vessels are she^Ti in Plate III., being projected at an angle

of the line of vision sin. — i = ^. The " water lines of the entrance and of the

run" are shewn below the projections of each vessel, as taken at successive heights

of 6 inches. The comparisons of form may thus be easily made.

The principal dimensions of the vessels were nearly identical. The maximum
breadth at the gunwale being about 6 feet, and the length, exclusive of the hehn,

69 feet, there being added to this in the case of the " Wave" a cutwater or very

sharp part of the bow 6 feet long, and of very small capacity.

The Wave is a vessel of very peculiar form. My observations on the nature

of the resistance of fluids in 1834 suggested a form of least resistance. The

Wave was built of that form, and answered fully, and even surpassed the expec-

tations I had formed of the facility of her motion. The lines of entrance are pa-

rabolic tangent arcs, having a point of contrary flexure between the maximum
transverse section and the stem. The run is formed of elliptical arches, and is

by no means so fine as runs usually are. It has long been matter of observation

with me, that the maximum resistance to a vessel of ordinary form is experienced

in the immediate vicinity of the stem,—that the water there is thrown aside with

a velocity much gi-eater than is requisite to remove the particles from the portions

of space to be passed over by the succeeding points of the bow. This " head of

water" at the bow, instead of being merely thrown aside, is also thrown upward

and forward, so as very much to increase the resistance beyond what appears ne-

cessary for the transit of the vessel. It occurred to me as probable that a form

of vessel might perhaps be obtained, which would not at any given velocity raise

a head of water above the level, but merely give to the particles displaced the mi-

nimmn possible of lateral motion required to permit the transit of the vessel. The

theoretical law of least displacement, which I imagined gave me the equation of a

curve, which appeared to me to be a curve of minimum resistance. That this

curve would be the curve of least resistance I could not a priori determine ; but

it appeared to me that an experimentum crucis might decide the question after

the vessel was built. The experiment was simply to give the vessel a very high

velocity, such as 17 miles an hour, and if it should then be found that no particle

of water had any motion communicated to it except simply what was necessary

for the passage of the vessel, if no spray were thrown up before the vessel or dashed

aside by the prow ; if, in fact, the vessel, on entering smooth water, should pass

into it leaving the surface still unrufiled, and producing no motion among the par-

ticles but what was the necessary result of mere repletion, by the presence of an

additional body, then I should be warranted in denominating such a body the

solid of least resistance. This experiment was actually tried. The vessel was
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built of this form (as given in Plate III. fig. 1), and was named " The Wave ;" and

it is a remarkable fact that, even when deeply laden, and when urged to a velocity

of 17 miles an hour, there is no spray, no foam, no surge, no head of water at the

prow, but the water is parted smoothly and evenly asunder, and quietly unites

after the passage of the vessel, without having changed the natural relations of

its particles to one another. Adhesion alone to the surface of the vessel drags

forward a film of adjacent fluid, all else remains quiet and smooth.

The three other vessels, the Dirleton, the Raith, and the Houston, were built

on the models of Mr John Wood of Greenock, a gentleman of much scientific

knowledge and great practical skill ; they are much more nearly analogous to the

ordinary forms given to sea-going vessels. The Dirleton is the most recent and

the best vessel ; the Raith and the Houston are inferior and older.

It is worthy of remark, that the Wave is the sharpest vessel, the Dirleton

next to her, the Raith third, and the Houston the most bluff" in the entrance

;

that the Wave is fullest, the Dirleton next to her, the Raith next, and the Hous-

ton most fine in the run. From the experiments it would seem, that a fine en-

trance is of much more importance to velocity than has been hitherto supposed,

and that a fine run is by no means entitled to the importance that has been at-

tached to it. It should also be observed, that the increase of immersion causes a

very great increase of resistance in the three last vessels, and comparatively little

in the Wave ; and that the water-lines become bluff" as they descend, but retain

the original curve in the Wave.

Table I. contains the Results of the Experiments of 1835, arranged in refe-

rence to the Velocity of the Wave of the Fluid, and is deduced from Tables II,

HI, IV, and V.

Table II. contains the Original Experiments of 1835 on the Wave, the form

of vessel given in Plate III. fig. 1.

Table HI. contains the Original Experiments of 1835 on the Houston. The

form of the vessel is given in Plate HI. fig. 3.

Table IV. contains the Original Experiments of 1835 on the Dirleton. The

form of this vessel is given in Plate HI. fig. 2.

Table V. contains the Original Experiments of 1835 on the Raith. The

form of this vessel is given in Plate III. fig. 4.
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Analytical Table of the Results of the Experiments of 1835, upon the Resistance of four Vessels 3

TABLE I.

Total mass moved in lbs.

Immersion in the fluid,

WAVE.—Pl. III. Fig. 1.

Velocity in

miles an hour.

3

J5

CO

>
a

o
>,

'o
o ,

>

.J3

O

>

-u .^ rS

^g CD

"^ n^ 'i

5^ 2 -I

3.7879
3.8961

4.0107

4.1322
4.2613

4.3988
4.6464
4.7229

4.8702

6.0508
6.2448

6.4546

5.6818

5.9289

6.1983

6.4936

6.8182

7.1770

7.5758

8.5227
9.0491

9.6955

10.4895
11.3684
12.3967

13.6364
15.1515

Resiatance in

pounds.

30.0

32.0

34.4

40.6

44.0

53.8

73.3

88.6

f 93.5

\119.0
( 100.0

1131.7

fl31.7

1174.0

168.0

189.5

212.3

222.0

I. Ton.

8,022

13.5 in.

Resistance in
pounds.

32.0

33.7

36.5

42.8

61.0

56.0

76.0

f 95.7

\110.0
120.0)

197.0/
166.0

199.3

217.0

265.0

II, Tons.

10,262

15.0 in.

Resistance in
pounds.

39.0

47.6

76.0

f 82.6

\108.0

/ 91.0

\165.0
103.0

193.0

133.5

III. Tons.

12,502

16.5 in.

Resistance in
pounds.

42.7

76.0

206,

240,

225.0

320.0

.0)

.0/

/ 232.01

1298.0/

329
336s\

IV. Tons.

14,742

18.0 in.

Resistance in

pounds.

40.2

62.3

83.3

84.0

V. Tons.

16,982

19.0 in.

Resistance in

pounds.

58.6

64.6

79.0

90.0

95.0

100.5

112.0

142.0

1.3.32.0

1300.0

1372.0

1386.0

13922}

VI. Tons.

19,222

20.0 in.

Resistance in

pounds.

74.0

81.3

95.5

(121.6)

\155.0J

188.0

/312.0\

\384,0J

Total mml

ImmersioB.1

Velocity in C»t
i

pec iecund

5.55

5.71

5.88

6.06

6.2.5

6.45

6.60

6.89

7.14

7.40

7.69

7.99

8.33

8.69

9.09

9.52

10.00

10.52

111.1

The Velocity of the Wave of the Fluid in these Experiments was about Eight miles an 1

214.0

210.0

227.3

245.5

236.0

333.0

362.0

444.0

344.0

408.0

12.50

18.33

14.28

15.38

16.16

18.18

20.00

22.22

Note.—The double observations shew a variation in the resistance at the same velocity of which the cause is to be found in theiftl*

given velocity its height is small, and the resistance is also small ; but when the velocity has been acquired by small increments due

and the resistance arising from it is also increased ; thus in the vicinity of the wave, and immediately behind it, the history of the

tions.
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] Depths of Immersion, giving measures of resistance for sixteen forms of the floating body.

RLETON.—Pl. III. Fig. 2. HOUSTON.—Pi,. III. F IG. 3. RAITH.—Pl. Ill . Fig. 4.

IT. II. Tons. IV. Tons. Light. II. Tons. IV. Tons. Light. 11. Tons. IV. Tons.

9 10,339 14,819 6,076 10,556 16,036 5,859 10,339 14,819 Total mass.

in. 13.5 in. 16.0 in. 7.3 in. 11.0 in. 15.0 in. 7.5 in. 11.0 in. 15.0 in. Immersion.

ice in Resistance in Resistance in Resistance in Resistance in F esistance in Resistance in Resistance in Resistance in Squares of
Is. pounds. pounds. pounds. pounds. pounds. pounds. pounds. pounds. Velocity.

... 42.0 ... ... ... ... ... ... 14.8482
15.1796

47.3 46,6 ... ... ... ... ... ... 16.0867
17.0763

)

52.5

... ... 60.0 ... ... ... 18.1592

19.3497
•

37.'5
> • 66.0 40.'2

... *•• 20.6612

54.0

44.0 64.6

... ...

81.0

... 22.1106
23.7182

... 109.5 53.0 .•• ... •• ... • •• 25.6076

... 114.0 ... 72.7 ... 60.0 83.0 116.0 27.5075

... 117.0 ... ... ... ... • •• ... 29.7521

99.7
(126.0\

ll44.0/
88.0 ... 166.5 ... 103.6

(148.0)

1180.0/
32.2838

114.7 ... ... ... j
[ 172.5 \
1255.0/

... ... ... 36.1611

5 J 133.5

1169.0

169.01

235.0/
98.0 197.0 -

1252.0

1279.0

87.0

98.0
126.7

218.0

110.0)

294.0/
38.4195

(177.0\
1210.0/

(196.0 i

1268.0 1

288.0 100.0)

166.0/
( 306.0)

1357.0/
42.1666«* • •

[324.0
...

>

(216.0)

\285.0j
... 196.0 ... ... ... ... • • 48.4876

3 ...
(181.0\
(210.0/

... ... ... ... ... 51.6088

(255.01

1842.0/
... ...

306.0\
830.0/

...
(163.0)

1189.0/
262.0 ... 67.3921

ve fee t per second
j

• the form an(1 fHinensions Df the channel ai•e given in Plate II. Fig, E.

[) 328.0 ...
1 1

72.6369
3 • 234.0 ... . • . • . • • 81.8869

• > • • 225.0 94.0628
, 241.5 • • • • • • 110.0290
J ... . •

.

• • • • • • • 129.1326
, . .

.

... • • • > • • • • • ... 163.6784
, . .

.

• * ;> • • • . • > ... 185.9504
... 229.6683

The magnitude of the wave depends upon the wave's age in such a mannerj that when the vessel has been rapidly brought to a

)le interval of time, the anterior waves have accumulated in the direction of the motion, and the height of the wave is increased

variations in the resistance of the fluid to a given body moving with a given velocity, and is the source of the double observa"
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TABLE II. THE WAVE.

No. OF Experiments.
Weight of
Ballast.

Total
Weight
Moved.

Depth of
Immersion.

Weight on
Pyramid.

Time of com-
mencing Obser-
vation.

Resistance
at 0.

ino Feet. 200 Feet. 300 Feet

Time. Force. Time. Force. Time. Fottt

Lbs. Lbs. Inches. h m s Lbs. s s s

( III. 0000 5782 11 2 cwt. 8 6 63 30.0 21 30 20 30.0 19 29.3

IV. 0000 5782 11 3 cwt. 8 26 46 32 16 32 16 35.5 13 39.0

V. 0000 6782 11 3 cwt. 9 48 22 36.6 16 37.3 14 44.0 14 45.?

VI. 0000 5782 11 3 cwt. 10 2 4 28.0 16 37.3 15 39.0 15 39.«

VII. 0000 6782 11 4 cwt. 10 23 9 39.0 13
(40.31

\41.5|
12

{42:7}
12 (47.5

I5I.O

CO
00

VIII. 0000 5782 11 4 cwt. 10 40 16 62.3 13 (53.6\
154.71

12 (54.7)

170.0/
10 (70.0

173.0
1—t

IX. 0000 5782 11 4 cwt. 11 30 47.5 12
(53.6\
(56.0/

13
(56.0)

156.0/
11

(66,01

t63.0j

1-5

X
X. 0000 5782 11 6 cwt. 11 17 55 86.7 10 87.5 11 87.6 11 93.5

XL 0000 5782 11 5 cwt. 11 46 15 66.5 11 87.6 10 93.5 10 98.0

XII. 0000 5782 11 5 cwt. 12 7 30 82.5 11 84.0 10 81.7 10 100.0

XIII. 0000 5782 11 6 cwt. 12 21 1 93.5 10 108.5 10 116.3 10 131.J

XIV. 0000 5782 11 6 cwt. 1 25 20 9 100.0 10 108.5 10 131.7

XV. 0000 6782 11 6 cwt. 1 46 33 1J9.0 10 119.0 10 131.7 9 137.0

XVI. 0000 5782 11 7 cwt. 2 13 1 131.7 9 133.3 9 133.3 10 147.11

[ XVII. 0000 5782 11 7 cwt. 2 27 32 124.7 9 140.0 9 140.0 9 163.5

/ XVIII. 0000 5782 11 7 cwt. 10 1 20 * 167.5 10 161.0 10 163.5 8 tl74.5

XIX. 0000 5782 11 7 cwt. 11 7 15 * 122.6 9 168.0 9 168.0 9 168.0

CO
CO XX. 0000 5782 11 8 cwt. 11 23 20 * 1.54.0 9 200.0 9 186.0 9 195.0

XXI. 0000 5782 11 8 cwt. 12 7 10 * 147.0 9 150.5 9 163.5 9 193.0

XXIL 0000 5782 11 8 cwt. 12 18 36 * 147.0 9 147.0 9 159.3 ts 187./

XXIII. 0000 6782 11 8 cwt. 12 37 26 * 140.0 9 • • • 9 154.0 9 186,0

a XXIV. 0000 5782 11 8 cwt. 12 60 20 122.5 9 124.7 8 143.5 9 154.0

00 XXV. 0000 6782 11 8 cwt. 1 19 34 131.7 9 137.0 9 169.3 9 163.5

I XXVI.
1

0000 6782 11 8 cwt. 1 36 23 11 161.0 8 ... 6 200,0

/ XXVII. 0000 5782 11 10 cwt. 8 30 36 210.5 7 210.5 6 210.5 7 210,5

XXVIII. 2240 8022 13.5 2 cwt. 10 26 13 41.5 • . . 40.3 16 41,5

XXIX. 2240 8022 13.5 2 cwt. 11 5 49 32.0 17 33.7 16 35.5 15 ml
XXX. 2240 8022 13.5 3 cwt. 11 24 49 106.0 11 11 . • • • ...

'

XXXI. 2240 8022 13.5 3 cwt. 11 39 ... 52.3 15 52.3 14 630

;

XXXII. 2240 8022 13.5 3 cwt. 11 51 10 * 41.5 16 45.7 15 49.3 13 SM;

XXXIII. 2240 8022 13.5 4 cwt. 12 2 15 53.5 49 ... >•• ...
1

... .

XXXIV. 2240 8022 13.5 3 cwt. 12 69 26 * 82.0 ... .•• 39.0 14 51,1

XXXV. 2240 8022 13.5 4 cwt. 1 21 36 76 12 76 11 76 11 81
'

CO XXXVI. 2240 8022 13.5 4 cwt. 1 31 8 82.6 82.5 ... 82.5 10.5 82,S,

03
r-1 XXXVII. 2240 8022 13.5 6 cwt. 1 42 64 124.7 ... 124.7 ... 124.7 10.5 124,1:

XXXVIII. 2240 8022 13.5 3 cwt. 1 52 50 24.6 18 28.0 18 28.0 16 30,«'

iJ

a XXXIX. 2240 8022 13.5 5 cwt. 2 10 28.6 * 131.7 11.5 119.0 10 122.5 10 124,1
1-5

XL. 2240 8022 13.5 6 cwt. 2 20 2 * 131.7 10 131.7 9 141.7 9 145..1

1 XLI. 2240 8022 13.3 6 cwt. 3 38 0.5 * 105.6 ... 152.3 9.3 162.3 9.7 168.0

XLII. 2240 8022 13.5 6 cwt. 3 46 49 111.0 10 135.5 9.5 140.0 10 167.0

XLIII. 2240 8022 13.5 8 cwt. 3 67 40.5 * 170.0 9 170.0 9.6 172.3 9.3 2OO.0

XLIV. 2240 8022 13.5 8 cwt. 4 2 174.5 9.3 176.7 9.2 191.3 9 210.3

XLV. 2240 8022 13.5 8 cwt. 4 19 39 173.0 10 173.0 8.5 191.3 8.7 197.0,

XLVI. 2240 8022 13.5 9 cwt. 4 31 26 195.0 t8.5 200.0 8 214.0 7.5 234.?:

XLVII. 2240 8022 13.6 9 cwt. 4 40 1.6 197.0 t6.5 197.0 8.6 238.0 8.5 238,0:

XLVIII. 2240 8022 13.5 9 cwt. 4 69 41 173.0 9 207.0 9.5 223.7 8.5 2313

1

XLIX. 2240 8022 13.6 9 cwt. 6 11 38.6 214.0 7.5 214.0 8.3 216.3 7.2 217.9

/
L. 2240 8022 13.5 10 cwt. 6 21 6 * 225.9 8 227.3 8 227.3 7 227.3

>^ LI. 4480 10262 15.0 2 cwt. 10 11 46 39.9 .• . 39.0 39.0 16 39.0'

3 1 LII. 4480 10262 15.0 2 cwt. 10 24 12.5 76.0 15.5 12.0 16 18.0 17 28.0

\ LIII. 4480 10262 15.0 2 cwt. 10 35 44 39.0 18 32.0 17 39.0 16 39.0'

£> LIV. 4480 10262 16.0 3 cwt. 10 40 5 41.5 16 44.0 15 46.7 15 47.i;

1-1 \ LV. 4480 10262 15.0 3 cwt. 11 2 2.5 39.0 16.3 39.0 14 47.6 13.6 61.0

. * In t lis experiirifnt an accel erating weii ;ht was used to acquire veloci ty previous to the f rst observation.

t PoirIt uf transit!on from a v eloeity less than the w;ive to a velocity f
rreater than it.

t Thes e examples sliew the v iriation of i•esistance at the same velocit; f, due to the history of the Wave.
\
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THE WAVE.

. 500 Feet. 600 Feet. 7110 Feet. 800 Feet. 900 Feet. 1000 Feet.

REMARKS.
rce. Time. Force. Time. Force. Time. Force. Time. Force. Time. Force. Time. Force.

0.0 17 30 16 30 16 81 15 35.6 13 42.3 14 66 The two first experiments were lost.

4.0 13 44 12 51 12 65.5 12 70.0 12 ..• . .. 16^ = 32 lb.; 13^ = 44 lb.

l.O 12 52.6 12 59.5 11 64.7 11 76.0 11 91.0 11 100 14^ = 40.6 lb. ; 12^= 61 .8 lb.

2.7 13 44.0 13 51.0 12 66.5 10 70.0 11 82.5 9 91 15^ = 34.4 lb.

i.3\

3.0 i

11
f 69.5)

1 66.5)
10

f 70.0\

1 78.5/
12 f 84.0 \

1 91.0)
9 / 100.0)

1 103.0)
11

(119.0)

\122.5)
9 131.3 The rope slightly entangled.

i.5\

3.0/
11 / 77.3)

1 81.0j
11 / 84.0)

1 91.0)
10 / 98.0)

1 103.0 /
10 / 106.0)

tll9.0/
10 f 135.0)

1 135.0/
9 137.0 IP = 73.31b.; 10^= 98 lb.

3.0)

3.0/
11 / 74.31

1 78.5/
11 J 79.7f

1 91.0\
10

( 98.0)

1 98.0/
10

( 98.01
1 103.0 /

10
( II9.0I
1131.3/

10 140 12^ = 53.81b.; IP= 67.41b.

).ol

L.3J
10 / 10(5.0)

tll9.0/
10 / 124.3/

1134.3/
9 j 138.5)

( 154.0/
9

j 157.5)

I186.O)
8

(193 1
I2OO )

... ... 10'.5;=88.51b.; 10^= 93.5. ..1191b.:}:

3.0 11 124.3 9 127.7 10 127.7 10 16.3.5 9 179.0 ... . .. 10^ = 93.5...1271b.t
10^ = 93.7.. .137 lb. 1t.6 ]0 131.7 10 137.0 10 137.5 9 174.5 8 19.3.0 8 114.0

).3 10 157.5 8 163.5 t8 166.0 8 193.0 7 232.7 ... 10^= 93.5... 116.3 lb.+

1.0 9 157.5 9 166.0 9 186.0 t8 203.5 8 232.7 7 256.6 9^5 = 100.. .131.71b.; 9== 181.7...

1.0 10 168.0 9 174.5 9 174.5 9 186.0 8 197.0 ... 9^ = 168. ..174 lb. + ri661b.J
5.5 8 184.3 t7 186.0 6 186.0 7 114.0 6 114.0 ... ... 9^= 133.3.. .163.51b.;+6\5= 186 lb.

).0 9 182.5 t7 182.5 7 182.5 6 217.0 ... ... 7= = 182.5 lb.

r.o 8 197.0 7 198.5 7 198.5 7 222.0 ... ... 8^ = 169 lb; 7^= 197.6

J.O 8 182.5 7 197.0 7 200 6 6 6 . • *
9^ = 122.5...1681b.;J 8» = 1681b.;

1.7 • • • ... .,, » • • ... ... >.. An accident. [7'= 189.71b.

J.O t8 194.0 'f 195.0 6 207.0 5 238.0 6 ... 6 7^ = 194 lb.

).5 7 189.5 7 189.5 6 198.5 6 245.0 6 341.6 8= = 178.5 lb.; 7'= 189.51b.

5.0 t8 199.3 8 203.5 8 217.0 .5 245.0 7 266 6 ... 9^ = 140... 186 lb.
:{:

i).0 t8 182.0 8 187.0 9 200.0 6 227.3 5 266 6 ... 9^ = 122.5... 179 lb. J
|;.o 8 194.0 t8 195 8 207. 6 224.5 ... ... ... ) The times in these two experiments

/ inaccurately observed.1.5 8 179.0 9 197 8 207 7 2.32.6 v 256
7

...

. 6 236.0 7 . • > 6 161.0 7 193.0 7 193 7 ... See continuation in Exper. CIV.
1.6 14 42.7 14 51.0 12 56.0 12 56.0 12 56.0 14» = 41.51b.; 12^ = 56 lb.

LO 14 45.7 14 51.0 11 57.7 14 73.0 12 82.0 ... ... 16^ = 83.7 lb. 14^ = 42.8 lb.

An accident.

3.5 12 66.5 11 70.0 1] 91.0 11 91.0 12 106 12 . • .

3.0
1

... 131.7 ... 137.0 12 137 10 96.0 11 107.3 ... The accelerating weight accidental-
An accident. [ly raised.

i.o 13 53.5 11 63.0 11 76.0 ]'2
...

14 12 96.0 10 114.5 10 116.3 10.5 127.5 10 154.0 11 . .. 11= = 76 lb.

ii 12 84.0 10.5 93.5 11 98.0 10.5 119.0 10 150.5 ... ... 10S5=95.71b.
Ir.o 10.5 147.0 9 163.5 11 168.0 9 198.5 -10 207.0

|).0 15 30.0 15 40.3 14 47.5 12 51.0 12 53.0 • • .

r.6 9.5 150.5 10 157.5 10 197.7 10 207.0 ... • . • ... 10' = 122.5... 197 lb.;

3.7 9 179.0 10.5 193.0 8.5 216.3 10 233.9 8

).0 10 188.3 9 217.0 9 217.0 t8 248.5 8 245.0 6

).3 9.5 199.3 9.5 243.3 9 245.0 t7.5 280.0 7.5 827.3 t • > 9\5 = 166... 199.3 lb.|

J.3 8.5 217.7 9 239.7 t8 265.0 7 269.0 6.5 852.0 5.5

r.o 9 238.0 +8 25.3.5 8 268.6
h-

l 308 6 308.0

3.5 9 216.3 t8.7 240.3 8 266.6 7 268.6 6 295.6 6 ...

t.7 7 2.35.7 6 245.0 G 2G7.5 6 150.5 • • . ... 8^= 214 lb. ; G^= 245 lb.

?.4 8.5 239.7 7.5 256.0 i 206.0 5.5 268 5.5 ... ...

;'>.o 8.7 280.0 7.8 282.0 7.3 332.5 5.2 336.0 6 . . ...

ir.o 6.5 . . * • • • 203.5 8 • • • * . > 8== 226.5 lb. ; 7= = 227.3 lb.

5.5 223.6 6.5 137.0 7 222.0 6 186 7 140.0 . . • .* . See in continuation Exper. CXXII.
).0 14.5 44.0 14.5 51.0 13.5 140.0 11 140.0 11.2 96 11.8 ...

).0 16.5 39.0 14.5 39.0 13 124.7 12 106.0 12 76 12 ...

l>-
14.5 40.0 15 47.5 14 5.3.5 14 G.3.0 12.5 66.5 12.5 ... 16^5 = 39 lb. ; 14= = 47.5 lb.

i5.5 11.5 56.0 13 63.0 12.5 124.7 11 96.0 10.5 . • • . • . . • . 14^= 46.6 lb.

3.5 12.5 70.0 11.5 108.6 10 99.0 11.5 106.0 10.5 ... ... lff.5= 51.01b.

' In this experiment :in accelerating weight was used to acquire velcicity, previous to the first ohservation.

t Point of transition ; rom a velocity Ic-ss than the wave tc a velocit; 1 greater than it.

t These exainules she IV the variation of resistance at the same veloc ty, due to the history of the Wave.
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TABLE II.—continued. THE WAVE.

No. OF EXPBRIMBNTS.

CO
CO

1-5

TO
CO

TO
CO

t-5

n
H

LVI.
LVII.
LVIII.
LIX.
LX.
LXI.
LXII.
LXIII.
LXIV.
LXV.
LXVI.

{LXVII.
LXVIII.
LXIX.
LXX.
LXXI.
Lxxn.
LXXIII.
LXXIV.
LXXV.
LXXVL
LXXVIL
LXXVIII.
LXX IX.
LXXX.
LXXXI.
Lxxxn.
LXXXIII.
LXXXIV.

LXXXV.

LXXXVI.

LXXXVII.

LXXXVIIL

LXXXIX.
XC.
XCI.
XCII.
XCIII.
XCIV.
xcv,
XCVI.
XCVII.

XCVIII.

XCIX.

c.

CI.

CII.

cm.

Weight of
Ballast.

Lbs.

4480
4480
4480
4480
4480
4480
4480
4480
4480
4480
4480
4480
4480
6720
6720
6720
6720
6720
6720
6720
6720
6720
6720
6720
8960
8960
8960
8960
11200

11200

11200

11200

11200

11200
11200
11200
11200
11200
11200
11200
13440
13440

13440

13440

13440

13440

13400
13440

Total
Weight
Moved.

Lbs.

10262
10262
10262
10262
10262
10262
10262
10262
10262
10262
10262
10262
10262
12.502

12502
12502
12502
12502
12502
12502
12502
12502
12502
12502
14742
14742
14742
14742
16982

16982

16982

16982

16982

16982
16982
16982
16982
16982
16982
16982
19222
19222

19222

19222

19222

19222

19222
19222

Depth of
ImmerBion.

Inches.

15.0

15.0

15.0

15.0

16.0

15.0

15.0

15.0

15.0

15.0

16.0

15.0

15.0

16.5

16.5

16.5

16.5

16.5

16.5

16.5

16.5

16.5

16.5

16.5

18.0

18.0

18.0

18.0

19.0

19.0

19.0

19.0

19.0

19.0

19.0

19.0

19.0

19.0

19.0

19.0

20
20

20

20

20

20

20
20

Weight on
Pyramid.

3 CWt.

4 CWt.

4 CWt.

4 cwt.

5 cwt.

5 cwt.

5 cwt.

6 cwt.

6 cwt.

6 cwt.

6 cwt.
6 cwt.
8 cwt.

2 cwt.

2 cwt.

2 cwt.

3 cwt.

4 cwt.

4 cwt.

5 cwt.

6 cwt.

8 cwt.

8 cwt.

9 cwt.

2 cwt.

3 cwt.

4 cwt.

5 cwt.

2 cwt.

2 cwt.

3 cwt.

4 cwt.

4 cwt.

5 cwt.

6 cwt.

6 cwt.

8 cwt.

8 cwt.

8 cwt.

10 cwt.

2 cwt.

2 cwt.

3 cwt.

3 cwt.

4 cwt.

5 cwt.

6 cwt.

8 cwt.

Time of com-
mencing Obser-
vation.

11 14 86.6

11 28 24
11 38 21

54 57
48
4

12 29 13
12 40 24

2

11

12 6

12 15

1

1

1

1

1

10 13

11

11

11

12

20
13 14
23 26

36 13

49

10 30 14.5

10 44 66
10 66
11 9 37

20 40.5

34 46
63 66

7 42.6

912 20
12 28 28
2 10 17

23 2

34 14
23 39
24 13

7 41 14

7 64 56

8 10 6.5

8 23 43

9 47 41.5

10 6 26
11 23 27
10 36 1

10 49 14
11 2 41.5

11 16 1

12 66
1 10 28.5

1 23 30

1 33 40

1 43

1 53 7

2 4 54
2 37 54

Resistance
at 0.

Lbs.

39.0

78.6

76.0

59.5

96.0

91

78.6

154.0

124.7

137.0

1.37.0

238.0

44
32
51
66.0

81

124.7
* 258.0
* 261.3
* 207.0
*200

37.2

63.0
* 170.0
* 140.0

68.3

80.0

108.0

164.0

204
264
270
280
124.7

76.3

79.5

73

119

100 Feet.

Time. Force.

14.5

13
13.5

13
12
11

12

11

10
11

11

7.0

18.6

20
16

14
13.5

11

9

8.6

9.5

9.5

19
13.5

12

11

15

16

16

14.5

13

11.5

12
10
12

10

10.3

18

18

11

14.5

188.6 12.5

268
11.5

10

39
78.6

76.0

70.0

103.0

102.0

85.7

157.5

131.7

138.5

163.5

246

53.5

39
33.4

51.0

70.0

81.0

127.6

164
266.0

193.0

214
39
61

81

137.0

68

79

112

108

165
182
228
276
288

347.3

76.3

79.0

73

120.6

188

312
245

200 Feet

Time. Force.

15.5

12.5

12

13

11

11.5

11

11

11

10.5

10
9

17

17

17
14.5

13.6

13
10.5

10
9

10

17
14.5

12

17
20

16

16

13

12

10.6

10
10.5

9.5

10

9.2

16.5

14

16

13.6

12

11.6

11.5

300 Feet

Time. Fota

45.7

78.6

76.0

71.5

109.7

107.3

157.6

133.6

140
174.5

200.0

61.0

41.5

33.7

57-7

82.6

81.0

137
189.5

209.0

214

40.2

51

84
138.5

64.6

79

113

113.5

174
184
234
276
300
299.3

347.3
80
73.6

80.5

74

121.6

188

328.6

246

14.6

11.5

12

12
10
10.5

12
9

10
10.9

10
10.5

16
16.6

17
16

12.6

13
11.6

11.5

11

10.5

17
13.7

12
11

19

16

16

12

12.5

11.5

12
11.6

10.5

10.5

11

10
16

17

16

16.6

12.6

11

11

11.5

* In this experiment an accelerating weight was used to acquire velocity previous to the first observation.

t Point of transition from a velocity less than the wave to a velocity greater than it.

t These examples shew the variation of resistance at the same velocity due to the history of the wave.
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THE. WAVE.

;et. 500 Feet. 600 Feet. 700 Feet. 800 Feet. 900 Feet. 1000 Feet.

REMARKS.
Force. Time. Force. Time. Force. Time. Force. Time. Force. Time. Force. Time. Force.

56.5 12.5 56.0 12.5 101.0 10.5 101.0 11 124.7 10.0 140.0 ir = 1111b.

96.0 12 107.2 11 111.0 10 131.7 10 147.0 10.5 ... IP = 107.2

91.0 12.5 99.0 10 101.5 10.5 106.0 10 137.0 10 150.6 12^= 76 lb.; ir.5 = 82.6

82.5 11 87.5 10 100.0 10 103.0 11 124.7 12 143.5 10.5 lP.5=82.51b.
124.7 10 140.0 11 145.3 10 1.55.7 9.5 186.0 11.5 193.0 10».5 = 103...1931b.J
124.7 10.5 149.3 10.5 150.5 10 162.6 10.5 189.5 10.5 207.0 ... .. lP=91...1111b.;+ 10^6 =124.7...
lll.O 10 115 11 131.7 10 161 10 179 10.7 195 ... .. IP = 85.7 lb. [189.6 lb.

:{:

187.7 10 193.0 10.5 210.5 10.5 224.6 10 238.0 10 269.0 ... ..

168.0 10 195.0 10 207 11 217 10 248.6 10 ... 10^ = 133.6... 248.5:}:

193.0 10 210.5 10.5 224.6 10.5 238 10 256.6 10 261.3
194.6 10 203.5 10 236.3 10 245.0 9 268 9 280.0 10^ = 163.5. ..236.3 lb. J
200 10 203.5 11 217.0 10 229.5 10 250.2 9 266.0 10 •• See in continuation Exper. CXXX.

An accident.

61.0 13 63.5 14 59.5 12 63.0 13 70.0 12 54 13.5 96
46.3 16 60.6 13 66.6 14 66.5 13.5 73 12.6 73 13 73 16^ = 42.7 lb.

46.3 15 47.6 14 56 14 70.0 13 76 12 87.6 13 17^ = 33.6 lb.

63.0 13 70 12 82.0 13 91.0 12 93.3 10.5 93.5 13.5 ...

96.0 12 > • • ... ... ... ... ... ... ...

96.0 12.5 111.0 11 111.0 11 192.0 11 131.7 11.5 131.7 ... IP = 111 lb.; 13= = 81 lb.

86 11 193 10 200 10 222 10.5 • .

.

... ... ... 11= = 127.6 lb. ; 10=.5 = 186.6 lb.

14 11 238 10.5 269.3 10.6 266 10.5 287 10 ... 15.5 ...

32.6 10.5 238 11.5 261.3 10.5 266 9.5 298.6 10 336 ...

38 10 266 10 287 9.5 329 9 252 9 336 ... ... 10== 193. .. 2661b.; 9== 329...3361b.

An accident.

61.0 15 63.6 15 63 14 70 13 78.5 13.5 96 ... ... 17= =402 lb.; 16= = 52.3 lb.

76.0 13.3 81.0 12.5 83.3 12 923 12.5 100.0 11.5 111.0 ... 12=.5 = 83.31b.

16.0 11 154.0 11 207.0 11 140.0 11.5 140.0 11.5 161 ... 12= = 84 lb.

79.0 11.6 154.0 10.5 154 11 215.5 10 227.3 11.0 ... ... See in continuation Exper. CXLVI.
50 19 48.0 16.5 58.5 17.5 58.3 16.5 59.7 15.5 69.0 13 ... I7=.5=58.51b.

70.9 15 76 15 83 13 90 14 / 90.0\

\ 90.0J
ni2 1

|ll8.5j

13 / 96 1

1100 r

jl28 1
1140 /

16 ... 16= = 64.61b.

89 14 95 13.5 95 12.5
rioo.5\
|l03.5)

11.6 11.5 14 ... 16=.5 = 791b.; 13.6 =95 lb.

24 1

40 j
12.6 153 11 1.52 12

(155 1

1176 /
/162 1
(168 )

12
(180 1

\186 /
20,5 ... lP.5=1121b.

41 11.5 {IS} 11
fl56 1 11 11 J182 1

\183 j
11

n96 1

1196 /
... IP = 142...! 95 lb.:}:

02 11 220 11 232 11 140 11 60 15 ... ... lP= 202...2321b.+
20 11.5 236 11 240 11.5 240 11 240 10.5 ... ... ...

55 10 270 10.5 288 12 300 11 312 10.5 ...

24 10.5 336 11 357 10.5 360 10.5 360 11.5 ... ... IP = 321. ..336 lb.

42 10.5 360 11 372 10.5 180 14 120 . •• ... ... ... 10=.5 = 300...3721b.
38.8 10.5 354.5 10.5 359 10.5 371.9 10.5 386.3 13.5 • • ... ...

90 9 ... 10 ... 10 ... 10 2.38 ... • •• ... ...

• ... ... ... . t

.

... 78 16 78 ... ...

71 17 72 ... ... ... 716 17 86.5 16 90 14.5 102

'89 14 102 13 104 13 113 12 118 13
(122 1
1136 ;

15 ... 15= = 81.3 lb.; 13= =103 lb.

79 15 91 18 95 13 96 14 112 13 122 13 ... 15=.5 = 74; 13=.5 = 96.61b.

33 11.5 {IS}
214

13.5 164 13 168 11
/180 \
1l88 ] 12.5 188 ... ... 12=.5 = 121.5. ..166 lb.

08 11.5 10.5
|2-0 1

(228 j
11

/226 \
1228 /

13
(236 1

\240 j
... ... ... ... 12= = 1881b.

42 12 354 11 1 369 11.6 372 11 384 11.5 384 . • • ... 11=.5= 312.. .3841b.
45 11 263.6 12 269 11 287 12 294 11 ... ... ...

In this experiment an accelerating weight was used to acquire velocity previous to t le first observation.

t Point of transition from a velocity less than the wave to a velocity greater than it.

t These examples shew the variation of resistance at the same velocity, due to the history of the Wave.

:iv. PARI^ I.
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TABLE II.—continued. THE WAVE.

No. OF Experiments.

CO

CIV.
cv.
CVI.
evil.
CVIII.
CIX.
ex.
CXI.

CXII.
CXIII.
CXIV.
CXV.
CXVI.
CXVII.
CXVIII.
CXIX.
cxx.
CXXI.
cxxn.
CXXIII.
CXXIV.
CXXV.
CXXVI.
CXXVII.
CXXVIII.
CXXIX.
CXXX.
CXXXI.
cxxxn.
CXXXIII.
CXXXIV.
CXXXV.
CXXXVI.

\ CXXXVII.
/CXXXVIII.

CXXXIX.
CXL.
CXLI.
CXLII.
CXLIII.
CXLIV.
CXLV.
CXLVI.
CXLVII.
CXLVIII.
CXLIX.

CL.

Weight
of

Ballast.

Lbs.

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
2240
2240
2240
2240
2240
2240
2240
2240
4480
4480
4480
4480
4480
4480
4480
4480
4480
4480
4480
4480
4480
4480
4480
4480
8960
8960
4480
4480
4480

Total
Weight
Moved.

Lbs.

5782
5782
5782
5782
5782
6782
5782
5782
5782
5782
5782
5782
5782
6782
5782
5782
5782
5782
8022
8022
8022
8022
8022
8022
8022
8022
10262
10262
10262
10262
10262
10262
10262
10262
10262
10262
10262
10262
10262
10262
10262
10262
14742
14742
10262
10262
10262

Depth
of

Immer-
sion.

Weight on
Pyramid.

Inches.

11.0

11.0

11.0

11.0

11.0

11.0

11.0

11.0

11.0

11.0

11.0

11.0

11.0

11.0

11.0

11.0

11.0

11.0

13.5

13.5

13.5

13.5

13.5

13.5

13.5

13.5

15.0

15.0

15.0

15.0

15.0

15.0

15.0

15.0

15.0

15.0

15.0

15.0

15.0

15.0

15.0

15.0

10.0

19.0

16.0

15.0

16.0

2 cwt.

3 cwt.

3 cwt.

3 cwt.

4 cwt.

4 cwt.

4 cwt.

4 cwt.

4 cwt.

5 cwt.

5 cwt.

5 cwt.

5 cwt.

6 cwt.

6 cwt.

6 cwt.

8 cwt.

9 cwt.

cwt.

cwt.

cwt.

cwt.

cwt.

6 cwt.

6 cwt.

8 cwt.

2 cwt.

3 cwt.

4 cwt.

5 cwt.

6 cwt.

6 cwt.

7 cwt.

7 cwt.

6 cwt.

8 cwt.

8 cwt.

10 cwt.

12 cwt.

14 cwt.

14 cwt.

14 cwt.

10 cwt.

12 cwt.

12 cwt.

14 cwt.

14 cwt.

Time of com-
mencing Obser-

vation.

h m s

10 4 11.5

10 15 5.5.6

10 40 30.5

10 53 24
40
12

11

11

11

11

11

11

11

12

1

1

1

2

2
2

11

11

11

11

12 5 54
12 14 3
12 21

19 30
27 59
85 13
44 30
53 11

1 53
36 57
45 27
53 1

1 43.5

10 42
38
25 53
38 51

48 20
56 17

8

6 20.5

29

9 57
15 36
22 47.5

30 15

40 34

22 43.5

6.3

2

2

3
10 43
10 56 18
11 10 47

24 13.5

39 21

11

11

11 58 19

12 30 48
2 2 4.7

41 24
32 19
55 13
23 16.5

Resistance
atO.

100 Feet.

Time. Force.

200 Feet.

Time. Force.

Lbs.

* 100
64
96
106
224
62
164
128
132
132
140
204
208
255
219

82
100
224
216
228
243
210
240
60
106
166

172
206
225

246
177
216
223.5

284
352
392

428
343.5

472.0

400.0

348

14.5

11

11.5

9

10
7.5

11

8

9.5

9

9.5

9

t7
t8
t6.5

t7

13
12

9.5

10
9

t7.5
t8
7

15
12
11

11

9.5

9

9.5

11.7

9.7

9

8.5

6.5

6

7.5

7
5.3

5.6

625
100
108
118
96

72
96
148
148
150
1.52

152

255
219

82
103
144
224
204
210
210
270
66
106
164
168
240
225

303
192
223.5

240
300
404
392

484
360
352
192

13

10.5

11.5

10
10
10
11

9

51.6

77
100
134
130
112

78
112

300 Feet.

Time. Force.

400 Feet.

Time. Force.

8.5: 160
10 152
8.5

9

7

7

7
6

12.5

11

11.5

t8
8.5

6.6

7

14
11.5

11

10.5

9.5

9

10

8

10
8.7

t7.5
6

6

6.7

6

7.2

6

160
172
164

284
223.5

84
110
160
240
228
240
228

68
110
164
168
240
270

350
203
2.53.5

240.5

312
440
400

428

392
344

264

11

10.5

10.5

11

10.3

7.5

10
10

t8
8.5

9

8.5

7
6

7
6

12

10.5

10
6

8.5

7
6.5

13
11.5

10.5

11

9.5

9

11

9.8

9.8

7.5

5.5

7.3

6
6

74

77
92
156
148
134
94
128
180
176
180
190
220

252
270

110
116
163

237
246
270

80
118
164
168

300

220
288.5

800
312
480
200

456

392
344

400

11

11.5

10
9

9.7
10
11

9

7.5

ts
t8
t7.6
6

6
6

6.3

11

11

9.5

9

t8
6

6

13.5

11

11

10.5

9.8

9

10

7.7

9.5

6.7

6

5

10
5.3

5.5

4.5

85

112
116
166
139
162
112
170
192
212
174
216
224

300
282

106
120
164

243
818
300

83
120
170
192

806

240
297
312
382
160
200

480
372
408
400

488

500 Feet

J
Time, i FotCi

1

10

8 124

9.5 92

10 200

9 168

9 170

10 132

9 170

/ »•

7.5 218

7.0 180

8 222

6 224

6 m
5.7

12 120

10 ...

10 204

12
11

10.5 1 172

10.5 224

7
9

9.5

8

5.3

6

7.3

6.5

6

45

192

Exp. CVI. 11^ = 77 lb. Exp. CIX. 10^= 106. ..1481b Exp. CXIII
Exp. CXXIIL 10\6 = 1101b.; W = 1201b. Exp.CXXIV. 10'

Exp. CXXVIII. 7^5 = 2101b.; 6^5=:2281b.
Exp. CXXX. 18^5=761b. ; 13^ =81.6Ib. ; 12^ = 86.5 lb. Exp. CXXXI.

Exp. CXXXIII. W.6 = J168...192.J Exp. CXXXIV. 9^6 = 206...240.

6^= 822 lb. Exp. CXLV. 6^6 = 428 lb.

Exp. CXLVII. 6^6 = 408 lb.

Exp. CXLVIII. 6^ = 344 lb. Exp. CL. 4^5 = 444 lb.

REMARKS.
8^= 162.61b. Exp. CXIV. 8^ = 1761b. Exp. CVIL 7' = 1851b.; &
= 168 lb. Exp. CXXVI. 8^ 287 lb. Exp. CXXVII. 7'= 231 lb.

;

11^5 = 1081b.

;

Exp. CXXXV.
ir = ii9ib. Exp. cxxxii. ir

9'= X 225. ..320. Exp. CXLI. 7^6

= 224lli

6*=21«'

= 1651k

= 30611).;

* In all the experiments from CIV. to CC. an accelerating weight was used to give velocity previous to the first observation.

t Point of tiansition from a velocity less than the wave to one greater than it.

t These examples shew a variation in the resistance at a given velocity which is due to the history of the Wave.
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i.BLE III. THE HOUSTON.

1

PBRIMENTS.
Weight

of
Ballast.

Total
Weight
Moved.

Depth
of

Immer-

Wcip.ht on
Pyramid.

|

Time of com-
mencing Obser-
vation.

Resistance
ato.

100 Feet. 200 Feet. 300 Feet. 400 Feet. 500 Feet.

j

sion. Time. Force. Time. Force. Time. Force. Time. Force. Time. Force.

Lbs. Lbs. Inches. h m s Lbs.
1

CLl. 0000 6076 7.3 2 cwt. 11 40 37 46 14 122 10.5 54 11.5 68 12.5 72 11.5 100

CLII. 0000 6076 7.3 2 cwt. 11 50 2 85 15 40 15 44 14 53 13.5 55 12.5 65

CLIII. 0000 6076 7.3 8 cwt. 12 9 83 12 95 11 101 10.7 117 10 148 10.3 164

CLIV. 0000 6076 7.3 4 cwt. 12 7 47 114 10 116 11 122 9.5 148 10.5 171 9.5 200

CLV. 0000 6076 7.3 5 cwt. 12 14 174 9 177 10 195 10 201 8.5 211.5 8.5 219

CLVI. 0000 6076 7.3 6 cwt. 12 20 7 181 9.5 210 9.5 222 7.5 234 8.5 246 5 276
CLVII. 0000 6076 7.3 7 cwt. 12 26 31.5 222 8 234 6.5 192 6 241.5 6 241.5 7 270
CLVIII. 0000 6076 7.3 8 cwt. 12 85 59 228 7 18 7 60 8 800 7 180 6 198

CLIX. 4480 10556 11.0 2 cwt. 1 46 23 60 16 63 14 64.5 14 66 14 69 18 76.5

CLX. 4480 10556 11.0 4 cwt. 1 56 36 189 11 195 11 225 10 234 11 252 10.5 258

CXI. 4480 10556 11.0 7 cwt. 2 4 27 267 10 288 9.3 306 9.2 330 9 836 8.5 348
CLXII. 8960 15036 15.0 2 cwt. 2 20 57 . .* 60 15.8 60 16 G8 15 69 15 78
CLXIII. 8960 15036 15.0 4 cwt. 2 28 51 165 11.7 168 12.3 172.5 11 192 11 246 12 255
CLXIV. 8960 15036 15.0 6 cwt. 2 37 17.5 249 12 252 11 279 11 288 10.5 809 10.5 324

1 EEMARKS.
1

JI. 1.5^= 37.51b.; 14^ = 441b.; 13^5=:531b. Exp. CLIII. 12^ = 831b.; lP = 98lb. Exp. CLV. 10' = 1951b.; 8».5 =: 211.51b. |

CLVI. 9^5 = :|;181...210; 7^5 = 2341b. Exp. CLVII. G'.o =241.5 lb.

IX. 14' = 64^5Ib.; 13^ = 72.7 lb. Exp. CLX." IP = 197 lb.; 10^5 = J. 195...2581b. Exp. CLXl. 9' = t806...8301b.
XII. lG^ = 601b.; 1.5' = 66 lb. Exp. CLl II. 12^ = 166.5 lb. ; ir.5 = :{: 172.5.. .255 lb. Exp. CLXIV. ll' = t.252...2791b.; 10'.5 =
.8241b.

BLE IV. THE DIRLETON.

Weight Total Depth Weight on
Pyramid.

Time of com-
Rcsi.^tance 100 Feet. 200 Feet. 300 Feet. 4C0 Feet. 500 Feet.

ERIMENT. of
Ballast.

Weight
Moved.

of
Immer-

mencing Obser-
vatio!!.'

ato,
1

1

1

1

sion. Time. Force. Time. Force. Time. Force. Time. Force. Time. Force.

1
Lbs. Lbs. Inches. h m s Lbs.

CLXV. 0000 5859 8.7 2 cwt. 9 47 54.7 33 17.8 38 16.5 41 16.3 44 13.2 50 14.5 50
CLXVI. 0000 5859 8.7 4 cwt. 10 1 53 91 10.7 98 11.3 101 10 108 10 96 11 138
:lxvii. 0000 5859 8.7 6 cwt. 10 10 52 1.32 9.5 150 9.5 162 9 178 9.3 178 10.2 162
ILXVIII. 0000 5859 8.7 8 cwt. 10 20 9.5 204 8 216 7.5 216 7 234 7 150 7 138
CLXIX. 0000 5859 8.7 9 cwt. 10 42 80 210 8 210 8 218 G 228 6 150 7 150
CLXX. 4480 10339 13.5 2 cwt. 11 11 44 40.5 ID 46.5 17 48 17 52.5 15.3 54 14.7 58.5

CLXXI. 4480 10339 13.5 4 cwt. 11 22 39 99 12 100 12 108 11.5 121.5 1L5 133.5 11 160.5

:!LXXII. 4480 10339 13.5 6 cwt. 11 36 22 153 11 162 11 177 10 183 11 210 10 222
LXXIII. 4480 10339 13.5 8 cwt. 11 47 53 211.5 9 228 10.5 247.5 9.7 27G.5 10.3 301.5 9.8 824
LXXIV. 4480 10339 13.5 6 cwt. 11 55 46 222 .•• . •• *• • • *• < >

:lxxv. 4480 10339 13.5 8 cwt. 12 12 40 22.3.5 10 235.5 10 243 10 285.5 9 300 9.5 818
LXXVL 4480 10.339 15.5 10 cwt. 12 21 42 255 9 270 9 342 9.7 345 9.8 348 8.8 366
iXXVII. 4480 10339 18.5 10 cwt. 12 89 12 800 8 806 8.7 830 8.7 360 7.5 240 7.5 180
SXVIII. 8960 14819 16.0 2 cwt. 1 40 51.7 31.5 18.8 38 18.7 34.5 18.8 42 18 46.5 17 48.5

LXXIX. 8960 14819 16.0 4 cwt. 1 51 24.5 109.5 13.5 114 13 114 12.5 120 12.8 126 12 144
:!LXXX. 8960 14819 16.0 6 cwt. 2 15 172.5 12 172.5 12 189 ..• > > < . .> ... ...

LXXXI. 8960 14819 16.0 6 cwt. 2 26 84.5
j

169.5 11 175.5 10.7 193.5 11 216 12.3 235.5 10.7 247.5

REMARKS.
KY. 16^5 = 38 lb, Exp. CLXVI. ir = 9-L5 lb. ; 10' = 102 lb. Exp. CLXVll. 9'.5 := +132... 178 lb. Exp. CLXVIII. 8' = 204

;

: 216 ; ? = 225 lb. Exp. CLXIX. 8= = 2] 01b; 6' = 228 lb.

ex. 17' = 47.3 ; 15'.5 = 52.5 ; 14'.5 = 54

1

b. Exp. CLXXI. 12' = 99.7. lb ; ll'.S = 11 4.7 lb. ; 11' = 133.5 lb. Exp. CLXXIl. 11'=
.J621b. ; 10^.5 = 1 177'.. .210; 10' = 216 lb. Exp. CLXXIII. 10' = + 228.. .276.5. Exp. CLXXV. 10' = X 223.5. ..285.6. Exp.
CVI. 9' = J 255. ..342.

CXVIII. 18' = 42 lb. ;
17' = 46.5 lb. Exp CLXXIX. 18'5 = 109.5 ; 13' =114 ; 12'.5 =r 117 lb; 12' = + 126.. .1441b. Exp, CLXXX.

+ 172.5. ..189 lb. Exp. CLXXXI. IV = + 169.5. ..235 lb.

• In all tlie experimetits from CIV. to CC. an accelerating weight was used to give velocity previous to the first ohservation.
1 t Point of tiansition from a velocity less th in the wave to one greater than it.

t These examples shew a variation ia the re sistanoe at a given velocity which is due to the history of the Wave.
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TABLE V. THE RAITH.

No, OP Experiments,
Weight

of
Ballast.

Total
Weight
Moved,

Depth
of

Immer-

Weight on
Pyramid,

Time of com-
mencing Obser-

vation,

Resistance
at 0.

100 Feet. 200 Feet.

Time. Force. Time. Force.

300 Feet

Time. Force.

400 Feet.

Time. Force.

500 Feet

Time. Forct,

156

120

72

163,5

m

CLXXXII.
CLXXXIII.
CLXXXIV.
CLXXXV.
CLXXXVI.
CLXXXVII.
CLXXXVIII.
CLXXXIX.

CXC.
CXCI,
CXCII.
CXCIII.
CXCIV.
CXCV.
CXCVI.
CXCVIL
CXCVIII.
CXCIX.

CC.

Lbs.

0000
0000
0000
0000
0000
0000
0000
4480
4480
4480
4480
4480
4480
8960
8960
8960
8960
8960
8960

Lbs.

6859
5859
5869
5869
5859
5859
5859

10339
10339
10339
10339
10339
10339
14819
14819
14819
14819
14819
14819

Inches,

7.5

7.6

7.6

7.5

7.6

7.5

7.5

11

11

n
11

11

11

15
15

15
16
15

16

2 cwt.

4 cwt.

4 cwt.

6 cwt.

8 cwt.
11 cwt.
10 cwt.

2 cwt.

4 cwt.
6 cwt.

8 cwt.
10 cwt.

10 cwt.

2 cwt.

4 cwt.

4 cwt.

6 cwt.

8 cwt.

10 cwt.

h
9
9

10
10 13 9
10 34 17
10
10 49 56
11 18 10

29

41

50 44
5 11

11

11

11

12 6

12 21

1

1

1

2
2
2

11

43 16.5

65
8
4.3

40 12.5

9.5

17
2

16 13.5

41.5

51

59

100
87

163.5

270

225.6

81

97.

187

319.6

207
68

100
116
98

222
306

11
11

9

6

6

14
12
11

8

8.7

17
10.5

13
13.5

11

10

37
108
92

169.5

201

225
I

81
I

103.5

218 I

334.6

212
42
124
116
110
240
364

15
10
11

9.5

7

7
14
12.6

11

8.7

7
18
13.6

13
11

10.6

11

43.5

120
98
189
228

232
82.5

109.6

240
252
339.5

224
72
80

148
126
294
357

15
10.7

10.7

8.6

14
12

9

7.3

7.5

13
13.6

11.6

11.6

11.6

11

49.0

116
202.5

267
84

121.5

256
360
226
72
108
139
228
282

16
10.3

10.3

8

6.3

12
10.6

9

7
6.5

14.5

13

11.5

11

11.6

10.6

60 12

• • • 10

138 10.5

276 8

222 6,3

336
108
132
265
294

102

70
62
180
236
294

6.7

12

11

10.3

10
6

7
14.5

16

13

11

11

11

34S

Exp. CLXXXII. 15» = 40.2 lb. ; 13^ = 60 lb

...1561b. Exp. CLXXXV
Exp. CLXXXIX. 14^ = 81 lb. ; 13' = 83 lb

9' = :|: 163.6. ..189

9^ =_+ 252 ... 294. Exp. CXCIII. 8^ = 334. ; 7^ = 224.

REMARKS,
Exp. CLXXXIII. 10.'5=: 1 100. ..120 lb. Exp. CLXXXIV. IV — J87...981b.; 10^6 =168
" Exp. CLXXXVIII. 6.^5 = J 225 ... 267-

Exp. CXC. 12' = 103.5 ; 11'. = 126.7 lb. Exp. CXCI. 11'. = if 187.5 ... 218 lb. Exp. CXCII.

Exp. CXCV. 14'. = 72 lb. Exp. CXCVII
'
"'

294. Ex. CC= % 222, 10'5 = X 306
13'. = 116 lb.

. ... 367 lb.

12' = X 148 180 lb. Exp. CXCVIII. 11'. — t 110 ... 236. Exp. CXCIX. 11',

• In this experiment an accelerating weight was used to acquire velocity previous to the first observation.

f Point of transition from a velocity less than the wave to a velocity greater than it.

% These examples shew the variation of resistance at the same velocity due to the history of the Wave.
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DESCRIPTION OF PLATES II. AND III.

PLATE II.

Fig. (I.) Represents the form given to the surface of a fluid by the motion of a floating body. The bed

of the channel was nearly of the form given in Fig. F, which is a transverse section taken at right

angles to the direction of motion of the floating body. The arrow at the stem of the vessel indi-

cates the direction of the moving body, and on each side a dotted line shews the place of the fluid

when at rest. The anterior wave at the bow of the vessel swells above and beyond the line of

rest, the stern depression falls below and within it, the summits of the stern waves of replacement

also protrude beyond and above it. The summits of the waves of unequal displacement, due to the

improper form of the vessel, extend from it towards the banks, and give rise to undulations of the

second order on the terminal line of the fluid.

Figs. (2.) (3.) and (4.) are the observed forms of the great primary wave of the fluid, in the channel of

which the form is given in Fig. E, and in which the mean velocity of the wave is 8 miles an hour.

Figs. (5.) (6.) and (7.) are observed forms of compound waves which were afterwards analyzed, and

gave the elementary and simple forms of Figs. (2.) (3.) and (4.) The outline represents the com-

pound wave, the inner lines indicate the analysis.

Figs. A, B, C, D, E, and F. are sections of channels in which waves were propagated and other ex-

periments made, and to which reference is made in the paper.

PLATE in.

Figs. (1.) (2.) (3.) and (4.) are projections of the forms of vessels made the subject of experiment

They are simply fore-shortened, so as to diminish their length in the ratio of 3. : 1, or they are

projected on an angle sin — ^ = ^, so that the transverse sections are diminished in the ratio of the

cosine of that angle, the dimension of depth remaining unchanged. The dotted lines at the

sides are drawn for each six inches of immersion, so that a line may be drawn across the whole

of each vessel at the depth of immersion given in the tables, for the purpose of shewing the parts of

the vessel below and above the surface of the fluid. Below the projection are given the unpro-

jected water lines for each six inches of immersion; the lines of the bow are placed above those of

the stern.

Fig. (5.) consists of the transverse sections, longitudinal section, water lines, and elevation of the Ex-

perimental Skiff" of 1834, P', P" and P'", the position of the tube of Pitot. Ti, Tg, T3, Pg, Tj, Tg,

glass gauges of immersion.

Fig. (6.) Shews the improved mode of obtaining a continuous moving force as used in 1835. The power

of horses is not applied directly to the object to be moved, but acts on the end of a rope at A, which

rope extends directly from A to a fixed pulley at B, whence it passes to the summit of a pyramidal

structure 75 feet high round another fixed pulley C, descends to a pulley at the weight D, and

passing round it returns to a second pulley at C, descends once more to B, and is finally attached

to a dynamometer at E, the bow of the vessel. The power of the horses is therefore used to sustain

the weight, while its gravity overcomes the resistance of ^he fluid. An assistant at the foot of the

pyramid prevents the weight from turning round, and a second weight F may be used for accelera-

tion previous to the commencement of the observations.
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071 the Action of Voltaic Electricity on Pyroxylic Spirit, and Solutions in

Water, Alcohol, and Ether. By Arthur Connell, Esq. F. R. S. Ed.

Read 20th March 1837.

The following paper contains a continuation of the experiments on the ac-

tion of the voltaic pile on alcohol, and some other liquids, of which expemnents

a considerable number was described to the Royal Society in a former memoir.*

At present it is intended, in the first place, to shew the perfect analogy between

the electric action on pyi-oxylic spirit, and on alcohol, thereby confinning the in-

teresting analogy akeady known to exist between these fluids in other respects

:

in the second place, to adduce a few farther illustrations of secondary voltaic ac-

tions in aqueous solutions ; in the thhd place, to examine the nature of the

changes produced in alcoholic solutions, under galvanic agency ; in the fourth

place, to inquire whether electric action does not throw light on the state in

which the haloid salts are dissolved by water ; and, lastly, to endeavour to sug-

gest as a general law, regulating the electric decomposition of solutions of binary

combinations of elementary substances in the principal solvents, that the dis-

solved body is not directly decomposed, but only the solvent, if itself an electro-

lyte.

I. Voltaic Action on Pyroxylic Sijirit.

Previous to the examination of this liquid by MM. Dumas and Peligot, ex-

periments had been made on it by several chemists, as by MM. Macaire and

Marcet, Dr Thomson, and others. The gaseous hydrate of meth3dene of Dumas

and Peligot, appears certainly to have been obtained, although in small quan-

tity, by Macaire and Marcet, by distilling pyi'oxylic spirit, with three parts of

sulphuric acid ; but they mistook its natm-e, supposing it to be protocarburetted

hydrogen, with a little hydrogen.f Still more important were the researches of

Dr Thomson, which led him distinctly to infer the existence of the carbohydro-

gen CH^ which may be viewed as substituted in the pyroxylic series for C' H* in

the alcohol series. By distilling a mixture of pyroxylic spirit and aqua regia, he

* On the action of voltaic electricity on alcohol, ether, and aqueous solutions. Edinburgh Trans-

actions, vol. xiii. Part II.

t Bib. Univer. xxiv. 128.
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obtained a new inflammable gas, which, after freeing it from nitrous and azotic

gases with which it was mixed, he inferred from his experiments to consist of

1 vol. carbon vapour j- 1 vol. hydrogen + l^ vol. chlorine ; and to be a sesqui-

chloride of the new carbo-hydrogen.* Although Dr Thomson, thus distinctly

pointed out the existence of this carbo-hydrogen, he did not positively state

that it existed in p3rroxylic spirit, which indeed could hardly have been done at

the time, as the existing analysis of the latter substance by Macaiee and Marcet

was inaccurate ; but still he appears to have had some such idea in view.f

It is however undoubtedly to MM. Dumas and Peligot, that we are indebted

for anaccm-ate view of the nature and constitution of this liquid, and for the full

development of the highly interesting series of relative substances. Amidst the

multitude of detached and isolated facts, which organic chemistry at present of-

fers, presenting little interest from analogies, or often supported by merely imagi-

nary ones, the development of the pyroxylic series, by unfolding a beautiful ana-

logy with alcohol and the ethers, possesses with some other examples, a high de-

gree of importance.

It was to be expected that a similar connection should be observed between

pjToxylic spirit and alcohol, in their galvanic relations as in their composition

and general properties ; and experiment fully established this farther analogy.

The pyroxylic spirit employed, was obtained from Glasgow, and for a com-

mercial article possessed a high degree of purity. Its colour had a slight yellow

tinge. Its specific gravity and boiling point, (taken after it had been a year in my
possession) were, the former .851 at 62° F., the latter, in contact with mercury,

160° F., under 30 inches of pressure. Treated with slaked lime there was no evo-

lution of ammonia either in the cold or by heat. By a single distillation from

powdered quicklime, it became quite colourless and transparent. After a second

distillation from quicklime, its specific gravity was .808 at 62° F. A third dis-

tillation from recently ignited and powdered lime brought it do\^Ti to .801 at 62°

F. Its boiling point in contact with mercury was then found to be 148°, under

a pressm-e of 29.5 inches, t It was with the product of this last distillation, that

the galvanic experiments were made.

* Transactions of the Royal Society of Edinburgh, vol. xi. p. 15.

f See Inorganic Chemistry, vol. ii. p. 295.

+ The specific gravity of absolute Pyroxylic spirit is given by MM. Dumas and Peligot as .798

at 68° F., and its boiling point 151.7° F. at 30 inches of the barometer. In the case of alcohol, the dif-

ference of temperature at which the specific gravity was taken by the French chemists and myself,

would very nearly account for the difference of specific gravity, and I did not conceive it of any mo-

ment to attempt to rectify the pyroxylic spirit more highly, because in regard to alcohol I had found

that far greater differences in the density had no material influence on the voltaic results ; and the ana-

logy of the action on the two fluids was complete, as will soon appear.
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In examining the nature of the voltaic action on pyroxylic spirit, it was un-

necessary to go into the same minuteness of investigation as in regard to alcohol

for the analogy of the two cases became immediately apparent, and all that then

was necessary was to seize the leading points of resemblance. It will be proper

briefly to recapitulate the principal facts which I had observed in regard to alco-

hol, and the conclusions which I had drawn from them.

1st, It was found, that, under powerful voltaic agency, absolute alcohol yield-

ed hydrogen from the negative pole, and no elastic fluid from the positive.

2d, By dissolving minute quantities of certain acid, alcaline and saline bodies

in absolute alcohol, this voltaic agency was greatly favom-ed, through an increase

of the conducting power of the liquid ; To^o^h part of potash having a marked ef-

fect.

Sd, By particular arrangements, as by operating in metallic vessels, elastic

fluid also appeared at the positive pole.

4:th, The quantity of hydrogen obtained at the negative pole was found to be

the same as that given off" from water, under the influence of the same electric

current.

5th, Besides elastic fluid, there were formed in the liquid acted on, certain

products, the same as, or analogous to, those often resulting from the oxidation of

alcohol ; such as resinous matter, carbonic acid which combined with the dis-

solved potash, &c.

Qth, From these various facts it was concluded, that water contained in the

alcohol was the immediate subject of the voltaic agency, its hydrogen being

evolved at the proper pole, and its oxygen being engaged in giving rise, by a se-

condary action, to the products of oxidation, dissolved in, or precipitated from,

the liquid.

7th, As a general inference from the whole, it was farther concluded that, as

the phenomena were obtained with absolute alcohol, that fluid must necessarily

contain water as an essential constituent ; a view which, although previously very

generally adopted, had not, it was conceived, hitherto received any direct experi-

mental proof.

Such were the leading facts and conclusions which it will be easy to shew

are all equally applicable to p3rroxylic spirit. In these investigations, it was

found, that less powerful currents are capable of producing the same effects on

pyroxylic spirit as on alcohol ; a circumstance probably due to the greater abso-

lute quantity, although not greater atomic proportion, of water, in a given weight

of the former of these liquids.

A little more than a dram of the rectified pjToxylic spirit was exposed in a

tube,* with parallel platinum-foil poles, and adapted for collecting evolved elas-

* See fig. 2 of plate in former memoir. Ed. Trans, xiii. pi. xiii.
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tic fluid, to the action of seventy-two pairs of 4-inch plates.* In a few minutes

elastic fluid began to be evolved, and was collected over mercury ; and the liquid

after a time became ^varm, but did not boil. In order to favour the action, the

foils were only about j^oth of an inch apart ; which circumstance made it difficult

to say with certainty, from the appearance alone, from which pole the gas came ;

but from the nature of the elastic fluid, as afterwards determined, as well as from

the subsequent experiments, and the analogy of alcohol, little doubt could exist

that it proceeded from the negative foil. After one and a-half hour's action,

about one-third of a cubic inch was obtained, and, from the diminished action of

the battery, the flow was a good deal slackened. This gas was analyzed in the

voltaic eudiometer, and was found, as in the case of alcohol, to be hydrogen

mixed with a little impurity, which was partly common air or its constituents,

and partly a trace of vapour of the liquid acted on.

The pyroxylic spirit which had been acted on, when mixed with water and

evaporated, shewed a little whitish matter mixed with it, and afforded a peculiar

smell ; and when the evaporation was carried to dryness, some yellowish-white

resinous matter was left.

A minute quantity of pure caustic potash, when dissolved in the liquid, had,

as in the case of alcohol, a wonderful effect in promoting the voltaic action. A
similar quantity of the spirit, as in the last experiment, containing in solu-

tion 5 Jo of pure caustic potash, was acted on in the same apparatus by thirty-

six pairs of 4-incli plates, the platinum foil poles being parallel to one another,

and from one-eighth to one-tenth of an inch apart. Elastic fluid was immediately

evolved, and from the greater distance of the foils it was easy to see that it pro-

ceeded entirely from the negative pole. The action was so intense that the liquid

soon boiled. A cubic inch of permanently elastic fluid was collected over mercury

in a quarter of an hour ; and when two cubic inches had been obtained, the pro-

cess Avas stopped, although gas was stiU coming over. A portion of this gas was

analyzed as before, and found to be hydrogen in a state of nearly perfect purity.

The liquid during the action did not perceptibly change in colour. A little

flocky matter had precipitated, but it did not appear to be carbonate of potash.

Some of the liquid was mixed with water, and after being a good deal concentra-

ted by heat, it became slightly muddy, and a pungent aromatic smell arose, and

some brownish matter was left on evaporating to dryness.

When a little of the spirit containing about ^oo of potash was acted on in a

watch-glass by fifty pairs of 2-inch plates, the platinum-foil poles being simply

approached to one another horizontally, elastic fluid was evolved, as in the pre-

ceding experiment, from the negative pole, and none from the positive foil ; but

* All the batteries employed in the experiments in this paper were, as formerly, on Cruickshanks'

construction.

VOL. XIV. PART I. P
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when a platinum capsule was substituted for the watch-glass, gas arose fi'om

both poles, as had also been observed in the case of alcohol, holding a similar mi-

nute quantity of potash in solution.

A small quantity of chloride of calcium, when dissolved in the spirit, had

also the effect of increasing the action, gas appearing at the negative pole, and

none at the positive in glass vessels.

The most minute quantity of potash which could be employed was found to

have the effect of increasing the action. When only isjtjoth part was dissolved,

the evolution of elastic fluid at the negative pole could be distinctly observed in

a watch-glass with fifty pairs of 2-inch plates ; the pure spu'it itself, under such

circumstances, scarcely shewing the slightest action.*

Although no distinct formation of carbonate of potash was obsen'^ed when

small quantities only of potash were held in solution, the case was different when

a strong solution of the alkali in pyroxylic spirit was acted on. A small quan-

tity of such a solution was exposed to the agency of thu*ty-six pairs of 4-inch plates

in a tube, with parallel platinum-foil poles placed at the distance from one another

of about Atli of an inch. In this case a copious evolution of elastic fluid took place

from the negative pole as usual ; but gas also arose, although in less quantity,

from the positive, owing to the greatly increased action from the concentration

of the liquid, and also to the now notable quantity of water in the hydrate of po-

tash dissolved. The liquid boiled in a few minutes, and soon acquired a red co-

lour ; and a good deal of white matter was deposited, which proved to be carbo-

nate of potash. The red liquid acquired a strong peculiar odour, and when mixed

with water became muddy, and got a yellow tint, evidently from the separation

of oily or etherial matter which had been formed during the action.

The true nature of the voltaic action in all ' he experiments which have been

detailed appears to be sufficiently obvious. Water is decomposed, as was the case

Avhen alcohol was employed instead of pjroxylic spirit. Its hydrogen is evolved

at the negative pole, whilst its oxygen is employed in giving rise by a secondary

action to the formation of small quantities of resinous, oily, or etherial matter,

and also carbonic acid when the action is energetic. In the last described expe-

riment, the quantity of as generated at the positive pole being larger than in the

* If anj' one should imagine that the water of the hydrate of potash employed has any effect on

these experiments, he is at liberty to calculate the quantity of water in
i
p^jjgth part of potash, held in

solution by a few drops of spirit contained in a watch-glass. gain, the quantity of spirit acted on in

the experiment in the preceding page, contained .16 of a grain of hydrate of potash, which contains .03 of

water, equivalent to .154 of a cubic inch of hydrogen. But above two cubic inches of hydrogen were

collected, and the process was stopped while the evolution was going on. Similar observations apply to

the experiments with alcohol. The true action of the potash in these cases is just the same as when it

is dissolved in water itself. It increases the conducting power of the liquid, aided, in the case of alcohol

and pyroxylic spirit, by a circumstance to be noticed immediately.
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others, the excess beyond what was requn*ed for the secondary action was libera-

ted. This fact was more particularly determined in regard to a strong alcoholic

solution of potash, as will be afterwards noticed, and the analogy was sufficiently

obvious. The resinous, oily, or etherial matters were never found in sufficient

quantity to admit a more particular examination of them ; an observation which

applies equally to the formerly detailed experiments with alcohol.

The extraordinary extent to which dissolved potash promotes the voltaic ac-

tion on alcohol and pyroxylic spirit, appears to be in part due to its disposing affi-

nity for the resinous or acid secondary products.

As a farther proof that water was the true subject of the direct voltaic action,

an experiment was made with the volta-electrometer, as had been done in the case

of alcohol. The current from thirty-six pairs of 4 inch plates was passed through

pyi-oxylic spirit containing slo part of potash dissolved, and also through water

containing the same quantity of potash, in the apparatus fig. 6. of former memoir,

the pyroxylic solution being placed in the bent tube sealed at the negative end.

Gas was evolved from all the poles except the positive of the spirit solution, and

at the end of 1 hour 5"" there was found in

N of the pyroxylic solution .10 cub. in.

N of the aqueous solution .12 — —
P of the aqueous solution .05 — —

Thus the quantities of hydrogen evolved from the two negative poles were suffi-

ciently similar in amount to confirm the view, that water in both cases was the

subject of decomposition.

It being thus in the whole circumstances sufficiently clear, that when py-

roxylic spirit is submitted to voltaic agency, water contained in the liquid is re-

solved into its elements by the direct operation of the current, it is conceived that

experimental proof is thus afforded that pyroxylic spirit, like alcohol, contains

water as an essential constituent. When allowance is made for the diiference of

temperature at which the specific gravity of the spirit was taken by MM. Dumas

and Peligot and myself, the observed densities probably hardly differ ; and no

material variation on the nature of the action occurred in the case of alcohol, un-

der much more considerable diversities of specific gravity.

Since the substance in the pyroxyhc series, corresponding to ether in the al-

cohol series, bears the gaseous form, I did not attempt to submit it to voltaic ac-

tion ; but I can hardly doubt that, had it been a liquid, the same analogy would

have been she^vn in its electric relations, with respect to ether, as pjrroxylic spirit

exhibited in regard to alcohol. Following out the general analogy between the

two series, I am inclined to adopt the same view in regard to the constitution of

the two liquids of the one series as with respect to those of the other ; and as it

appears to be sufficiently proved that pyroxylic spirit is a hydrate, it may be re-
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garded as a hydrate of pyroxylic ether, in the same way that alcohol was viewed

as a hydrate of sulphuric ether. In my former experiments, I had found that

sulphuric ether resisted the action of the most powerful voltaic battery which I

had at my command, nor could I discover any substance which, when dissolved,

led under voltaic agency to any appearance which countenanced the idea that it

contained water, as such, as a constituent ; and I therefore concluded that water,

as such, did not enter into its constitution. On those views, the formula of py-

roxylic ether will be H^ C^ 0, and that of p}Toxylic spirit H" C^ + H^ 0. In this

way no hypothetical radicle is assumed as the basis of which pyroxylic ether is

considered as the oxide, the latter being viewed, like sulphuric ether, merely as a

ternary combination of its constituent elements.* Neither am I acquainted with

any experiment which proves the existence of the hydro-carbon H^ C, as such, in

the pyroxylic series, any more than that of the hydro-carbon H* C^ in the alcohol

series. Indeed, the former hydro-carbon has not yet been obtained in a separate

form in a state of purity, so that even its own existence is still in some measure

h3rpothetical. It may be questioned, therefore, whether we have reaUy made much

greater progress towards a knowledge of the existence of the hydro-carbon W C

in combination as such, in consequence of the discovery of the pyi'oxylic combina-

tions, than when we only knew of the sesqui-chloride of Dr Thomson. If we con-

tent ourselves with saying, that throughout the pyroxylic series certain elements

are substituted for certain other elements throughout the alcohol series, we do

little more than express a matter of fact, with scarcely any theory. The ele-

ments so substituted appear to me to be 6 atoms of hydrogen and 2 atoms of car-

bon in the pyroxylic series, for 10 atoms of hydrogen and 4 atoms of carbon in

the alcohol compounds, and the analogy between the two series appears to be

nearly as well preserved on this view as on any other. I have in contemplation

some voltaic experiments on the compound ethers of both series, which may pos-

sibly throw some light on the nature of the combinations.

11.— Voltaic Action on Aqueous Solutions.

In my former paper I endeavoured to show that an electric current of suf-

ficient intensity to decompose distilled water, did not cause the appearance of

chlorine or iodine in aqueous solutions of the corresponding hydracids and haloid

salts, where the evolution of oxygen at the positive pole did not actually take

place in the solution, but in distilled water connected with that sohition by as-

* Even should we assume that pyroxylic ether and sulphuric ether unite with acids after the man-

ner of bases, this circumstance will not, I conceive, prove them to be oxides, consisting of radicles as

such and oxygen, any more than the same circumstance proves the vegetable ali^alies, altliough undoubt-

edly bases, to be oxides, or than the circumstance that the vegetable acids unite with alkalies, shews that

they consist of radicles and of oxygen.
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bestus ; and that chlorine or iodine only appeared after a considerable time in the

positive water, when acid had passed over into it, so as to afford room for a secon-

dary action.* These experiments were made with such moderate voltaic powers,

as 50 pairs of 2 inch plates, but still sufficiently energetic to decompose distilled

water, and, therefore, far more capable of producing the ordinary appearances in

solutions, of hydracids and haloid salts, when both poles were placed in the solu-

tion : and I have since had occasion fully to confirm the results, with stronger

powers. The consequence of employing more powerful batteries is just what might

have been anticipated. The chlorine, and particularly the iodine, make their ap-

pearance sooner, and why ? because acid is sooner carried over into the positively

electrified distilled water, as shown by test-paper, and because the reducing energy

of the battery from evolved oxygen is increased.

Thus, when muriatic acid diluted with between twice and thrice its bulk of

water was placed in a tube A, Fig. 1, Plate II, of the capacity of 1^ dram, connect-

ed with the negative side of a battery of 72 pairs of 4 inch plates, and distilled wa-

ter in a similar tube B, connected with the positive side, the tubes being connected

with one another by a bundle of asbestus about ^th inch thick, acid was detected at

the positive pole within three or four minutes, with effervescence from both poles,

and in six minutes a very doubtful trace of the smell of chlorine was discernible,

but when test-paper was dipped into the liquids, no trace of bleaching was ob-

served. After half an hour's action, the smell of chlorine in B was still slight, and

the liquid in it showed an acid reaction, but no bleaching ; whilst the liquid of the

other tube neither had any smell of chlorine, nor did it bleach. The battery was
now reversed without replenishing it ; the platinum foil, which was in the water,

and had formerly been positive, being now connected with the negative side of

the battery, and the foil in the muriatic acid being now made the positive pole.

An instant pungent smell of chlorine arose from the now positive tube, with brisk

effervescence from the negative pole, and rather less from the positive ; and test-

paper was bleached at the positive pole as soon as the reaction was tried, which
was in less than one minute.

When a moderately strong solution of hydriodic acid was next substituted

for the muriatic acid, all other circumstances being exactly the same as in the

commencement of the preceding experiment, and the voltaic power being the

same and in fresh action, a commencement of browning, as from the formation of

iodine, was observed, in about five minutes, in the liquid B, with effervescence

from both poles, and at the same time a slight acid reaction was observed on the

asbestus close to the same place. This browning went on increasing, and the

acid reaction became quite obvious at the positive pole, the effervescence still con-

tinuing there, although considerably less than at the negative pole. In about

* Edinr. Trans, xiii., 339, et seq.
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twenty minutes the battery was reverse'd as before described ; instantly the posi-

tive foil was covered with red matter, without any evolution of gas from that

pole, and dense red liquid continued to fall from it, a brisk effervescence going on

at the same time at the negative pole.

In these experiments it is evident that the appearance of chlorine or iodine

at the positive pole before reversal, is dependent on acid passing over into the

positive water ; and the appearance is sooner obsen^ed and much more marked

in the case of iodine than in that of chlorine, because hydriodic acid is a much
weaker and more easily reduceable combination than muriatic acid, although the

reaction of the latter acid on the positive side is much more marked than that of

the former. On reversal, chlorine or iodine alone appears at the positive pole, and

that instantly, the oxygen being entirely employed in reducing the corresponding

acid. In the experiments formerly detailed, when weaker powers were employed,

the chlorine or iodine was much longer of appearing previous to reversal, just be-

cause acid was longer of being carried over in sufficient quantity to make its secon-

dary decomposition visible under the less energetic oxidating agenc}^ In this point

of view moderate powers are perhaps best calculated for such experiments, be-

cause the apparent contrast between the results at the positive pole before and

after reversal is more striking, although the appearances with more powerful bat-

teries are, on a very slight reflection, equaDy indicative of a secondary action.

The experiment with hydriodic acid was varied by connecting two glass-cups,

of the capacity of a quarter of an ounce containing water, with the tube A of 1^

dram measure containing the acid, the acid being made negative by a battery of

72 pau-s of 4 inch plates, and one of the water-glasses C positive ; the other B,

being intermediate, and all the three vessels being connected by asbestus, as in

Fig. 2. Slight effervescence was observed at both poles, in one or two minutes.

During the first fifty minutes not the least discoloration of any of the liquids was

observed. A few minutes afterwards the positive liquid in C began to acquire a

very slight bro\vn tint, with slight acid reaction at the positive pole ; and in ten

minutes more the brown tint throughout the liquid in C was quite decided, with-

out the slightest discoloration of that of B or A ; and acid was also observed on

the asbestus between B and C. The battery was then reversed, when the usual

instant discoloration ensued at the positive pole without effervescence, while gas

arose from the negative. Here, again, the iodine which appeared in the positive

liquid before reversal, evidently owed its origin to a secondary action on the acid,

which had travelled to the positive pole through the liquid in B.

A moderately strong solution of chloride of potassium was now placed in A,

fig. 1, connected with the negative side of seventy-two pairs of 4-inch plates, and

distilled water in B, connected with the positive side, asbestus being interposed as

usual. In two or three minutes acid appeared at the positive pole, and near the
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positive extremity of the asbestus, with effervescence from both poles ; and in

about eight minutes a slight odour of chlorine was observed, and also acid reac-

tion at the positive side of the liquid in A. In a quarter of an hour test-paper

was not bleached when dipped into either tube. After upwards of twenty mi-

nutes, no smell of chlorine could be distinguished in A, and when the action was

then suspended the odour in B was still only slight. The battery was now re-

versed as before described. An instant smell of chlorine arose, with effervescence

from the positive pole, and test-paper was bleached there within one minute.

Effervescence also from the negative pole.

A moderately strong solution of iodide of potassium was now substituted for

chloride of potassium, all other circumstances, including the voltaic power, being

the same as at the commencement of the preceding experiment. In five minutes

there was acid reaction at the positive side of the liquid in A ; and about the same

time browning was observed to be just beginning in the positive liquid near the

termination of the asbestus, and extending to the positive foil. This browning

went on increasing in the positive liquid, with acid reaction on the neighbouring

asbestus and positive side of the negative liquid. The colour of the negative li-

quid was not changed. In this particular experiment the battery was not rever-

sed ; but in numerous others with the smaller powers, it was always found that

the reversal caused immediate production of iodine at the positive pole without

effervescence, whilst gas arose from the negative.

These results are quite conformable to those with the hydracids. Chlorine

or iodine appears in virtue of acid passing to the positive side and suffering a se-

condary action. The degree of observed secondary action is proportional to the

facility with which the corresponding acid is decomposed by nascent oxygen, and

not to the absolute quantity of acid which appears at the positive side, the se-

condary action being strongest in the case of iodide of potassium, whilst the quan-

tity of acid on the positive side is much smaller than in the case of chloride of po-

tassium. I shall afterwards describe an experiment similar to that with hydrio-

dic acid and two other vessels of water, in confirmation of these views. I shall

then also state the grounds which have led me to infer from the appearances un-

der galvanic agency, that haloid salts do not exist in solution as such, but as hy-

dracid salts ; in other words, that when dissolved they decompose water.

It was shewn a few years ago by M. de la Rive, that when a mixed solution

of bromide of iodine and starch in water was acted on voltaically, iodine appeared

at the positive pole, and formed the usual blue combination with the dissolved

starch.* By an experiment conducted on similar principles with those just de-

scribed, I have been led to conclude, that the action is here also a secondary one.

The mixed solution placed in a tube was connected with the positive side of fifty

* Annales de Chim. et de Phys. xxviii. p. 160.
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pairs of 2-iiich plates, and a solution of starch in another similar tube was con-

nected with the negative side, asbestus intervening as usual. Effervescence

speedily ensued from both poles, but after forty minutes' action not a trace of any

blue colour was observed in either tube. The battery was then reversed. Within

two minutes, the blue combination appeared round the negative foil now in the

mixed solution, the effervescence ceasing at that pole, but continuing at the posi-

tive pole. Had the bromide been directly decomposed, iodine ought to have been

liberated, and the blue colour produced in one or other of the tubes before reversal

;

but as this change did not occur till after reversal, the effect was due to nascent

hydrogen at the negative pole. This hydrogen must have combined with bromine

if the bromide is dissolved as such, as is usually held, or with oxygen if the whole

or a part of it decomposes water, forming hydrobromic and iodic acids.* It is

plain, however, that the experiment is equally effectual on this view as on any

other for the purpose to which M. de la Rive applied it, that of detecting iodine

in bromine. It does not, however, prove that bromine when in combination with

iodine is carried to the positive pole ; but on passing the current from thu*ty-six

pairs of 4-inch plates through liquid bromide of iodine, neither water nor starch

being present, I found the galvanometer to be decidedly, although not powerfidly,

affected ; and although in the course of a few minutes' action I could not notice the

appearance of either bromine or iodine at the respective poles, yet the quantities

carried to the poles may have been too minute for observation, or they may have

been redissolved by the bromide as soon as carried to the extremities.

III.— Voltaic Action on Alcoholic Solutions.

In my former voltaic experiments on alcohol, the object was merely to pro-

mote the action by dissolving such minute quantities of different substances as

served to increase the conducting power of the liquid. At present, it is intended

to examine the nature of the changes produced by electric agency on alcohohc so-

lutions of greater strength.

The appearances presented by solutions of acid, alkaline, and saline substan-

ces in alcohol under voltaic action have, generally speaking, a great resemblance

to those offered by the corresponding aqueous solutions ; and when we consider

that water as such enters into the constitution of alcohol, and suffers its ordinary

electric decomposition, it is not surprising that this resemblance in the phenomena

should take place ; the principal difference being, that oxygen is hardly ever

* I am quite aware that when both the poles are introduced directly into the mixed solution, the

voltaic power being in fresh action, there is effervescence at both poles, along with the appearance of io-

dine at the negative ; but in this case I apprehend that a part, although not the whole, of the hydrogen

enters into the new combination.
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evolved at its proper pole, being employed in there producing secondary effects

either on the solvent or the dissolved body.

When an ordinary oxy-acid salt, of a powerful base, such as nitrate of lime,

is dissolved in absolute alcohol, the acid and base go to then- proper poles under

voltaic agency, as in a similar aqueous solution, but much more slowly, efferves-

cence taking place at the negative pole, and little or none at the positive. Where

the base is not of difficult reduction, as in nitrate of zinc, the evolution of gas at

the negative pole is diminished, and metal reduced by hydrogen separates at that

pole, mixed with oxide.

When an acid whose elements are strongly united, as boracic acid, or an

alcali, as potash, is held in solution, effervescence appears at the negative pole,

but none at the positive, unless in the case of a strong solution of a hydrated

alcali, when a slight evolution of gas also occurs at the positive pole ; and in these

cases, appearances do not indicate any decomposition of the dissolved body.

When an alcoholic solution of a haloid salt is acted on, no gas is evolved from the

positive pole ; but in the case of an iodide there is immediate separation of iodine

at that pole, which is dissolved by the solution, giving it a deep red colour.

When the metal of the haloid salt is one of powerful affinities, as potassium, cal-

cium, or magnesium, there is brisk evolution of hydrogen, and more or less ap-

pearance of the oxide of the metal at the negative pole ; metal appearing in that

case to be first reduced by a portion of the nascent hydrogen, which combines

with the electro-negative element of the haloid, and then to react on the water

of the alcohol ; and a portion of the oxide, when it is soluble in alcohol, being

also drawn from, the positive pole, where it has been formed by another secondary

action. Where the metal is of more easy reduction, as in the case of zinc, the

effervescence at the negative is diminished, although it does not cease, and metal

separates there, apparently in consequence of a part of the hydrogen combining

with the electro-negative constituent of the haloid salt.

When absolute alcohol, holding in solution chloride of magnesium, prepared

by Liebig's process, is acted on in a close tube, magnesia separates, after a few

hours' action, as a transparent and colourless crystalline layer, covering the nega-

tive platinum-foil, and much resembling the native hydrate of magnesia.*

I formerly stated the changes produced by voltaic agency on alcohol, con-

taining very small quantities of potash in solution ; I shall now shew the action

on a strong solution.

Rather more than an ounce measure of a saturated solution of hydrate of

potash in alcohol was submitted to the action of thirty-six pairs of 4-inch plates,

by parallel platinum-foil poles, placed at the distance of one-sixth or one-seventh

* When this transparent substance was heated, it gave off moisture, so that it appeared either to be

a hydrate or an alcoate of magnesia, but the experiment had afforded too little to determine this point.
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of an inch from one another. A brisk effervescence ensued from the negative

pole, and considerably less from the positive, and the mixed gases were collected

over mercury. After twenty to thirty minutes' action, the liquid began to deepen

in colour, and when the foils were examined after nearly an hour's action, the

positive foil was found to be fringed with white matter, which was afterwards

ascertained to be carbonate of potash. In seven and a-half hours, after which time

a moderate effervescence was still going on from the negative pole, and none from

the positive, the liquid had acquired the colour of Port wine, and after twenty-

two hours' action, when a feeble effervescence was still observed, the colour had

become a very dark red ; and carbonate of potash was collected at the bottom of

the liquid, having doubtless gradually fallen from the positive foil, which was

found to be still fringed with that salt. When the red solution was evaporated

nearly to dryness, re-dissolved in water, and saturated with mm-iatic acid, an

abundant precipitation of resinous matter ensued.*

The hydrogen which was collected dm*ing the second quarter of an hour of

the preceding experiment, was found to contain about jg of oxygen, which had

come from the positive pole, the difference between this proportion and that in

water, having been employed in producing the secondary action, from which the

resinous matter resulted.

I formerly shewed that when the same electric current was passed through

absolute alcohol containing a small quantity of potash, iodide of potassium, or

chloride of calcium, and through water either containing the same proportion of

the same substance, or simply acidulated with sulphuric acid, the quantity of

hydrogen evolved at the negative pole from both solutions was the same.f I

* It would appear that Dobereiner had observed the formation of resinous matter in small quan-

tities, in a galvanized solution of potash in alcohol (Pog. Annal. xxiv. 609), but he says nothing of any

evolution of elastic fluid at either pole ; and although he regarded the formation of resinous matter as an

effect of oxidation, he gives no more explicit opinion as to the source of the oxygen or nature of the ac-

tion. On the other hand, M. Ludersdorf {lb. xix. 77), like Dr Ritchie, had observed that absolute

alcohol, holding nothing in solution, gave olF, under strong voltaic agency, elastic fluid from the negative

pole ; but he did not state that it was hydrogen, and, on the contrary, seems to have thought that it was

not hydrogen, from the colour of its flame. I have found that the hydrogen evolved from pyroxylic spirit

under electric action, when it contained a little of the vapour of the spirit mixed with it, burned with a

blue flame, but when freed from that vapour, by being washed with solution of potash, it burned with a

pale whitish flame. In analyzing, by the voltaic eudiometer, the gases obtained in such experiments,

deceptive appearances, if we are not on our guard, may arise from the production of small quantities of

carbonic acid, proceeding from the presence of vapour of the spirit which has passed over. I had read

both Dobereiner's and Ludersdokf's observations, when first published, but in the two or three inter-

vening years they had escaped my memory, until again recalled to it by allusions to them which I met

with in the course of my reading, subsequent to the publication of my former paper ; and even if I had

remembered them at an earlier period, they could not have superseded any part of my researches.

t Edinb. Trans, xiii. 327, et seq.
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have since compared, in the same way, some other alcoholic and aqueous solu-

tions. Thus, absolute alcohol, containing ^o of dry nitrate of lime, was placed in

the bent tube A, Fig. 6, of former memoir, and water acidulated with A of sul-

phuric acid in the tubes and evaporating basin B, the positive pole of the one

solution, and the negative of the other, being in metallic connection. The cur-

rent from thirty-six pairs of 4-inch plates was passed through both solutions,

and in an hour and forty minutes there was collected from the negative pole of the

alcoholic solution .0375 of a cubic inch of hydrogen, and .039 from the negative

pole ofthe aqueous solution, lime appearing at the same time at the negative pole

ofthe alcoholic solution, and acid at the positive. The quantities of gas were thus

very small from the feeble conducting power of the solution, but sufficiently similar

in amount to shew that in both solutions water had been decomposed. The same

experiment was now made, substituting an alcoholic solution of -io of boracic acid

for the nitrate of lime solution, all other circumstances, including the voltaic

power, being the same. The conducting power of this alcoholic solution was still

more feeble than that of the other, insomuch so, that for some time I thought

there would not have been any sufficient action to afford room for a comparison

;

although when an alcoholic solution of boracic acid is acted on in a tube with

parallel platinum foil poles, the action is immediately seen. In three hours

the charge of the battery was renewed, and the whole left for eighteen hours

farther. No deposit was, during the whole time, formed on either foil in the boracic

solution, nor was any gas evolved from the positive pole in it. At the end of the

above mentioned time, there was collected from the negative pole in the alcoholic

solution .025 of a cubic inch, and from that in the aqueous solution .035. Thus

this result, from the very feeble conducting power of the solution, was much less

regular than in any former trial ; but still I think it will be admitted that it at

least does not interfere with the conclusion, that in this case, as was evident in

all the other cases, water was the subject of the voltaic agency ; and there were

no other appearances which indicated that boracic acid had been decomposed.

It wiU I hope be granted from the various phenomena, which have been de-

scribed now and formerly, that when alcoholic solutions of acids, alkalies, and

oxyacid salts are submitted to voltaic agency, the water of the alcohol is the subject

of direct electric action, and that the dissolved body, with the exception of oxyacid

salts, is not decomposed. In regard to alcoholic solutions of haloid salts, how-

ever, it might perhaps be held from the electro-negative constituent actually ap-

pearing, at least in the case of iodides, at the positive pole, that it is really the

haloid salt which is directly decomposed, and that the definite quantity of hydrogen

at the negative pole, arises from the reaction of the metal ofthe decomposed haloid,

on the constituent water of the alcohol ; a view which, of course, would afford
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equally satisfactory evidence as the other, of the existence of water as such in

absolute alcohol. I have now, however, to describe a variety of experiments ana-

logous to those made with aqueous solutions of haloid salts, from which I con-

ceive it follows that water is directly decomposed in alcoholic solutions of such

bodies, as well as in those of other substances, and that the appearance of iodine

at the positive pole in such solutions, is a secondary effect ; and I hope I shall be

pardoned for some minuteness of detail, with a view to the general conclusion

alluded to in the commencement of the paper.

Absolute alcohol containing in solution as much dry and pounded iodide of

potassium as it took up in three quarters of an hour's digestion, at a temperature

ofabout 130°, which was about loth, was placed, when cold, in a glass tube A fig. 1

.

of the capacity of 1^ dram, connected with the negative side of a battery of fifty

pairs of 2-inch plates ; and distilled water in a tube B of similar capacity connect-

ed with the positive side, a bunch of asbestus of about ^th inch thick, and moistened

with alcohol, being interposed between the tubes. In one or two minutes gas be-

gan to be evolved from both poles. In five minutes a little brown matter like iodine

began to be deposited in the positive water, in the immediate neighbourhood of

the positive pole ; and at the same moment an acid reaction was observed on the

asbestus at its extremity on the positive side, and an alkaline at the negative pole,

as well as on the positive side of the negative liquid. Both the broA\ming and the

acid reaction went on encreasing ; as weU as the effervescence at the negative

pole, that at the positive continuing but not encreasing.* In about half an hour,

in which time the positive Uquid had become pretty brown, whilst the negative

was not at all discoloured, the battery was reversed as before described, and

without renewing the charge. The positive pole now in the alcoholic solution

was immediately covered with reddish brown matter, and a red liquid couuinued

to fall from it, there being no evolution of gas from that pole, but an effervescence

from the negative, and in a few minutes alkali was detected at the negative pole.

In some previous experiments, with a similar arrangement and the same

voltaic power, the principal differences being, that the connecting bunch of asbes-

tus was not so thick, and the positive pole perhaps a little farther from the asbes-

tus, the acid reaction could not be detected, although the browning appeared af-

ter a certain time, and these experiments, as well as the circumstance that iodine

usually appeared at an earlier period with an alcoholic than with an aque-

ous solution, at first led me to think that iodide of potassium in solution in alco-

hol was really directly decomposed under voltaic agency ; but the detecting acid

* It was necessary from time to time to add a little alcohol to the negative liquid, to prevent its

level getting too low, an observation which applies to all the subsequently detailed experiments with al-

coholic solutions.
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as above stated, as well as more decidedly when stronger powers were employed,

—

that acid also appearing proportionally sooner in the positive liquid when alcoho-

lic than when aqueous solutions were employed—soon shewed me the true nature

of the action, and that the acid was not detected in the instances alluded to,

merely from its having been formed in smaller quantity, and having suffered that

decomposition to which it is so subject, as soon as it passed to the positive side.

Whence the acid comes I shall explain presently.

When a power of seventy-two pairs of 4-inch plates was employed, all the

other arrangements being exactly the same as in the beginning of the experiment

described in the preceding page, acid was detected in five minutes not only at the

positive end of the asbestus, but on the positive side of the negative alcoholic so-

lution, with alkali at the negative pole ; browning having begun to appear about a

minute before, and effervescence at both poles still earlier. The browning went

on increasing, without any discoloration having occurred in the negative tube in

a quarter of an hour. The battery was then reversed, when the usual instant dis-

coloration ensued at the positive pole.

In these experiments, therefore, the appearance of iodine at the positive pole

before reversal of the battery, is really dependent on hydriodic acid being drawn

to that side, and decomposed by nascent oxygen, as in the case of aqueous solu-

tions of iodide of potassium. The hydriodic acid comes, I conceive, principally

from the point where the alcoholic solution is in contact with water, and where it

becomes an aqueous one of hydriodate of potash, which salt is resolved hito its

constituent acid and alkali by the voltaic agency.

Another source of the acid seems to be the secondary action of hydrogen at

the negative pole, in virtue of which acid and alkali appear to be there formed

as formerly stated, the acid being immediately afterwards carried towards the

positive pole ; and accordingly, in one of the preceding experiments, where the

stronger power was employed, acid was detected in the alcoholic liquid,—the af-

finity of potassium for the oxygen of the water of the alcohol of course forming

this secondary action.

There is another arrangement which shows, I think, still more clearly the se-

condary nature of the action, in virtue of which iodine appears.

The usual alcoholic solution of iodide of potassium was placed in a tube A,

fig. 2. of the same size as before, and connected on the one side with the negative

side of seventy-two pairs of 4-inch plates, and on the other by asbestus, with a

glass cup B of the capacity of Ith of an ounce containing water, which, in its turn,

was connected by the same means with another glass cup C, also containing wa-
ter, which was made positive. Within the first quarter of an hour, acid was de-

tected at various places on the intermediate asbestuses, and at the positive pole

;
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with alkali at the negative, and effervescence at both poles ; but in that time no

discoloration of any of the liquids was visible. In twenty-five minutes the water

in C had acquired a uniform although shght brown tint ; and in forty minutes

this brown colour had become much more decided. The liquid in B had been

acid for some time, and was quite colourless, with the exception of the slightest

possible yellow tint which its upper layer had acquired, and which was not only

confined entirely to the upper part, but was far less deep than the brown colour

which the whole of C had acquired. The liquid in A was not at all dis-

coloured.

This experiment was repeated with the same arrangement and same power,

the only difference being, that the three tubes were all of the size of 1^ dram.

In fifteen minutes a slight browning commenced near the positive pole in C, with

acid on both sides of the liquid in B, and on the asbestus between B and C. In

forty minutes C was brown throughout, and neither A nor B at all discoloured ;

and when in fifty minutes the process was stopped, the liquid in C smelt like a

strong solution of iodine, whilst that in A and B was still without the least change

of tint.

It seems clear, that in these two experiments iodine appeared in the posi-

tive tube C, only in virtue of hydriodic acid having been drawn through the water

in B into that in C, and there decomposed by nascent oxygen. The very trivial

discoloration of the hydriodic liquid in the upper layer of B in the former of

these experiments, was, I conceive, merely accidental, and arose fi'om some sub-

ordinate secondary action, caused probably by the evolution of a few bubbles of

oxygen, at some of the intermediate points on the asbestus. Some similar instan-

ces will afterwards occur, and in these experiments we ought always to bear in

mind how extremely susceptible of decomposition hj^driodic acid is. The main

secondary action was plainly that in C. This was made still clearer by an exa-

mination of the aqueous liquids in B and C, after the close of the experiments.

When the liquid in B was examined, both before and after concentration by heat,

it was found to be a weak solution of hydriodic acid. On the other hand, when

the Uquid in C was concentrated by heat till the free iodine had been all expelled,

it was found to be a weak solution of iodic acid ; in other words, the hydriodic

acid passing from B to C, as shown by the acid reaction on the asbestus between

them, had not only been decomposed, and its iodine set free, but a part of that

iodine had been oxidated by the excess of oxygen at the positive pole. If any

doubt remained as to the existence of a secondary action, these facts, I think,

would suffice to remove them.

I have mentioned, that in these experiments iodine appeared sooner on the

positive side than with aqueous solutions. This circumstance arises from acid

appearing sooner on the positive side of the asbestus in the former case than in
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the latter, apparently owing to an action of the nature of endosmose; in which

way a little of the salt itself may also be carried over, so as to augment the secon-

dary action.

Alcoholic solutions of chlorides are less well adapted for such experiments

than those of iodides, because if chlorine were evolved in an alcoholic liquid, we

know that it would immediately react on the alcohol, giving rise to muriatic acid

and other products. Still, if such a solution were connected in the usual way

with water, some portion of the chlorine, if directly produced, might perhaps

escape this reaction. It is at least proper to state the result actually observed,

when it will appear that nothing contrary to the idea of a secondary action was

noticed.

Absolute alcohol containing i^gth of recently ignited chloride of calcium was

placed in a tube A of one and a half dram capacity, and connected by asbestus

with water in a similar tube B, as in Fig. 2, the former liquid being made nega-

tive and the latter positive, by a power of 72 pairs of 4-inch plates. In four

minutes acid appeared at the positive pole, and an alkaline reaction at the nega-

tive, with effervescence from both poles, but no smeU of chlorine was perceived.

After half an hour's action, there was still no smeU of chlorine in either tube, nor

any bleaching action, whilst the positive liquid was acid, and the negative showed

an alkaline reaction, and the negative foil was coated with lime. On reversal, no

chlorine was disengaged in the positive liquid, because it immediately reacted on

the alcohol, which in consequence soon became strongly acid. In short, this ex-

periment, if it affords no positive evidence in favour of a secondary action, is at

least perfectly explicable on that idea.

Before proceeding to draw these general conclusions as to the nature of the

voltaic decomposition of solutions in different solvents, to which I alluded in the

outset of this paper, I think it better to describe those experiments which appear

to illustrate the states in which haloid salts exist in solution in alcohol and

in water, because additional evidence will be, in the course of them, afforded

of the secondary origin of the electro-negative constituent of such salts in the

electric decomposition of their solutions, and because we shaU be better able to

draw the conclusions referred to when the nature of such solutions has been

examined.

IV.— Voltaic Experiments illustrative of the state in which Haloid Salts are dis-

solved by water.

The question, whether chlorides and other analogous salts are dissolved as

such by water, or decompose it, and exist in solution as muriates, &;c. remained

after the old theory of the nature of chlorine had been abandoned, and the simple

nature of that substance had been universally acknowledged. At the present
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day this remnant of that celebrated controversy still, in some measm*e, divides

the chemical world, although undoubtedly the view that chlorides exist as such

in solution has latterly gained ground very considerably, and numbers amongst

its supporters many of the most distinguished British and foreign chemists. Be-

fore, therefore, venturing to state those galvanic experiments which appear to me
to lead to the opposite opinion, I would wish, first, to advert very briefly to some of

those arguments which have been adduced within the last few years in support of

the existence of chlorides in aqueous solutions, for the purpose of inquiring whe-

ther any of them is of such force as to admit of no answer, and consequently may
induce us to presume some fallacy in views leading to a contrary conclusion.

M. Dumas has argued, that because ether can separate the chlorides of iodine,

of gold, of mercury, &c. from water, they must therefore exist in water in the

same state in which they are dissolved in ether, i. e. as chlorides*. To this argu-

ment, the answer which Berzelius suggests for the use of the advocates of the

opposite doctrine, although not himself a supporter of it, seems sufficient ; the

affinity of ether for the chloride may determine the decomposition of the muriate

and the formation of water f.

Matteucci supposed, because he found that a weak voltaic power, which

was incapable of decomposing acidulated water, produced, in aqueous solutions of

metallic chlorides and iodides, metal at the negative pole, and chlorine or iodine

at the positive, that, therefore, the chlorides and iodides had existed as such in

solution, t This result is easily explained, on the view of a secondary action con-

sistently with the solution of a muriate and hydriodate. The affinity of hydro-

gen for the oxygen of the oxide, and of oxygen for the hydrogen of the acid, leads

to the voltaic decomposition of water in these circumstances, although, in the

ordinary case, it might not occur with the power used ; and a secondary production

of metal and chlorine or iodine ensues.

An argument much more effective than either of the preceding, is one brought

forward by Berzelius, in noticing that of Dumas. ^ A solution of chloride of so-

dium evaporates at common temperatures, and leaves dry chloride of sodium. If

a muriate was dissolved, then the tension of the water formed from the oxygen

of the base, and hydrogen of the acid of the muriate, has come into play before

its elements were united as such ; or if it be said that this view involves no im-

possibility, still such tension must be admitted to be weaker than that of ready

formed water ; and yet chloride of sodium begins to be deposited by a saturated

solution whilst water still remains. Considering the ingenuity of this argument,

as well as the authority from which it comes, it is with hesitation that I at-

* An. Ch. et Phy. xliv. 271. f Jahrsbericht, xi. 56.

J An. de Ch. et Phy. xlv. 324. Jahrsbericht, xi. 57.
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tempt to answer it ; but I confess it appears to me to admit of a reply. The in-

fluence which water has on a variety of chemical phenomena has been shewn

by M. Pelouze, and that of quantity and cohesive force was long ago pointed out

by Berthollet ; and in regard to the phenomena of solution, the operation of

quantity is generally acknowledged. By the aid of such principles, the appear-

ances under consideration seem to admit of explanation. Since every substance

is dissolved, in consequence of a chemical affinity between it and the solvent, it

follows, that if a chloride is dissolved as a muriate, the affinity of water for the

muriate has a considerable share in determining the union of the metal with oxy-

gen, and ofthe chlorine with hydrogen. Now, when the water of such a solution

has evaporated away to such an extent as to leave a completely saturated solu'

tion, the affinity of the oxygen and hydrogen of the muriate for one another is re-

sisted by the attraction of a much smaller quantity of water for the muriate than

formerly, and is now aided by the incipient cohesive attraction of the salt in the

act of crystallization, joined to the powerful affinity of chlorine and sodium for

one another. The affinity of the elements of water, therefore, under the circum-

stances in which they now come to he placed, and not its tension before its exist-

ence, I should humbly think is the cause of the union of these elements ; and this

affinity may very well come into play under the circumstances mentioned^ before

the vaporizing tendency of the remaining actual water takes full effect ; and it

farther seems probable, that the affinity of the remaining muriate for water will

aid this union of the oxygen and hydrogen of the salt in the act of crystallization,

the water formed by the union of the oxygen and hydrogen of the salt probably

uniting with the dissolved muriate before its dissipation by evaporation.

In so far, therefore, as I am able to judge, it does not appear that any of these

ai'guments foreclose the inquiry ; and we may still be at hberty to bring forward

illustrations on the other side.

Let us assume for a moment, that chlorides and iodides are dissolved as such

in absolute alcohol, and as muriates and hydriodates in water. Let us next sup-

pose these alcoholic and aqueous solutions exposed to voltaic agency, under cir-

cumstances in which no secondary action can take place at the polesfrom emhed oxy-

gen and hydrogen. What ought to happen in the two cases of alcohohc solution

and of aqueous solution ? Surely this. In the alcoholic solution, since it has been

shewn, I hope successfully, that water only is directly decomposed, then neither

constituent of the chloride or iodide, nor any acid, ought to be produced in that

solution ; whilst in the aqueous solution, the salt composed, ex hypothesi, of acid

and alkali, ought to be resolved into its elements, conformably to the general law

of the electric decomposition of ordinary salts, and acid and alkali, without chlo-

rine or iodine, should appear in the solution, each on its proper side travelling to-

wards the poles, which, by the supposition, are placed beyond the bounds of that

VOL. XIV. PART I. B
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solution. Let us see how far this result, which we thus predict, is supported by

experiment.

Absolute alcohol, with about 5^0 of iodide of potassium in solution, was placed

in a glass tube of 1^ dram measure, and on each side a glass cup containing a quar-

ter of an ounce of water was connected with it by means of asbestus moistened with

alcohol, one of these cups being made negative and the other positive by fifty

pairs of 2-inch plates. The arrangement is represented in Fig. 8, B containing

the alcoholic solution and A and C the water. In eight minutes iodine began to

appear in C round the positive pole, with effervescence at both poles. After fort}'

minutes' action, not a trace of acid or of alkali could be detected in the alcoholic

solution in B, nor had either been observed all along in that liquid. On the other

hand, alkali had been noticed soon after the commencement, and all along at the ne-

gative pole in A ; but no acid reaction was any where observed.* At the conclusion

of the experiment, in forty minutes, free iodine was very manifest in C both by

the colour and smell ; but not a trace of it was observed either in B or in A.

This experiment was repeated with a power of seventy-two pairs of 4-inch

plates, and three tubes, each of the size of 1^ dram, all other circumstances being

the same. Iodine began to appear in C in about four minutes, with bubbles at

both poles. In eighteen minutes neither acid nor alkali could be detected in the

alcoholic solution in B ; but a trace of acid was noticed on the asbestus above the

surface of the positive water in C, and alkah had appeared before this at the ne-

gative pole. In three quarters of an hour there was stiU no acid nor alkali in B,

whilst the acid reaction was strong at the place where it had previously appeared.

There was then much free iodine in C ; and in B only an insignificant trace of that

partial discoloration to which I formerly alluded as probably proceeding from some

subordinate and trifling secondary action.

Let us now contrast these results with those obtained with an aqueous solu-

tion.

Water containing io of iodide of potassium was substituted in B for the al-

coholic solution, all other circumstances, including the size of the vessels and vol-

taic power, being exactly the same as in the former of the two preceding experi-

ments. The first decided acid reaction which was now observed was on the po-

sitive side of the solution in B, with alkali on the asbestus between A and B, and

these in about fifteen minutes, effervescence having been in the mean time going

on at both poles. During forty minutes only slight traces of acid appeared at the

positive pole and on the asbestus between B and C, whilst a strong acid reaction

continued in the liquid in B, with alkali at the negative pole, and on the asbestus

between A and B. A slight discoloration of the water in C had just commenced

at the end of this time, without any change of tint in A or B.

Jn explanation of the non-appearance of acid in the water in this experiment, see p. 15, 16.
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This experiment was repeated with a strong aqueous solution of iodide of po-

tassium, the water containing one-tliird of its weight of the salt, and being placed

in B, all other circumstances being the same as before. In five minutes thel-e

was a trace of acid on the asbestus between B and C, with alkali at the nega-

tive pole. In fifteen minutes there was also a trace of acid at the positive

side of the solution in B, and this was quite decided in twenty minutes, and

more so than that on the asbestus, whilst at the positive pole there was still

no acid. In forty minutes the acid reaction at the positive side of B was power-

ful, whilst all the other acid reactions were slight or doubtful. On the negative

side of B, and from that to the negative pole, alkali was observed. A slight dis-

coloration appeared in C, and none in A or B.

With a power of seventy-two pairs of 4-inch plates, and the strong solution

of iodide in B, and water in A and C, the three vessels being glass cups, each of the

capacity of one-fourth of an ounce, there was slight acid at the positive pole in five

minutes, and strong acid at the positive side of B in fifteen, with alkali at the nega-

tive pole and on the adjoining asbestus. During the forty minutes which the experi-

ment lasted, the acid reaction in B continued to increase and became very power-

ful, whilst that at all other places where it was noticed continued slight. A dis-

coloration of the water in C had been noticed in fifteen minutes, with none in B
or A then or for half-an-hour, and in forty minutes the liquid in C had assumed

a pretty deep red throughout, and smelt strongly of iodine, whilst in B there was

only a slight yellow tint confined to a single spot on the positive side of its upper

layer, and no smell of iodine at all.

When the liquid in C was concentrated by heat tillit was colourless, it was

found, when the larger voltaic power had been used, to contain a trace of iodic

acid ; but where the smaller had been employed the nature of the acid in C was

rather ambiguous. As the iodic acid was, to all appearance, referable to a secon-

dary action, and it was of some consequence, with a view to the true explanation

of the phenomena, to ascertain with certainty that the acid formed in B under

the voltaic influence was hydriodic acid and not iodic acid, the following experi-

ment was made.

Water containing id of iodide of potassium was placed in the tube B, and

pure water in the tubes A, C, and D, Fig. 4, the whole being connected by asbes-

tus, and A made negative and D positive by 72 pairs of 4 inch plates. In ten

minutes there was slight acid at the positive side of B, and on the asbestus be-

tween C and D, and at the positive pole in D, but none in the liquid in C. In

twenty minutes the acid reaction on the positive side of B was strong, with a less

marked on the asbestus between C and D, and alkali on the negative side of B. In

fifty minutes the liquid in D had acquired a uniform prettydeep brown, whilst those

in C and A were not at all discoloured ; and in B there was merely a pale yellow
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tint confined to the positive side of the surface. The liquids in C and D were

then concentrated by heat, when the former was found to contain a trace of hy-

driodic acid, whilst the latter contained a trace of iodic acid. Hydriodic acid

had thus been drawn, first, into C, and then into D, where it was decomposed by

nascent oxygen, and a part of the liberated iodine oxidated.

A comparison was next instituted between alcohoMc and aqueous solutions

of the chlorides of calcium and of zinc.

Absolute alcohol containing I'sth of recently ignited chloride of calcium was

placed in B, Fig. 3, and water in A and C, A being made positive and B negative

by a power of 72 pair of 4-inch plates. In a quarter of an hour acid was de-

tected at the positive pole, and on the adjoining asbestus, immediately above the

surface of the liquid in C, but not a trace of it in B. In half an hour there was

still no trace of acid in the liquid in B, but there was a trace of it on the asbes-

tus at the positive side of B, having evidently spread from the other side of the

same asbestus, where it was before observed, and where as well as at the posi-

tive pole it was now strong. In three quarters of an hour there was a just per-

ceptible trace of acid in the liquid in B on the positive side, and strong acid all

along the asbestus to the positive pole. This very trifling trace of acid in B had

thus evidently spread from the asbestus, as just mentioned, and had not lieen

produced in B. An alcaline reaction was observed at the negative pole. No smell

of chlorine or bleaching action was any where noticed. When the experiment

was concluded, the hquid in C was found to be a weak solution of muriatic acid,

with a just perceptible trace of the smell of chlorine ; this acid being too strong

a combination to be so readily decomposed by nascent oxygen as hydriodic acid.

When a moderately strong aqueous solution of chloride of calcium was sub-

stituted in B for the alcoholic solution, and a power of fifty pairs of 2-inch plates

employed, there was decided acid on the positive side of B in less than twenty

minutes, with a slight trace at the positive pole, and none on the intermediate asr

bestus. In half an hour the acid in B was powerful, whilst there were still

merely traces at the positive pole and on the asbestus, with alcaline reaction at

the negative pole. No trace of chlorine was observed, although the action w^as

continued above two hom-s.

With a pretty strong solution of recently ignited chloride of zinc in absolute

alcohol in B, and water in A and Q, the same voltaic power being employed as in

2ast experiment, there was no acid reaction in B after forty minutes' action, whilst

a trace of acid had appeared at an early period on the asbestus above the surface

of the positive liquid in C. On the other hand, when an aqueous solution of chlo-

ride of zinc was substituted in B for the alcohoMc, all other circumstances being

the same, there was strong acid in B in ten minutes, with none at the positive

pole, and only a trace on the intermediate asbestus. In neither experiment was
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any smell of chlorine observed after action, for three quarters of an hour. In the

latter experiment a little metallic zinc was deposited on the negative foil, from a

small quantity of the solution having passed into A by capillary action, as was

ascertained by reactives.

With aqueous solutions of chloride of potassium of various strengths in B,

and water in A and C, there was, after a time, strong acid reaction in the solu-

tion in B, whilst at the positive pole, and on the intermediate asbestus, the reac-

tion continued slight, and there was no bleaching action or decided smell of chlo-

rine any where after an hour's action.

In all cases in which the acid which had passed into C, where solutions of

chlorides were acted on, was examined, it was found to be muriatic.

The leading/«cfe which have thus been observed are these : First, When alco-

holic solutions of chlorides and iodides are acted on in the circumstances men-

tioned, no acid is observed to be produced in the alcoholic solutions. Secondly,

When aqueous solutions of these substances are employed, the corresponding hy-

dracids are produced in the solutions. Thirdly, When alcoholic solutions are

used, the corresponding hydracids are produced at the point of contact between

the alcoholic solutions and the water with which they are connected. Fourthly,

The hydracids arising in both these ways, are carried to the positive pole situated

in the water.

Such apparently being the facts, let us see whether they are capable of ex-

planation on the idea of chlorides and iodides being dissolved as such in water

;

and let us take the different cases which may be assumed. Let us first suppose

that water only is directly decomposed in the aqueous solution, and that, accord-

ing to the usual and most approved view of electric action, a series of decomposi-

tions and recompositions of the directly decomposed body ensues, untU its ele-

ments arrive at their respective poles. On this view we evidently cannot explain

the production of acid in the aqueous solution under the described circumstances

of the experiment. Let us next suppose that the chloride or iodide alone is di-

rectly decomposed, and that its elements proceed in the above way to their proper

poles. Precisely the same objection applies to this view. Lastly, Let us suppose

that both water and chloride or iodide suffer decomposition, and that either the

elements going to the same pole unite on their journey, or, by a mutual inter-

change, the electro-negative constituent of the water unites with the electro-posi-

tive of the salt, and the electro-positive of the water with the electro-negative of

the salt. The former of these alternatives is contradicted by the fact, that the

acid passing to the positive pole is the hydracid and not the oxyacid ; and the

second is not only at variance with the usual view, that the elements of substan-

ces under voltaic decomposition follow the road of themselms to their proper poles,

by a series of decompositions and recompositions ; but is not in accordance with
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the circumstance that no acid is observed to be produced under the described ar-

rangement in the alcoholic solution ; for alcohol contains water, and that water,

as I trust it has been sufficiently proved, suflfers voltaic decomposition, and thus

an alcoholic as well as an aqueous solution presents the condition for a double

decomposition, if such a double decomposition really can occur.

The observed appearances thus seem to be at variance on any reasonable

mode of interpretation, with the idea that chlorides and iodides are dissolved as

such in water. Let us take the other view, that they are dissolved as muriates

and hydriodates, and what a contrast is observed. Not only are the phenomena

easily explained, but they appear to be the necessary consequences of the suppo-

sition adopted. For if a salt composed of acid and alkali is dissolved in water, its

constituents ought to go to their proper poles under voltaic agency ; and in the

experiments detailed, acid ought to be produced in the solution at its positive

side, and to accumulate in that solution, if faster produced than carried over into

the positive water, which experiment shews to be the case.*

The observation lately made by Dr Mohr of Coblentz, that no electric stream

is produced by the union of a hydracid and an alkali, f finds its readiest explana-

tion in the views above advocated ; because such a union is thus placed in the

same case with that of an oxyacid and an alkali, which, according to Mr Faraday,

produces no voltaic current.

Although I have thus stated the conclusion on this point which appears to

follow from the phenomena as observed, yet Iam too well aware ofthe great subtlety

of the subject, and have too much deference for the opinions of the many eminent

men who have held different views, to wish to be understood as speaking dogma-

tically upon it. If any errors of observation, or mistakes in point of reasoning,

affecting the conclusion which has been drawn, can be pointed out, I shall always

be happy to acknowledge them, if they cannot be explained.

V.

—

General Conclusions respecting the Voltaic Decomposition of Solutions in

Water, Alcohol, and Ether.

It is to Mr Faraday that we are indebted for experimental evidence in nu-

merous cases of aqueous solutions, that the direct agency of the electric current

is exerted upon the water of the solution only, and that the other appearances of

decomposition in these instances are due to secondary actions, t Amongst the

* It will be readily understood, that when the poles are actually in the solution, the acid should

first appear at the positive pole, and thence spread into the liquid when it has accumulated, as was shewn

by M. DE LA Rive ; but when the poles are beyond the solution, the acid must make its way from the

solution to the pole through the interposed water, and unless carried through the water as fast as it is

produced, it must accumulate in the solution.

f Pog. Annal. xxxix. 134.

X Experimental Researches, seventh series*
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most important of these cases are aqueous solutions of the oxyacids, as that of

sulphuric acid ; and embracing, as I fully do, his opinion, that the appearance of

sulphur at the negative pole in such a case is a secondary result due to nascent

hydrogen, I may be allowed to add, that this view seems well illustrated and con-

firmed by the experiment which I formerly described, in which the iodine of an

aqueous solution of iodic acid appeared at the negative pole, under circumstances

in which the secondary nature of the action was quite obvious.

Mr Faraday, however, made an important exception in the case of aqueous

solutions of the hydracids ; but I shall here merely refer to the evidence so fully

detailed now* and formerly, which has led me to infer, that in solutions of the hy-

dracids, as well as in those of the oxyacids, water only, and not the dissolved

acid, is directly decomposed. I have also to refer to the experiment with an

aqueous solution of bromide of iodine, from which it appeared that that compound

was not directly decomposed when in solution, but only the water,f It would

appear, therefore, that we at present know of no combination of two elementary

substances with one another, which, when in solution in water, is directly decom-

posed by the electric current ; but have every reason to believe, that in such solu-

tions the water only suffers direct decomposition.

Farther, I have endeavoured to shew that in alcoholic solution of acids, al-

kalies, and haloid salts, the water of the alcohol alone is directly decomposed.

The conformity between these views and the results obtained with etherial

solutions is remarkable. I formerly stated that no evidence whatever was ob-

tained ft'om electric phenomena that ether contained water ; and what was the far-

ther observed result? When etherial solutions ofpotash, of chromic acid, of chloride

of platinum, and of corrosive sublimate, were acted on by fifty pairs of 2-inch plates,

there neither were any symptoms of decomposition, nor was the galvanometer

affected. \ Thus, whilst in aqueous and alcoholic solutions, water and not the dis-

solved body is decomposed, in etherial solutions, where there is no water present,

no decomposition takes place at all.

In this way we are arrived within a few steps of the following general con-

clusion, Avhich I cannot help thinking, if it shall be fully supported, is one of con-

siderable interest, and not I believe hitherto anticipated :
" That when solutions

of binary combinations of elementary substances, in water, alcohol, or ether, are

submitted to voltaic agency, the dissolved substance is not directly decomposed

;

but only the solvent, if itself an electrolyte."

In laying down any general law, which must, if well founded, comprehend

a vast multitude of facts, one of course feels the necessity of having proceeded

on an extensive induction ; or at least of having established the leading analogies

* P, 7, et seq. f P. 10.

f Edinburgh Transactions, vol. xiii. p. 331.
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comprehended within the bounds of the proposed law, for it rarely happens that

the inductive process actually embraces every particular, its imperfection in point

of logic being usually supplied by the necessary connections of the individual

cases. All I can say is, that I am at present acquainted with no exception to the

proposed law, and that all the experiments which I have yet made, go to support

it ; but stiU as there are some cases comprehended in it, which may and ought to

be experimentally investigated, I shall not yet take upon me to give it as esta-

blished in its utmost generality, but shall probably in a futm-e communication

state the farther results obtained.

This rule is of course entirely confined to compounds of elementary bodies.

Every one knows that an ordinary salt dissolved in water, is resolved into its

constituent acid and alkaU under voltaic agency. The same observation I have

found to apply to alcohohc solutions of such salts. With respect to their ethe-

rial solutions, it would seem that it does not hold, in so far as reliance can be

placed on a single experiment with a moderate voltaic power. A solution of ni-

trate of uranium in rectified ether was submitted in a close tube to the action of

fifty pairs of 2-inch plates, without any appearance of the constituents of the

salt at their respective poles, or action on the galvanometer formerly described.

ERRATA in former Memoir in Vol. XIII. of Edinburgh Transactions.

Page 316 (p. 2 of separate Memoir), line 20, for liquid read solution

— 334 (p. 20 — _ — ), — 8, _ ether — alcohol

— 337 (p. 23 — — — ), note, line 4, for effects read quantities

— 346 (p. 32 — — — ), lines 8 and 9 for positive read negative, and for negative read positive
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Y. An Account of Three New Species of British Fishes, with some Remarks on

Twenty others new to the Coast of Scotland. By Richard Paenell, M.D.,

F.R.s'.Ed. &c.

Read 20th February 1837.

Although a great number of Fishes have been described by naturalists as

inhabiting the coast of Scotland, and though much has been done to increase its

Fauna in other respects, yet in a field so extensive much must still remain to

be done. Many lakes and estuaries in Scotland are still unexplored, and many
fishes being merely local, a more thorough and accurate examination of these

lakes and estuaries must take place, before the Ichthyology of Scotland can be

fully ascertained.

AciPENSER LATiROSTRis, Pamell.

In the works of Pennant, Donovan, Fleming, Yarrell, and other writers

on Ichthyology, is mentioned but one species of British sturgeon {Acipenser stu-

rio) ; but from the observations of practical fishermen as well as my own, I think

there is little doubt but that two species at least will in future be recognised as

inhabiting the British coast.

It has long been noticed by the fishermen of the Solway Frith, that two spe-

cies of sturgeon are occasionally entangled in their salmon-nets, the one with a

blunt nose, and the other with a sharp one ; the latter species being the most

common of the two.

A fine specimen of the blunt-nosed sturgeon was taken in the Frith of Forth

in the month of July 1835, and brought to the Edinburgh market for sale, the

head of which I preserved. (See Plate IV.) A few weeks after, another was

taken in the Tay, which differed in no respect from the former except in sexual

distinction.

Description.—Length 7 feet 9 inches ; weight 8 stones. The colour of the

back and sides is of a light grey, with a shade of olive ; the belly dirty white.

The body is armed with five rows of osseous shields, nmning from the head to

the tail. The first row commences behind the head, and runs down the central

ridge of the back ; the two next rows arise one on each side of the former. Im-

mediately on the lower margin of the pectorals the other two rows commence.

The skin is rough, with a number of small angular osseous plates intermixed with

very minute spicula. The first free shield on the dorsal ridge is nearly circular,

VOL. XIV. PART I. s
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and very slightly carinated ; all the rest in that row are of an oval form. The

snout is wide and depressed, much broader than the diameter of the mouth. On

the under surface, placed nearer to the tip of the snout than to the mouth, are

four cirri arranged in an irregular line. The summit of the head is rough, with

the central plates beautifully radiated and of a fibrous appearance. The position

of the fins is the same as in other sturgeons.

This fish differs from the common sturgeon {Acipenser sturio) in having the

tip of the snout much broader than the mouth, in the keel of the dorsal plates

being but slightly elevated, and having the cirri placed nearer to the tip of the

snout than to the mouth.

The sturgeons are all much allied to each other ; and not being able as yet to

find the right synonym for the present one, I have proposed, in the mean time, the

name latirostris, as characteristic of the species.

The genus Gobius is recognised by having the ventral fins united together so

as to form a disk, incapable of adhering to surfaces.

The species of this genus have received but little attention, perhaps on ac-

count of their small size, and the great facility with which they may be over-

looked while inhabiting their natural element.

Before the appearance of Mr Yarrell's excellent work on the British Fishes,

great confusion prevailed as to the discriminating characters of the species of

Gobius found inhabiting the British coast.

By Pennant, Donovan, and Fleming, these fish were all confounded under

two species, the Gobius niger and the Gobius minutus. Jenyns, in his Ma-

nual of the British Vertebrate Animals, makes three species ; and Yarrell, in

his work before mentioned, has added another, making the number up to four

British species, viz. Gobius niger, G. minutus, G. gracilis, and G. bipunctatus. I

hope T shall not be considered as multiplying the species beyond their due limits

by adding two more to the list of the British Gobies.

Gobius unipunctatus, Parnell.—One-spotted Goby. (See Plate V.)

The species for which I have proposed the name of unipunctatus, is perhaps

more nearly allied to the Gobius minutus than to any other, differing from it in

having the intervening membrane of the fifth and sixth ray of the first dorsal

fin marked by a large conspicuous black spot, and in having the tail even at the

end ; whereas the minutus has no black spot at this place, and the tail is rounded

at the end. The unipunctatus grows to a much larger size, and is seldom found

associating with the minutus. The largest specimen measures three and a half

inches in length ; the back is of a light reddish-brown, slightly tinged with yel-

low, and marked with a few dark lines of a deeper colour. The first dorsal fin
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commences in a vertical line over the upper third of the pectorals, and ends in

a line with the termination of the ventral rays ; the second dorsal fin commences

over the vent, and ends opposite to the base of the last anal ray, leaving a wide

space between it and the base of the taU. The head is rather long ; the eyes are

situated high on the forehead, and nearly approximating. Each jaw is furnished

with a number of small sharp teeth in two rows. The cheeks are tumid ; the

margin of the operculum is rounded. The lateral line is straight, marked with six

or seven dark spots, the one at the base of the tail being the most conspicuous.

The numbers of the fin rays are,—first dorsal 6; second dorsal 11 ; caudal 12;

ventral 13 ; anal 11 ;
pectoral 20. The upper part of the membrane between the

fifth and sixth ray of the first dorsal fin is marked with a large black spot, which

is always constant ; the second dorsal fin is mottled with reddish-brown, as weU
as the tail, which is even at the end. The belly, ventral, and anal fins are white.

This fish, I first noticed in the Frith of Forth, in the neighbourhood of Queens-

ferry, where it may be found throughout the whole summer in water jfrom two

to three feet deep. It seldom reaches the shore as the minutus is observed to

do, but keeps more in the deep water.

In the Solway Frith I found it rare, but the minutus abounds there in great

numbers. At Exmouth on the coast of Devon, I have taken it in many situa-

tions where I could not find a single specimen of the minutus, and I have also

found the minutus where the unipunctatus was never observed. If we compare

this fish with the rest of the British Gobies, we shall find it to differ fi-om them

in other respects, besides having a black spot on the first dorsal fin, and the tail

even at the end.

G. unipunctatus,

Dorsal fins widely separate.

comp. with G. niger.

Dorsal fins closely approximate.

G. unipunctatus.

First Dorsal fin with six rays.

G. hipunctatus.

First Dorsal fin with seven rays.

G. unipunctatus.

Anterior rays of second dorsal fin,

longest.

G. gracilis.

Anterior ray of second dorsal fin,

shortest.

G. unipunctatus,

First Dorsal fin with six rays

G. albus.

First Dorsal fin with five rays.

GoBius ALBUS, Fa?mell.—White Goby.

This species of goby holds such a conspicuous place in the genus, that it

cannot weU be mistaken for any other. I first noticed it in the Solway Frith, in
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June last, where I obtained in one day after the recess of the tide, fifty speci-

mens. They are evidently the fry of a large species. When first taken from

the water, they are soft and transparent ; the eyes are large and prominent ; the

scales which cover their body, are large and thin, and very deciduous. The

length is about two inches ; the head is large ; the gape is wide ; the teeth are

long and sharp, placed in one row in each jaw. The first dorsal fin commences

over the upper third of the pectorals, and terminates at a point a little behind its

rays ; the second dorsal fin commences over the vent, and ends opposite to the

base of the last anal rays. The cheeks are tumid, the border of the operculum

rounded ; the body is transparent and marked by a number of fine depressed

lines, placed in an oblique direction ; the lateral line is straight throughout its

length.

The numbers of the fin rays are : First dorsal 5 ; second dorsal 13 ; caudal

12 ; ventral 13 ; anal 13. The last ray of the anal and second dorsal fin is long-

er than the first, and reaches, when folded down, to the base of the tail. The

tail is rounded at the end. These fishes are supposed by the fishermen to be the

young of the sting-fish (Trachinus vipera), and are consequently destroyed when-

ever they come within their reach. On transferring them to a bottle of alcohol

they lose their transparent aspect, and become hard and opaque.

In the month of July when I had occasion to revisit the Solway Frith, I en-

deavoured to obtain additional specimens, presuming that by this time they

would have somewhat increased in size, but not a single specimen could be found,

nor has the parent fish ever come within the observation of the fishermen.

The first dorsal fin of this fish, as possessing but five rays, is sufficient to dis-

tinguish it from every other British species of the same genus.

Observations on Twenty New Species of Scottish Fishes.

Trigla hirundo, Yarrell, vol. i.—Tub-fish.

Specific Character.—Pectoral fins dark blue, reaching beyond the vent ; la-

teral line and body perfectly plain and smooth.

This fish on the coast of Scotland is undoubtedly rare, compared to the num-

ers that are taken on the coast of Devon. In young specimens the dorsal ridges

are found to be sharply serrated, but when the fish increases to the weight of

nine pounds, these ridges of the back are no longer serrated, but crenated, as is

observed in the T. gurnardus when full grown.

Trigla blochii, Yarrell, vol. i.

—

Trigla cuculus. Block.

Specific Character.—Pectorals not reaching to the vent, lateral line and dor-

sal ridge strongly serrated ; first dorsal fin with a black spot.
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In the Frith of Forth this fish is frequently met with, from five to six inches

in length, in the month of July. I may add that I can see no difference between

this fish and the young of the grey gurnard ( T. gurnardus) of equal size. The grey

gurnard, when less than six inches in length, is always marked with a black spot on

the first dorsal fin, and the lateral line and dorsal ridge are strongly serrated ; but

as the fish increases in size, so the black dorsal spot and serratures become oblite-

rated, and at length crenated, as in the grey gurnard a foot in length. In Mr

Yarrell's work on the British Fishes, the first spine of the first dorsal fin of T.

Blochii, is represented as being longer than the second spine, which it ought not

to be, as the first dorsal spine in the whole of the gurnards is much the shorter

of the two.

CoTTus BUBALis, Yavrell, vol. i.—Sea bull-head.

Specific Character.—Prseoperculum with four spines.

To Mr Yarrell we owe the first discovery of this fish as British. From

the great similarity which exists between it and the C. scorpius, there is no doubt

but that they have often been taken for the same species, as they both in-

habit the same places, and are found equally common. The difference which

exists between these two fish is evident when placed side by side. In the bubalis

the first gill-cover has four spines, and the lateral line is rough ; whereas in the

scorpius, the same gill-cover has but three short spines, and the lateral line is

smooth. They are both common in the Solway Frith, as well as in the Frith of

Forth. Their fiesh is coarse and disagreeable to the taste.

Gasterosteus trachurus, Yarrell, vol. i.—Full-armed Stickleback.

Specific Character.—Plates extending the whole length of the sides.

Not common on the east coast of Scotland ; more frequently met with on the

west coast.

Gasterosteus semiarmatus, Yarrell, vol. i.—Half-armed Stickleback.

Specific Character.—Plates extending as far as the vent.

Not so frequently met with as the last species ; found to inhabit fresh as well

as salt water pools.

Pagellus erythrinus, Cuvier.—Spanish Bream.

Specific Character.—Origin of the lateral line and base of the pectorals with«

out a black spot.

The Spanish bream is one of the rarest of our British fishes. It has been no-

ticed, though not often, on the coast of Corawall, and has been taken once in the

Frith of Forth. The flesh is of superior quality for the table. It much resembles
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the sea bream, but its eye is smaller, its snout is longer, and the origin of the

lateral line is slightly bent. (See Plate VL)

Pagellus centrodontus, Yarrell, vol. i.—Sea Bream.

Specific Character.—Origin of the lateral line with a large dark spot.

This is a common fish on the coast of Devon. It is frequently met with on

the coast of Essex ; but, as we approach the eastern shores of Scotland, it becomes

scarce. A few specimens are annually taken in the Frith of Forth, about the

month of July, sometimes with the hook, but more frequently in the salmon

nets. •

The principal distinguishing characters of this species are, the largeness of

its eye, and a conspicuous dark spot at the origin of the lateral line, over the

base of the pectorals. (See Plate Y I.)

MuGiL CHELO, Yarrell, vol. i.—Thick-lipped Grey Mullet.

Specific Character.—Upper lip thick and fleshy.

Mr Couch of Cornwall is the only naturahst who has hitherto noticed the

thick-lipped grey mullet on the British coast. This species of mullet is common

on the east coast of Scotland, where the M. Capita is of rare occurrence. It is oc-

casionally taken the length of twenty-two inches. The flesh is held in low esti-

mation for the table.

GoBius BiPUNCTATUS, Yarrell, vol. i.—Two-spotted Goby.

Specific Character.—First dorsal fin with seven rays.

This fish is frequently met with at the mouth of the Frith of Forth, swim-

ming about among fuci, particularly in rocky situations. (See Plate V.)

GoBius GRACILIS, Jeuyus.—Slender Goby.

Specific Character.—^Last rays of the second dorsal fin longer than the first.

First dorsal fin with six rays.

More common than the last species ; found inhabiting sandy situations. The

ventral and anal fins are always tinged with black ; the markings on the lateral

line are long and narrow ; the middle mark often extending the width of the

body. (See Plate V.)

Crenilabrus tinca, Yarrell, vol. i.—Ancient Wrasse.

Specific Character.—Base of the taU without a black spot.

This species is common throughout the coast, frequenting rocky places. Its

flesh is white, soft, and insipid, seldom made use of as an article of food. It feeds

on Crustacea, and spawns about the end of April.
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Crenilabrus cornubicus, Yarrell, vol. i.—Goldsinny.

Specific Character.—A black spot at the base of the tail, under the caudal ex-

tremity of the lateral line.

This fish is occasionally met with in rocky situations. It is seldom found

to exceed the length of six inches. Rondeletius has figured this fish, page 179,

in his work De Piscibus Marinis. It has been confounded by Yarrell with the

goldsinny of Jagg, which is the Lutjanus rupestris of Bloch.

Leuciscus dobula, Yarrell, vol. ii.—Skellie, or Dobule Roach.

Specific Character.—Dorsal and anal fins even at the end.

A single individual of this species was obtained by Mr Yarrell, in the

Thames, in August 1831. No other instance of its capture in Britain has hitherto

been recorded. In July last, I was surprized in finding the Dobule roach a common

fish in many of the burns falling into the Solway Frith. It exists in the River

Annan in great numbers aU the year round ; and a few are occasionally found

entangled in the salmon-nets in the Solway Frith. In the county of Dmnfi-ies,

these fish are named skellies, and have been mistaken by naturalists for the com-

mon roach {Leuciscus rutilus). They do not appear shy, or in the least choice as

to their food ; they take eagerly the minnow, the worm, and the fly, and afford

excellent amusement to the angler. In the month of April they are in the best

condition for the table, but are seldom eaten, their flesh being white and insipid.

SkeUies are sometimes taken of the weight of five pounds or more, although Mr
Jenyns, in his work on the British Vertebrate Animals, states, that they seldom

exceed the weight of half a pound. According to Mr Yarrell, this species in-

habits the Oder, the Elbe, and the Rhine ; it frequents large lakes, and is observed

to enter rivers, from March tiU. May, for the purpose of depositing its spawn.

The Dobule roach is very much allied to the common roach and to the dace,

differing from them, however, in the following characters :

—

Leuciscus dobula. Leuciscus rutilus.

Dorsal and anal fins even at the end. Dorsal and anal fins concaved at the

end.

The middle ray of the tail more than The middle ray of the tail not half

half as long as the longest ray of the as long as the longest ray of the same

same fin. fin.

Lateral line with fifty scales. Lateral line with forty-three scales.

Dorsal fin with nine rays. Dorsal fin with eleven rays.

Leuciscus dobula. Leuciscus milgaris.

Seven scales and a half in an oblique Eight scales and a half in an oblique

row between the dorsal fin and the late- row between the dorsal fin and the late-

ral Une. ral line.
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LeuciscMS dohula. Leuciscus vulgaris.

Dorsal and anal fins even at the end. Dorsal and anal fins concaved at the

end.

The middle ray of the tail more than The middle ray of the tail not half as

half as long as the longest ray of the long as the longest ray of the same fin.

same fin.

Alosa vulgaris, Yarrell, vol. ii.—Alis Shad.

Specific Character.—Jaws without teeth ; sides without spots.

This species is said to abound in the Severn, and is also occasionally taken in

the Thames. On the coast of Scotland it is rare, only appearing in the winter

months.

Alosa finta, Yarrell, vol. ii.—Shad.

Specific Character.—Jaws with teeth ; sides with spots. In the months of

July and August this fish is common on the east coast of Scotland. In the win-

ter months it is seldom met with.

Rhombus hirtus, Yarrell, vol. ii.—Top-knot.

Specific Character.—First ray of the dorsal fin not longer than the second
;

under surface smooth.

This species of fish is rare, both on the Enghsh and Scotch coasts. It is sel-

dom known to take a bait, but is occasionally taken in the crab-pots.

Raia chagrinea, Montagu.—Shagreen Ray.

Specific Character.—Tail with two rows of recurved spines ; the middle ridge

without spines.

Few naturalists appear to have met with this fish. Pennant obtained a

specimen from Scarborough, and Colonel Montagu, in the Wernerian Transac-

tions, mentions its occurrence on the coast of Devon.

In the Frith of Forth, in the early part of spring, I have seen specimens

taken, both male and female ; they inhabit deep water. Their flesh is considered

inferior as food to that of the grey skate. I may here mention, to prevent con-

fusion hereafter, that the fish figured and described by Mr Yarrell, in his work

on the British Fishes, under the name of Raia chagrinea, appears to be a new

species ; it certainly is not the Shagreen Ray of Montagu or of Pennant, nor does

his figure or description agree with the specimens that I have examined from the

Frith of Forth. Mr Yarrell, in his figure of this fish, has given too great a

length of snout, and the spines on the tail, which ought to be very much curved,

are represented as perfectly straight, which latter character is peculiar to the

Raia Batis or grey skate.
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In his description, he observes, the snout is very much produced, narrow and

sharp ; the upper surface of the body shghtly roughened ; the second fin on the

tail about its own length irom the end, and the under surface of the body dirty

greyish-white.

The specimens of the shagreen skate that I have examined possess charac-

ters differing widely from those above mentioned. The back is very much rough-

ened ; the under sm-face of the body is pure white ; the second fin on the tail is

not quarter its own length from the end ; and the snout is but moderately pro-

duced, not so long as is observed in the Raia Batis. If we compare a specimen

of the R. Batis with a specimen of R. chagrinea, both of three feet in length, we

shall find that the Batis, from the tip of the nose to the eye measures seven inches,

whereas, in the chagrinea, the distance between these points measures but five

inches.

Raia radiata, Yarrell, vol. ii.—Starry Ray.

Specific Character.—Spines on the middle ridge of the tail, conical, three

times as large as the lateral spines.

This fish was first made known to naturalists by Mr Donovan, who received

a specimen from the north coast of Britain. It has since been found in Berwick

Bay, and in the Frith of Forth, but in no other locality has it yet been discovered.

This species inhabits deep water in rocky situations, and is taken with the hook

in the months of March, April, and May, after which time it is seldom met with

until the following spring. I have seen these fish occasionally common in the

Edinburgh market. They are well known to the fish-women, who consider them

equal to the maiden skate as food.

This species may be distinguished from the rest of the rays, by having

three rows of spines on the tail, extending up as far as the transverse cartilage

of the back ; the spines forming the lateral rows being three times as small, and

four times as nmnerous, as those of the middle row.

Trigon pastinaca, Yarrell, vol. ii.—Sting Ray.

Specific Character.—Middle of the tail armed with a long serrated spine.

This fish is more frequently taken on the southern coast than elsewhere. A
single specimen was taken in the Frith of Forth in 1835 : no other instance of its

capture on the coast of Scotland has hitherto been recorded.

Ammoccetes branchialis, Yarrell, vol. ii.—Pride.

Specific Character.—Mouth without teeth ; under lip transvei^se.

This fish is not uncommon in the river Teith, inhabiting muddy situations.

It is of a light grey colour, seldom exceeding five inches in length.

VOL. XIV. PART I. T
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NJ Account of a New Species of Bintish Bream, and of an Undescrihed Species of

Skate: To wMch is added a List of the Fishes of the Frith of Forth, and its

Trihutary. Streams, with Observations. ByRichard Parnell, M.D., F. R.S.E.,

Read l7th April 1837.

In the beginning of July last, I obtained, from the Frith of Forth, a species

of bream, which has not been mentioned by naturahsts as inhabiting the British

seas. A few days after, I procured, from the same quarter, a second specimen of

the same species, each exhibiting a conspicuous dark violet-coloured spot at the

base of the upper part of the pectoral fins. (See Plate VI.)

On consulting the continental works on Ichthyology, I find this bream to

agree best with the description Baron Cuvier has given of the Pagelhis acarne,

an inhabitant of the Mediterranean ; but, as no figure of the fish accompanies his

description, the discrimination of the species is rendered somewhat uncertain.

From the great similarity the breams bear to each other in their external

form, it is not to be wondered at if naturalists have occasionally noticed two spe-

cies under one synonym, for without accurate figures, or the specimens them-

selves before us, the closely allied species are with difficulty discriminated.

I think it not improbable, judging from the description Mr Yarrell has

given of the Pagrus vulgaris, that a specimen of the acarne has fallen under his

observation, and been mistaken for a variety of the Pagrus vulgaris, which it

greatly resembles ; for, in his description of that fish (vol. i. page 103), he says,

" the pectoral fins have occasionally a violet-coloured spot at their origin ;" a cha-

racter which is constant in the acarne, and which has not been noticed by any

other author as occurring in the Pagrus vidgaris.

Generic Characters.—Pagellus.—Front teeth conical, sharp, and numerous.

Molars rounded.

Specific Character.—On the base of the pectoral fins, a large dark spot.

Description.—Length 13 inches ; depth, in the region of the pectorals, 4

inches. Head one-third the length of the body, exclusive of the caudal rays. Eye

placed half way between the tip of the upper jaw and the po'iterior margin of

the operculum ; its diameter one-fourth the length of the head. Pectorals reach-

ing as far as the first ray of the anal fin. Dorsal fin commencing over the poste-
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rior margin of the operculum, and ending in a line with the last ray of the anal

fin. Pectorals and ventrals commencing on the same line. Middle ray of the tail

not half SO long as the longest ray of the same fin. First flexible rays longer

than the terminating spiny rays. General form resembling that of the sea-bream,

but not so deep in proportion to its length. Dorsal line rounded, descending ob-

liquely from the nape to the nostrils, from thence more suddenly to the lips. Scales

large—seventy forming the lateral line. Six and a-half in an oblique row be-

tween it and the first ray of the dorsal fin. Lateral line strongly marked, com-

mencing at the upper part of the operculum, and taking its course parallel to the

curvature of the back. Spiny rays of the dorsal fin sharp and stout ; the first

spine short, about half the length of the second ; the fourth the longest ; the re-

mainder gradually decreasing in height to the commencement of the flexible rays.

Jaws nearly equal, the under rather the shorter. Anterior teeth small and nu-

merous, disposed in many rows ; the outer row, composed of thirty teeth, longer

and more bent than those within. Molars large, disposed in three rows in eacli

jaw. (In one of the specimens but two rows were perceptible, and these irregu-

larly placed.) The number of the fin rays are

—

D. 12 spinous, 12 soft. P. 16. V. 8. A. 3 spinous, 11 soft. C. 20.

The intervening membranes of the caudal, and of the last two rays of the dor-

sal and anal fins, are covered with small, thin scales, diminishing in size as they

approach the summits of the rays. Colours : Body pale silvery-red. Dorsal and

caudal fins rose-red. Ventral and anal fins paler. Space between the eyes red-

dish-bro\^Ti. In front of the eyes, and on the lower half of the prseoperculum, me-

tallic gray. On the upper part of the base of the pectorals is a dark violet-co-

loured spot, very conspicuous even in the dried specimen.

The British breams with which the Pagellus acarne is most likely to be con-

founded, are the Pagellus centrodontus, Pagellus erytlirinus, and the Pagrus 'cul-

garis.

It differs from P. centrodontus, in the eye being smaller, the molars larger, and

in having a dark spot on the base of each pectoral fin, which the P. centrodontus

never exhibits.

It differs from the P. erytlirinus in having the origin of the lateral line

straight, whereas in the P. erytlirinus it is suddenly bent ; in the eye being larger

;

and in the pectoral spot, which is never found in the P. erytlirinus.

The Pagellus acarne is distinguished from the Pagrus xiulgaris, by the form

and arrangement of the anterior teeth : the teeth of the P. acarne being about

thu'ty in number in the first row on the upper jaw, and nearly of equal size.

The Pagrus has never more than six teeth in front, which are much longer than

those within, besides shewing no pectoral spot.



J48 DR PARNELL'S LIST OF

Raia intermedia, Parnell,—Flapper Skate. (See Plate VI.)

The species of Rays are but imperfectly understood ; for perhaps there is no

genus of fishes which has received so little attention from naturalists.

From the great numbers of skate captured in the Frith of Forth during the

summer months, and from the great ease with which they can be examined in

the market-place, where scores of them are daily to be seen, ample opportunity

is afforded to the naturalist of judging for himself, and becoming acquainted with

those more common varieties, which have created so much confusion among

writers on Ichthyology. It is through the opportunities thus afforded me, that

I have been enabled to add another species to the British Fauna.

This species of ray is not unft-equently met "with in the Frith of Forth, and

it belongs to the division of the sharp-nosed rays.

Specific Characters.—Body on the upper surface perfectly smooth ; under

surface dark green.

Description.—Length two feet. Body thin. Flesh hard. Snout sharp and

prominent, from the tip to the middle of the eye one-third the length of the body.

Tail rather short, being no longer than the space from the base of the anal fin,

to the anterior margin of the eye. Eyes rather smaU, with a sharp spine placed

in front of each. Tail with a row of spines placed on the mesial line only, not

extending farther up than to the base of the anal fin. Fu'st dorsal fin rather

remote from the second ; second dorsal fin placed near the rudimentary caudal

fin. Body perfectly smooth on both surfaces. Teeth small, not so sharp as those

in Raia batis. Colours : Body above dark olive-green, on the under surface

dark grey, with minute specks of a deeper colour. In one of the specimens, the

upper surface was mottled with large white spots, thickly placed on each pectoral

fin.

This species of skate appears to be the connecting link between the Baia

batis and the Baia oxyrhynchus, to both of which it is closely allied : it is from

this circumstance, that I suggest the specific name intermedia.

It is distinguished from the B. batis or grey skate, by the nose being longer,

by the first dorsal fin being more remote from the second ; and by the skin on

the back being perfectly smooth, which in the B. batis, is covered with small

spicula, and rough to the touch.

It is at once removed from the B. oxyrhynchus of Montagu, by the under

surface of the body being of a dark gi-ey colour ; which part in the B. oxyrhynchus

is perfectly white.

It has occurred to me, that it might be useful to add to this notice a List

of the Fishes of the Frith of Forth, and its tributary streams ; as no catalogue

of the fishes of this district of Scotland, has been dra^Mi up since that published
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by Dr Neill, in the first volume of the Wernerian Memoirs in 1805. In that

catalogue seventy-six species are enumerated. In the list now presented to the

Society, one hundred and twenty-tliree species are mentioned, about forty of which

have been added by myself from personal observation : three of these have not

been described before as fishes of Scotland, and two are new to the British

Fauna. Three species are noticed by Dr Neill as being found in the Frith of

Forth, viz. Mugil cephalus,* Squalus maximus, and Rata oxyrhyndms, which I have

not yet met with ; besides one noticed by Mr Charles Stewart, the Scomber

Pelamys, and one, the Syngnathus cequoreus, mentioned by Sir Robert Sibbald
;

and I have no doubt but that other species would be found, were attention di-

rected to this pursuit in the proper seasons at the different fishing-stations of the

Frith.

The following list therefore is not given as complete ; yet it may serve to

aid future inquirers as supplying a record of the observed species up to the pre-

sent period.

The observations I intend to offer on the great family of the Salmonidte, a

tribe of fishes important in so many respects, I postpone for the present, till fur-

ther investigation enable me to give more definite information in regard to the

species and their habits.

A List of the Fishes found in the Frith of Forth and its Tributary Streams, with

Observations.

Perca fluviatilis, Yarrell, vol. i.—Perch. Frequent in lochs in the neigh-

])()urhood of Edinburgh ; occasionally found in the Forth above Alloa.

Labrax lupus, Yarr. vol. i.—Basse or Sea Perch. Occasionally taken in the

salmon-nets along with the thick-lipped grey mullet. Not common.

Trachinus vipera, Yarr.—Sting-fish or Adder-pike. Taken on Musselburgh

Sands. Rare. Found by Mr Stark at Portobello in 1831. Some authors state

that " they grow to the length of a foot." The oldest fisherman in the Solway

Frith (where these fish are in great abundance) never saw or heard of one more

than six inches long.

Trigla cuculus, Yarr.—Red Gurnard or Crooner. Rare.

Trigla hirundo, Yarr.—Tub Gurnard. Rare.

Trigla gurnardus, Yarr. Grey Gurnard or Crooner. Common ; taken prin-

cipally with the hook.

Trigla Blochii, Yarr.—Bloch's Gurnard. Common in the month of August.

May not this species prove to be the young of the Grey Gurnard ?)

Cottus scorpius, Yarr.—Short-spined Bull-head. Common in pools left by

the receding of the tide.

* I am informed by Dr Netll that it is the Mugil cephalis of Donovan, now supposed to be the

Mugil capita of Cuvier.
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Cottus bubalis, Yarr.—Long-spined Bull-head. As common as the last ; in-

habiting the same situations.

Aspidophorus cataphractus, Yarr.—Shell-backed Bull-head. Common.

Gasterosteus trachurus, Ya7'r.—Full-armed Stickleback. Not common.

Found in saltwater pools at Guillon.

Gasterosteus semiarmatus, Yarr.—Half-armed Stickleback. Occasionally

found in saltwater marshes. Not common.

Gasterosteus leiurus, Yarr.—Quarter-armed Stickleback. Common in fresh

and salt water ditches.

Gasterosteus spinulosus, YajT.—Four-spined Stickleback. First made knoA\Ti

by Mr Stark, who found a number of specimens in the Hope Park Meadow

ditches. Specimens have also been found in Duddingston Loch, at Queensferry,

and at Berwick-upon-Tweed. In the latter locality I have found a variety of this

fish with the third spine one-half as short as the fourth. Not common.

Gasterosteus pungitius, Yaj-r.—Ten-spined Stickleback. Not common.

Gasterosteus spinachia, Yarr.—Fifteen-spined Stickleback. Not common.

Found in deep pools among fuci.

Scisena aquila, Yarr.—Maigre. Rare.

Pagellus erythrinus, Yar?'.—Spanish Bream. Rare.

Pagellus acarne, Parnell, Trans. Roy. Soc. ofEd. 1837.—AxiUary Bream. Rare.

Pagellus centrodontus, Yarr.—Sea Bream. Occasionally taken in the sal-

mon-nets. Not common.

Brama Raii, Ya7i\—Ray's Bream. Rare.

Scomber scomber, Ya7'r.—Mackarel. Common.

Thynnus pelamys, Yarr.—Bonito. Rare. On the authority of Mr Charles

Stewart. Elem. Nat. Hist. vol. i. p. 363.

Xiphias gladius, Yarr.—Sword-fish. Rare.

Caranx trachurus, Yarr.—Horse mackarel. Not common.

Zeus faber, Yarr.—John Dory. Rare.

Lampris luna, Yarr.—Opah. Rare. A specimen was obtained from the

Frith of Forth, in 1 835, the head of which is in my collection.

MugU cephalus, on the authority of Dr Neill. Wern. Trans, i. 544. Mugil

capito of CuviER.

Mugil chelo, Yarr.—Thick-lipped Gray Mullet. Frequently taken in the

salmon-nets at Musselburgh and Queensferry.

Atherina presbyter, Yarr.—Atherine. Rare. Sometimes taken in the cruives

at Kincardine.

Blennius pholis, Yarr.—Smooth Blenny, or Stone-fish. In pools, under

stones. Common.

Mursenoides guttata, Yarr.—Spotted Gunnel, or Stone-checker. Common in

pools left by the receding of the tide, under sea-weed.

Zoarces viviparus, Ya^^r.—^Viviparous Blenny, or Green-bone. Common.
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Anarrhichas lupus, Yar7\—Wolf or Cat-fish. Common.

Gobius niger, Yarr.—Black Goby. Not common. Frequenting rocky si-

uations.

Gobius minutus, Yarr.—Freckled Goby. Common in sandy places.

Gobius unipunctatus, Parnell.—One-spotted Goby. Frequently met with at

Queensferry.

Gobius bipunctatus, Yarr.—Two-spotted Goby. Not common. Inhabiting

deep pools, among sea-weed.

Gobius gracilis, Yarr.—Slender Goby. Not common. Occasionally found

at Queensferry.

Calhonymus Lyra, Yarr.—Gemmeous Dragonet. Not Common.

Callionymus dracunculus, Yarr.—Sordid Dragonet. More frequently met

with than the last species, inhabiting deep water.

Lophius piscatorius, Yai^r.—Angler, or Merring. Common.

Labius maculatus, Yarr.—Ballan Wrasse. Not frequent.

Labius trimaculatus, Yarr.—Trimaculated Wrasse. Rare.

Crenilabrus tinea, Yarr.—Ancient Wrasse. Not common. Met with occa-

sionally in the salmon-nets.

Crenilabrus cornubicus, Yai^r.—Goldsinny. Not common.

Leuciscus rutilus, Yarr.—Roach. Common in the Union Canal. Found by

Mr J. Wilson.

Leuciscus phoxinus, Yarr.—^Minnow. Common. Water of Leith, &c.

Cobitis barbatula, Yarr.—Bearded Loach. Common in fresh-water streams.

Esox lucius, Yarr.—Pike. Frequently met with a few miles above Stirling,

in Lochend, and Duddingston Loch.

Belone vulgaris, Yarr.—Sea Needle. Not uncommon in the month of August.

Some authors consider the teeth as wanting in the vomer. In the dried state,

teeth are found in a small cluster on the roof of the mouth, as well as in a single

row in each jaw.

Scomberesox saurus, Yarr.—Skipper. Common in some seasons.

Salmo salar, Yarr.—Salmon. Salmon are found in the Frith of Forth in the

greatest abundance towards the end of July. They ascend the Forth, the Teith, and

the Allan, to deposit their spawn, and after this is accomplished return again to the

sea. The spawn which is thus shed during the months of November, December, and

the early part of January, begins to vivify in March, when the fry are seen nearly

an inch in length issuing from the gi-avel beds with the ovum still attached. About

the end of April or the beginning of May, they are seen from three to four inches

long sporting about in the shallows. Towards the end of May, when they per-

foi-m their first migration to the sea, they are observed a few miles below Stirling

in brackish water from five to seven inches in length. (See Plate VII.) From the
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time they reach the sea to a month or six weeks after, they are not seen ; and

we can only infer their growth from the fact, that after the lapse of that pe-

riod we find them returning to the rivers in which they were bred, ha\ang acqui-

red a weight between a pound and three-quarters and two pounds and a-half

;

they are now named Grilses. These fish rapidly increase in size ; and by the

end of July are taken from five to six pounds in weight, when they have as-

sumed the appearance of perfectly-formed salmon.

The characters by which the salmon is distinguished from the sea trout are

by naturalists ill-defined, and this seems owing to the fish not having been exa-

mined at the several stages of its growth.

Mr Yarrell (in his excellent work on the British Fishes, vol. ii.) speaks of

" the teeth of the vomer in the salmon, seldom exceeding two in number, and no

other teeth extending along the vomer as in the sea trout." Now, if we examine

a young salmon of eight inches in length, we shaU find the teeth as numerous as

in a trout of equal size, as it has from twelve to fom-teen in number running back

the whole length of the vomer. (See Plate VIII.) In a young salmon of eigh-

teen inches in length, the teeth are from five to seven in number, placed on the

anterior part of the vomer ; and in a salmon three feet long the teeth on the vo-

mer are often entirely wanting.

The principal character, which at once removes the salmon from the migra-

tory trout, is derived from the anatomical structure of the internal organs.

The csecal appendages in the salmon I have never found less than fifty-eight

in number, the average number being sixty-two ; whereas in no instance have I

ever found the csecal appendages in the migratory trout more than fifty-seven in

number, the average number being fifty-four.

By combining a number of external characters together, the experienced Ich-

thyologist finds no difiiculty in distinguishing the salmon from the trout at all

ages.

The salmon has never more than six spots below the lateral line, and often

is without any. The lower third of the pectorals is always black, as well as the

intervening membrane between the first three rays of the ventral fin. The mid-

dle ray of the tail is never more than half as long as the longest ray in that fin.

Mr Yarrell, in his extensive collection of prepared fishes, possesses a young

salmon about a pound weight. Dr Johnston of Berwick has a specimen in his

possession a pouad and a-half in weight ; and the young sahnon which I have

now the honour of exhibiting to the Society, measures eighteen inches in length,

the weight being a pound and a-quarter.

Salmo eriox, Yarr.—BuU Trout. Common.

Salmo trutta, Yarr.—Salmon Trout. Common. Most naturalists have con-

founded many species of migratory trout under the names of Sabno eriox and

Salmo trutta ; and I hope, at a future meeting of the Society, to shew, that, in-
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stead of two species only inhabiting the British waters, there are in reality seven ;

the characters of which depend on the structure of their internal organs, the

number of scales, and the form and arrangement of the lateral spots. The teeth

in the vomer of the migratory trout cannot be depended on as a character except-

ing in fishes of a certain size, for when they are eight inches in length the whole

vomer is armed with teeth, and when they exceed nine pounds in weight, the

vomer has never more than three teeth, and frequently has only one ; the num-

ber of teeth depending on the age of the fish.

Salmo albus, Dr Fleming.—Hirling or Whitling. Common. In the Frith of

Forth never taken, owing to the meshes of the salmon-nets being too large for

their capture. Many naturalists, as well as most practical fishermen, consider

the hirling as a distinct species of trout. It is said never to exceed a foot or

fifteen inches in length, having a dark back, silvery sides, and a forked tail. Last

summer, with the view of examining these fish more minutely than had hitherto

been done, I remained several weeks on the banks of the Solway Frith, where I

had an opportunity of inspecting several hundred specimens as soon as they were

taken fi'om the nets. After carefully dissecting two hundred specimens, and find-

ing them to differ exceedingly from one another, in their anatomical structure, in

the number of scales, in the colour of the flesh, and in the form and arrangement

of the lateral spots, I came to the conclusion, that they are not a distinct species,

but the young of different species of trout, which, if allowed to remain uncaught,

would increase to six or even eight pounds in weight.

Every British species of migratory trout less than fourteen inches in length

has the tail deeply forked, and, as the fish increases in size, the middle rays be-

come elongated, so that, by the time the fish reaches the weight of nine pounds,

the tail is even at the end. Colour in trout cannot be depended on as a constant

character, being liable to vary with accidental circumstances.*

The natural history of the migratory trout is somewhat similar to that of

the salmon, but the growth of the latter fish seems to be more rapid than that of

the former.

From the beginning of June to the middle of July, trout are observed to

leave the salt-water and ascend rivers, in search of a suitable situation to deposit

their spawn ; this they shed in the months of October, November, and December,

and when this law of their nature is fulfilled, they, like the salmon, return again

to the sea. In March and April the fry make their first appearance, fi^"om an inch

to an inch and a half in length ; in June they are found from two to three

inches long ; in August, September, and October, they are taken by anglers, under

the name of Parrs, from four to five inches in length. In December they are

somewhat larger, and in April and May the following year, they make their first

* Stark in Edin. New Phil. Jour. Oct. 1830, p. 327,
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migration to the sea, when they are observed six and a half, seven, and even

eight inches in length.

After they reach the sea they are lost sight of until the middle of the follow-

ing July, when they are seen in their return to the rivers, from ten to twelve

inches in length, under the name of Herlings or Whitlings.

The herlings, so far as I have observed, remain in the rivers until the end

of December or beginning of January, and return again to the sea. In June and

July they reappear, being from a pound and a half to two pounds in weight, when

they are named Sea-trout, and are now of suflBcient size to reproduce their species

in the following October.

Salmo csecifer,* Parnell. Salmo levenensis, Walker.—Lochleven Trout. Com-

mon in Lochleven.

This species of trout, which is well known to many persons as a delicate

article of food, is considered by most naturalists as a variety of the Salmo fario or

common fresh-water trout, the redness of its flesh depending on the nature of

its food.

I consider it, however, not only as distinct from the Salmofario, but as one

of the best defined and most constant in its characters of all the species hitherto

described. It is at once distinguished from the common fresh-water trout by the

number of its csecal appendages, which varies from sixty to eighty, whereas in

the S.fai'io they are never more than forty-five or forty-six in number. Its tail

is crescent-shaped at aU ages, and its body has never a vestige of a red spot. The

tail of the common trout is sinuous, and at length even at the end, and its body

is almost always marked with red spots, besides its flesh being always of a white

appearance. (See Plate VIII.)

I have no doubt but that more than two species of trout are to be met with

in our freshwater streams, which at present receive the name of Salmofario.

Salmo Salmulus, Yai'r.—Parr. Common in the river Forth. Though the

parr is stated by Ichthyologists as a distinct species of trout, yet characters have

not hitherto been given, by which it is to be distinguished either from the young

of the sea-trout or from the young of the salmon, and it is from the want of some

constant specific character that the parr has been so often mistaken for the young

of the salmon.

If a young salmon of eight inches in length be compared with a parr of equal

size, they wiU be found to differ in the following respects (See Plate VIII.)

:

The pectoral fin of the parr is large and dusky at the end, measming one-

fifth of the length of the body, exclusive of the caudal rays. The same fin in the

* Bearing caeca,—the caeca being more numerous than in any of its congeners.
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young salmon is black at the end, and measures one-sixth of the length of the

body.

The dorsal fin of the parr is situated nearer to the base of the middle caudal

rays than to the tip of the upper jaw. In the young salmon the dorsal fin is

placed exactly half way between the point of the upper jaw, and the base of

the middle caudal rays.

In the parr the csecal appendages are never more than forty-five in number.

In the salmon they always exceed fifty-seven.

It is supposed by most fishermen, that the blue bands which are observed on

the sides of the parr, and the black spot on the operculum, are peculiar to that

fish ; but the same kind of mark is also observed in the young salmon, the sea-

trout, the bull-trout, and the common fresh-water trout.

The parr of eight inches in length differs from the sea-trout of equal size, in

the same respects as it does from the young salmon, excepting in the number of

csedal appendages and the colour of the pectoral fin. (See Plate VIII.)

The parr is distinguished from the common fresh-water trout {Salmofario)

by the middle ray of the tail being less than half the length of the longest ray

of the same fin ; the middle ray of the tail in the trout being more than half as

long as the longest ray of that fin. (See Plate VIII.)

The pan- is considered by some authors to be a migratory species, and " as

. soon as they have spawned, they retire, like the salmon, to the sea, where they

remain till the autumn, when they again return to the rivers."*

As the parr has never yet been found in salt-water, I am inclined to suppose

it to be a fresh-water species, remaining, like the common trout {Salmofario), in

Our rivers throughout the year.

The natural history of the parr is stUl involved in great obscm*ity ; nor is

this difficulty, any more than the multitude of unsettled points in science, to be

cleared up by mere conjecture or hypotheses, but by the slow accumulation of

facts, and the unsparing correction of error.

Salmo fario, Yarrell.—Common Fresh-water Trout. Tail sinuous, and at

length even at the end, its middle ray more than half as long as the longest ray

of the same fin. The summit of the four anterior dorsal and anal rays, white,

with a black band beneath. Common in the neighbouring streams. (See Plate

VIII.)

Sahno umbla, Yarr.—Charr. Occasionally taken in Lochleven.

Osmerus eperlanus, Yarr.—Smelt. Common at Alloa.

Clupea harengus, Parnell, Zool. and Bot. Mag. vol. i. p. 54.—Herring. Com-
mon.

* Yarrell's British Fishes, vol. ii.
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Clupea sprattus, Parnell, Zool. and Bot. Mag. vol. i. p. 52.—Sprat. Common.

Clupea alba, Parnell, Zool. and Bot. Mag. vol. i. p. 50.—Whitebait. Com-

mon.

Clupea pilcliardus, Yarr.—Pilchard. Rare.

Alosa finta, Yarr.—Shad. Common.

Alosa vulgaris, Yarr.—Rock-Hening. Rare.

Gadus morrhua, Yarr.—Cod. Common.

Gadus aeglefinus, Yarr.—Haddock. Common.

Merlangus vulgaris, Yarr.—Whiting. Common.

Merlangus pollachius, Yarr.—PoUock. Rare.

Merlangus carbonarius, Yarr.—Coal-fish. Common. The young are named

Podlies.

Merlangus virens, Yarr.—Green-Cod. Not Common.

Merlucius vulgaris, Yarr.—Hake. Rare.

Lota molva, Yarr.—Ling. Common.

Motella vulgaris, Yarr.—Thi-ee-bearded Rock-Ling. Not common.

Motella quinquecirrata, Yarr.—Five-bearded Rock-Ling. Common.

Raniceps trifiu'catus, Parnell, Zool. and Bot. Mag. vol. i.—Tadpole Fish.

Not Common.

Platessa vulgaris, Yarr.—Plaice. Common.

Platessa flesus, Yarr.—Mud-Flounder. Common.

Platessa limanda, Yarr.—Sand-Flounder or Saltie. Common.

Platessa microcephala, Yarr.—French Sole or Lemon Dab. Not common.

Platessa Pola, Yarr.—Craig-Fluke or Pole. Not common.

Platessa limandoides, Parnell, Phil. Journ. No. 37, 1835.—Sand-sucker.

Not unfrequently met with in the month of May.

Hippogiossus vulgaris, Yarr.—Holibut. Common.

Rhombus maximus, Yarr.—Turbot. Common.

Rhombus vulgaris, Yarr.—Brill. Not so common as the turbot.

Rhombus hirtus, Yarr.—Black-Fluke. Rare.

Solea vulgaris, Yarr.—Sole. Not Common.

Cyclopterus lumpus, Yarr.—Padle. Frequently taken in the salmon-nets.

Liparis vulgaris, Yarr.—Sea-Snail. Rare.

Anguilla acutirostris, Yarr.—Sharp-nosed Eel. Common.

Anguilla latirostris, Yarr.—Broad-nosed Eel. Common.

Conger vulgaris, Yarr.—Conger Eel. Not common.

Ammodytes tobianus, Yarr.—Wide-mouthed Sand-eel. Not common.

Ammodytes lancea, Ya^^r.—Small-mouthed Sand-eel. Common.

Syngnathus acus, Yarr.—Great Pipe-fish. Frequently met with under sea-

weed.
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Syngnathus tj^hle, Yarr.—Lesser Pipe-fish. Not common.

Syngnatlms aeqiioreus.—^Equoreal Pipe-fish. Rare ; on the authority of Sir

Robert Sibbald, Prod, part ii. sect. ii. p. 24. tab. 19.

Syng-nathiis ophidion, Yarr.—Snake Pipe-fish. Rare.

Orthagoriscus mola, Yarr.—Short Sun-fish. Occasionally met with.

Acipenser stm-io, Yarr.—Sturgeon. Not common.

Acipenser latirostis, Parnell, Trans. Roy. Soc. Edin. 1837.—Broad-nosed

Sturgeon. Rare.

Scyllium canicula, Yarr.—Small Spotted Dog-fish. Not common.

Scyllium catulus, Yarr.—Large Spotted Dog-fish. Not common.

Lamna cornubica, Yarr.—Porbeagle-shark. Occasionally found,

Galeus vulgaris, Yarr.—Tope-Shark. Occasionally met with.

Mustelus Isevis, Yarr.—Smooth-Hound. Not common.

Selachus maximus.—Basking-Shark. Rare ; on the authority of Dr Neill,

Wern. Trans, i. 550.

Spinax acanthias, Yar—Dog-fish. Common.

Squatina angelus, Yarr.—Angel-Fish. Rare.

Raia chagrinea, Montagu, Wern. Trans, vol. ii.—Shagreen Ray. Not com-

mon.

Raia oxyi-h5rnchus.—Sharp-nosed Ray. On the authority of Dr Neill,

Wern. Trans, i. 553.

Raia batis, Yarr.—Grey-Skate. Common.

Raia intermedia, Parnell, Trans. Roy. Soc. Edin. 1837.—Flapper Skate.

Occasionally met with.

Raia maculata, Yarr.—Spotted-Ray. Not common.

Raia cLavata, Yarr.—Thornback. Common.

Raia radiata, Yair.—Starry-Ray. Frequently met with in the month of

April.

Trygon pastinaca, Yarr.—Sting-Ray. Rare.

Petromyzon marinus, Yarr.—Sea-Lamprey. Not common.

Petromyzon fluviatilis, Yarr.—River-Lamprey. Common.

Petromyzon Planeri, Yarr.—Planer's Lamprey. River Forth, rare.

Ammocoetes branchialis, Yarr.—Pride. Frequently met with in the River

Teith.

CORRIGENDUM.

Page 141, line 7, for and at length crenated, as in the grey gurnard a foot in length, read and at length the lateral

line and dorsal ridge become crenated, as is seen in the grey gurnard when a foot in length.
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On the Power of the Periosteum to form New Bone. By James Syme, Esq.,

Professor of Clinical Surgery in the University of Edinburgh.

Read 6th March 1837.

The object of the following paper is to put at rest a question which has been

long agitated in Surgical Pathology, and which is intimately connected with some

important points of Practical Surgery. An apology may seem due to the Society

for bringing under its consideration a subject, which, though not exclusively pro-

fessional, is still little studied except by those physiologists whose views are di-

rected to sm-gery ; but as the inquiry into which I propose to enter is neither long

nor tedious, while it is quite intelligible without any previous knowledge of its

details, I trust the patience of the members will not be exhausted ; and if the

question shall, as I hope, be decided to the conviction of those members who are

conversant with sm-gical discussions, the prevailing diversity of sentiment rela-

tive to the point at issue will be more effectually composed than if I attempted

to combat it through any other channel.

The question which I propose to consider is, " Whether the Periosteum, or

membrane that covers the smface of the bones, possesses the power of forming

new osseous substance independently of any assistance from the bone itself?"

This property was first attributed to the periosteum by Duhamel, just 100

years ago. Having been engaged in the study of vegetable physiology, and more
particularly the formation of wood, he imagined that there might be an analogy

between the inner layer of the bark and the periosteum, and that as the former

hardens in successive layers so as to constitute the wood, the latter might suffer

a corresponding conversion into bone. He supported this opinion by the following

arguments : 1. That when bones are burned in the fire or exposed to the weather,

they separate into a number of thin plates. 2. That in consequence of disease

arising from external violence, the bones frequently throw off thin scales, or exfo-

liations as they are called. 3. That when animals are fed alternately with mad-
der and without it, then* bones exhibit alternate layers of a red and white colour

;

and, 4. That when bones are fractured, they unite by means of an osseous capsule

formed externally to, and embracing the broken extremities, just as the branch of

a tree acquires strength after being grafted, or simply broken across.

This theory of Duhamel was strenuously opposed by Haller, who urged, as

altogether inconsistent with it, the mode in which bones are originally formed.
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He carefully investigated the process of ossification during incubation, and detailed

the steps of its progress in the chick as well as other young animals. The rudi-

ment of the future bone being traced from its earliest distinguishable appearance,

was found first to present the characters of a jelly ; then to acquire the consistence

of cartilage or gristle ; and finally to reach the perfect osseous state : whence it was

contended, that a structure which thus originated in a distinct form, and inde-

pendently of any other, could not owe its increase afterwards to a different source.

Haller also engaged his pupils Detlef and Boehmer in extensive series of expe-

riments, by breaking the bones of animals, and feeding them with madder during

then- recovery ; from the results of which he inferred, that Duhamel had been

mistaken in supposing that fractures are reunited by ossification of the perios-

teum.

Notwithstanding these objections, and the authority of the physiologist from

whom they proceeded, the doctrine of Duhamel still maintained its ground ; and

not long afterwards, viz. in the year 1780, derived a great accession of strength

from the experiments of Troja, who, by destroying the marrow of bones, caused

their death, and the formation of new shells surrounding them, apparently from

ossification of the periosteum. This experiment, which Troja himself performed

some hundreds of times, when repeated and varied by the pathologists of almost

every country, seemed to confirm the ossific power attributed to the periosteum

beyond question, until Scarpa, the late distinguished Professor of Pavia, again

investigated the grounds on which it was originally founded by Duhamel. In

Scarpa's treatise "DePenitiori Ossium Structura," which was published in 1799,

he explained, that the foliated appearance presented by bones that had been burnt

did not depend upon the development of a structure naturally belonging to them,

but was an effect produced by the unequal action of the fire ; and that the se-

paration of scales fi*om diseased bones was no stronger proof of their possessing a

laminated structure, since thin and broad portions of dead substance are wont to

be detached from the skin and other soft textures, in which it was never supposed

that layers existed naturally. He recalled attention to the synthetic experiments

of Haller, who, by investigating the formation of bone from the earliest stage to

its perfect state, had established the reticulated nature of its texture ; and by an

opposite process of an analytic kind, which consisted in depriving bones of their

eai-thy constituent by means of diluted acids, and then macerating them for a

long while in water, he unravelled the texture so as to shew that it really was re-

ticular. As a consequence of these observations, Scarpa denied that bone could

be formed by the periosteum ; and this opinion was keenly embraced by several

pathologists of the present century, and particularly by the French surgeon Le-

veille.

At present, professional opinion is divided in regard to the ossific power of
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the periosteum, and different sides of the question are maintained by teachers and

writers in this as well as other schools of medicine. As the point in dispute is not

merely a matter of curiosity, but one of great practical importance, it is very de-

sirable that the truth should be ascertained. It would detain the Society too long

were I to shew how the different opinions on this subject may influence the prac-

tice of surgery; and I shall, therefore, proceed to state the considerations which

have completely satisfied my own mind, and are, I think, sufficient to satisfy any

one who is open to conviction, that though Duhamel was misled into many errors

by the false analogy which he supposed to exist between wood and bone—in re-

gard to the mode of their natural formation—the periosteum nevertheless does pos-

sess the power of producing new osseous substance in certain conditions of disease.

The well-known and often-repeated experiment of Troja, which consisted in

perforating the cavity and destroying the maiTow of a bone, so as to kill it and

cause the formation of a substitute in the form of a shell surrounding the old one,

was devised in imitation of a process which not unfrequently occurs spontaneous-

ly in the human body. In this disease, which has been named Necrosis, a portion

of the old bone -dies, and becomes surrounded by a new one. There is an example

of this on the table, in which the tibia, or principal bone of the leg, has been thus

affected. The new shell is of a larger size and more irregular form than the old

one, which may be seen through a number of circular apertures lying a prisoner

witliin this structure, intended by Nature to serve as a substitute for it. Those

who deny the ossific power of the periosteum, maintain that in all such cases,

whether resulting from injmy pm-posely inflicted with the view of experiment, or

proceeding from diseased action, a portion of the old bone remains alive, and serves

as the germ of a new one ; that, in short, the formation of the new bone is sim-

ply an expansion or growth from the remnant of the old one, and that if merely

the extremities of the bone affected remain alive, they will prove sufficient for ge-

nerating the substitute shell.

It is difficult to reconcile this explanation with the rapid growth and uniform

thickness of the new bone ; since, if its formation proceeded from the extremi-

ties, the process should be slow and progressive towards the centre ; but there is

another objection still more conclusive against it. If the new bone is formed by

a portion of the old one that remains alive, then the removal of a part by mecha-

nical means should be supplied from the same source. But in all the cases where

this has been done, either in the way of experiment or for the cure of disease, the

loss of substance, unless of small extent, has been found imperfectly repaired.

For instance, after the operation of trepanning the skuU, the aperture in the bone,

though it becomes diminished in extent, is not altogether obliterated, and the

newly-formed bone is not only smaller than the portion removed, but also thin-

ner, as may be seen from the specimens before me.
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In the fore-legs of dogs and rabbits, there are two bones of nearly equal size,

and so connected, that a large portion of one may be taken away without destroy-

ing the rigidity of the limb. There is here, therefore, a convenient opportunity of

trying what can be done by the extremities of a bone for restoring losses of sub-

stance in its shaft. Experiments of this kind have accordingly been frequently

performed on these animals, and the result has uniformly been, that when the

portion removed exceeded an inch in length, there was a permanent deficiency of

osseous substance, the ends of the bone being merely produced towards each other

in a conical form, and connected together by a tough ligamentous texture. Sir

A. Cooper has given representations of the results he met with; and on the

table there is a specimen of my own experience (see Fig. 1, Plate IX).

Some of those pathologists who deny the ossific power of the periosteum, and

claim the whole production of new osseous substance for the bone itself, have at-

tempted to explain away the difficulties which havejust been stated, by supposing,

that in cases of necrosis where a new bone is formed, the old one, in consequence of

the increased action preceding its death, may determine the effusion of organizable

matter into the surrounding soft textures, which will serve as a matrix or foun-

dation for the new shell, and be ready to take up the ossifying process so soon as

it is communicated from the surviving extremities of the bone. That the process

of reproduction may be accomplished in this way I am not prepared to deny, but

that it is not necessarily, or always so performed, will, I think, appear from the

following case.

A gu'l twelve years of age strained her ankle in the month of March 1835.

Inflammation followed, extending up to the knee, and attended with violent fever.

She was brought to the hospital, and placed under my care. Incisions were soon

afterwards made to evacuate a large collection of matter which had formed in the

leg. And the bone being found dead, while the patient's strength was rapidly

giving way, I amputated the limb above the knee five weeks after the injury had

been received. The girl recovered, and is now well. In examining the limb to

ascertain the extent to which the bone had died, I found that it was partially sur-

rounded by the commencement of a new one. This sheU had already acquired

considerable firmness at some parts, but was not equally thick throughout, and

did not seem fixed to the ends of the old shaft. This observation led to a very

careful dissection of the parts concerned ; and they are now before the Society.

It wiU be seen that the tibia had died very nearly from end to end, and that the

new shell inclosing it has been formed in the periosteum. The new osseous sub-

stance may be observed at some parts in the form of small distinct scales. At

other parts it looked as if it had originally consisted of separate portions, and

been composed by their union. The periosteum connecting these portions to each

other and to the extremities of the bone was not thickened beyond its natural
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condition ; and where it covered the posterior surface of the tibia, though quite

detached from the old bone, had not suffered any farther change.

There is here, then, an instance of a bone dying suddenly in consequence of

acute inflammation, without any thickening having previously formed in its neigh-

bourhood, and nevertheless succeeded by the production of a new osseous shell,

which evidently could not proceed from the old bone, and no less evidently depend-

ed upon an ossific process resident in the periostemn.

As Nature is not capricious or variable in her proceedings, I regard this case

as sufficient of itself, without any farther evidence, to establish the ossific power

of the periosteum. But, with the view of making the matter still more clear, I

performed the following experiments. I exposed the radius of a dog, and removed

an inch and thi'ee-quarters of it together with the periosteum. At the same

time I exposed the radius of the other leg, and removed a corresponding portion

without the periosteum, which was carefully detached from it and left quite en-

tire, except where slit open in front. Six weeks afterwards the dog was killed,

and the bones examined. In the one from which a portion had been taken to-

gether with the periosteum, the extremities were found extended towards each

other in a conical form, with a great deficiency of bone between them, and in its

place merely a small band of tough Ugamentous texture. In the other, where the

periosteum had been allowed to remain, there was a compact mass of bone not

only occupying the space left by the portion removed, but rather exceeding it

(see Fig. II.). This experiment was repeated, and aflbrded the same results.

I next exposed the radius of another dog, and separated the periosteum from

the bone as in the former experiment ; but then, instead of cutting out the denu-

ded bone, inserted a thin plate of metal between it and the periosteum. The

edges of the membrane, as weU as those of the skin, were sewed together, and the

wound healed kindly. At the end of six weeks I dissected the limb, and found

a deposition of osseous substance in the periosteum, forming a bony plate exterior

to the metal, and not connected with the old bone except by the membrane.

I lastly exposed the radius of a dog, and cut away the periosteum to the

same extent that it had been merely detached in the experiment just mentioned,

and surrounded the denuded bone with a piece of metal. At the end of six

weeks, I found a thick tough capsule formed, enclosing the metallic plate, but

having no osseous substance in it.

The evidence which has now been adduced seems to me sufficient for putting

beyond all question the power of the periosteum to form new bone, independently

of any assistance from the old one. I submit it, with deference, to the Societ}'', in

the hope, that those members who have directed their attention to the subject,

will give it their dispassionate consideration, and either admit the opinion which

it supports, or shew the fallacy by which it has misled.
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EXPLANATION OF PLATE IX.

Fig. I. Radius of a dog from which a piece of bone was taken along with the Periosteum.

Fig. 11. Radius of the same dog, from which a similar piece of bone was taken without the Perios-

teum.

Fig. III. Longitudinal Section of the last mentioned bone, to shew the solidity of the newly formed

portion.

Fig. IV. Portion of bone which was removed in this experiment.
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On the Optical Figu7'es produced hy the Disintegrated Surfaces of Crystals.

By Sir David Brewster, K.H., D.C.L., F.R.S.

Read 6th February 1837.

There is no branch of natural science about which we know so little as that

which relates to the structure of crystalline bodies. By assuming the form of an

integrant molecule, crystallographers have found no difficulty in building those

geometrical solids which minerals and artificial crystals present to our observation.

They conceive that these molecules unite by their homologous sides in the foiTaa-

tion of the primitive crystal, and by supposing that they arrange themselves in

plates on the faces of that crystal, each plate successively diminishing in size

by the abstraction of a certain number of these molecules in lines of a given direc-

tion,—all the secondary forms of the crystal may be easily deduced.

In place of employing, as Hauy has done, integrant molecules having the

form of a tetrahedron, a triangular prism, and a parallelopiped, others have sug-

gested the more philosophical idea of constructing crystals out of spheroidal ele-

ments, including, of course, the sphere by which the oblate passes into the prolate

solid. But in whatever way crystallographers shall succeed in accounting for the

various secondary forms of crystals, they are then only on the threshold of their

subject. The real constitution of crystals would be still unknown ; and though

the examination of these bodies has been pretty diligently pursued, we can at

this moment form no adequate idea of the complex and beautiful organisation of

these apparently simple structures. The double refraction and p3rro-electricity of

crystals related to certain fixed points of theh primitive forms ; and the pheno-

mena of circular polarisation in quartz and amethyst, connected with the plagiedral

faces of the crystal, indicate remarkable peculiarities of structiu'e ; and I have

had occasion to shew that all the properties comprehended under Double Refrac-

tion and Polarisation do not exist in the ultimate molecules of the body, but are

wholly the result of those forces by which these molecules are combined. Struc-

tures still more complicated have been discovered by the analysis of polarised

light, and in the complex formations of apophyllite and analcime, we witness the

operation of laws resembUng more those which regulate the structures of animal

life, than those which had previously been observed in crystalline formations.

The doubly refracting structure of crystals, or to use the language of the un-

dulatory theory, the law according to which this structure permits the ether to
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be distributed in their interior, relative to one or more axes, becomes the index as

well as the measure of certain changes of structure which in some cases arise du-

ring the process of crystallisation. When the atoms approach each other in a

pure and undisturbed solution, the crystal which they form will be a correct type

of the species ; but if the solution has been exposed to agitation,—if its electrical

condition hasbeenchanged,—ifforeign matter, crystallised or uncrystallised, opaque

or transparent, coloured or uncoloured, amorphous or isomorphous with the

crystal ;—if any such matter has been introduced into the solution, we may expect

a crystal deviating from the type of perfect crystallisation, in transparency, or

colour, or density, or hardness, or refractive power, or in doubly refracting and

polarising structure. A very remarkable example of such changes I discovered

long ago in chabasie. When the crystal had begun to form, it possessed the struc-

ture of the perfect mineral, but the force of positive double refraction of each

successive layer began to diminish till it wholly disappeared. The changes, how-

ever, did not stop here ; a negative doubly refracting structure commenced at the

neutral line, and gradually increased till the crystal was completed. This singular

effect I ascribed to the introduction of foreign matter between the integrant mole-

cules of chabasie, which weakened their force of aggregation, and consequently

the double refraction produced by the mutual compression which arises from that

force. By pursuing the same idea, I have been recently led to discover the cause

of the beautiful but perplexing phenomena of dichroism, and I hope to be able to

lay before the Society an artificial combination in which the actual phenomena

are reproduced.

Having thus briefly adverted to the present state of our knowledge of the

interior constitution of crystals, I shall now proceed to the proper subject of this

paper, which is to describe the optical figures produced by the disintegrated sur-

faces of minerals and artificial crystals. The disintegration by which these figures

are developed, is produced by three causes :

—

I. By the natural action of solvents on the mineral, either at the time of its

formation or at some subsequent period in the bowels of the earth.

II. By the action of acids and other solvents upon the surfaces of perfect

crystals; and,

III. By mechanical abrasion.

I. The first examples of Natural disintegration which I met with, were in

Brazil Topaz. In a great number of these topazes, I observed cavities filled with

a white pulverulent substance, which Berzelius, who analyzed it at my request,

found to be a sort of marl, consisting of silex, alumina, lime, and mater, and which,

as he remarks, would have formed a zeolite had it been crystallised. Upon ex-

amining the sides of the cavities which contained this substance, I found that
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they were rough and irregular, as if they had been disintegrated by a solvent ; and

I observed the very same effect on the flat summits and pyramidal faces, but never

on the faces of the prism. As it was impracticable to apply the goniometer to the

mensuration of the angles of the minute facets which the microscope rendered vi-

sible on these disintegrated surfaces, I thought of obtaining a general idea of their

position by examining the manner in which they arranged the reflected images of

a luminous point placed at a distance. Upon making this experiment, I was sur-

prised to see a beautiful optical flgure, consisting ofthe most elegant curves ofcon-

trary flexure, studded with tufts of light, and arranged with the most perfect sym-

metry round the central image of the luminous point which is formed by those por-

tions ofthe summit ofthe crystal which had escaped from the action ofthe solvent.

This remarkable arrangement of the reflected light is shewn in Plate X, Fig. 1.

Avhere it consists of three curves of contrary flexure of the general form of lemnis-

cates, having at the extremities of their greater axis two semicircular tufts of light,

and at the extremities of their lesser axis two triangular tufts of light. These

figures undergo considerable changes on different specimens, depending, as will

afterwards be seen, either on the time during which the solvent has acted upon

it, or upon its dissolving power :—but they never deviate from the general type,

and in the most imperfect and rough specimens, of which I have examined more

than an hundred, it is easy to recognise the elements of the perfect figure. One

of these variations in the figure is shewn in Fig. 2, where the light of the inner

curve is diffused over a nebulous figure with a crescent at each end, and an ellip-

tical space in the centre, from which the image of the candle, or luminous point,

has wholly disappeared. Hence it appears that the whole of the original surface

of the flat summit of the crystal has been removed by the action of the solvent,

an effect which may be imitated, as we shall presently see, in artificial crystals.

The nebulous expansion of which we have been treating has sometimes rectilineal

branches at its extremities, and is sometimes filled up in the middle, where the

image of the candle is distinctly seen. In other specimens, this nebulous portion

is the only part that is visible. The angular magnitude of the figure varies greatly

in different specimens, and also its distinctness and continuity. When the ele-

mentary facets are large, the outline of the figure is marked by separate images

of the candle, and when these facets are very small, the luminous tracery is soft

and nebulous, and sometimes shading off into colom-ed tints, like the fringes pro-

duced by the interference of common or polarized hght.

The optical figures produced by the faces of the pjramid are less distinct and

beautiful, but not less remarkable, than those which we have been describing.

Upon faces inclined about 145° to the summit plane, and which seem to be those

marked s by Hauy,* the strange figure shewn at A, Fig. 3, is seen ; on the ad-

* Plate 44, Fig. 1, &c., first edition.
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joining face the same figure reversed is seen as shewn at B ; on the next face is

seen the figure C, the same as A ; and on the next face again the figure D, the

same as B. I have ohserved other figures on faces differently inchned to the axis,

but they are not of sufficient distinctness to merit delineation.

Optical figures analogous to those seen in topaz, may be observed in various

other minerals ; but it is very difficult to find specimens that have undergone dis-

integration on their surfaces.

On the cubical faces of a specimen of White Fluor-spar from Shaionce town,

lUinois, U. S., sent to me by Professor Silliman, I have observed a figure consist-

ing offour radiations, inclined 90° to each other, and having the bright central

image entirely obliterated. On the octohedral surfaces of the common fluor-spar,

the figure consists of three radiations, inclined 120* to each other.

In a crystal of Ho^^nhlende, the four summit planes at each end of the prism

give the figure of a small luminous circle, as shewn in Fig. 4, the central image

being wholly obliterated. On the faces of the prism, which are not those of

cleavage, the figm-e is a luminous rhomboid, as shewn in Fig. 5, with a nebulous

image at each angle, and one in the centre, the shorter axis of the rhomboid co-

inciding with the axis of the prism. In some specimens the luminous lines uni-

ting the four images at the angles are not developed.

In a specimen of Axinite, I observed the remarkable geometrical figure shewn

in Fig. 6. It consisted of two images a, b, joined by a line of light, and each of

them sending out, in opposite but parallel directions, luminous rectilineal branches

ac, hd. The line « 5 is perpendicular to the edges of the prism, and ac,hd pa-

rallel to the sides of the reflecting face. On the opposite side of the prism the

figure is reversed.

On the faces of the primitive cube of Boracite, the optical figure seen by re-

flection is a rectangular luminous cross, with a central image, the radiations being-

perpendicular to the edges of the square faces. Muriate of soda that had begun

to deliquesce in a humid atmosphere exhibits the same figure.

The faces of the octohedron of oxidulated iron gives six luminous radii, in-

clined 60° to each other ; but each alternate image is stronger than the one adja-

cent to it.

On the rhomboidal faces of the dodecahedron. Garnet gives an optical figure

like a St Andrew's cross, the line bisecting the arms of the cross being perpendi-

cular to the longer diagonal of the rhomboidal face.

The natural faces of a fine octohedral Diamond gave three luminous radia-

tions, inclined 120° to each other ; and the same figure was exhibited by the faces

of a rough pyramid of Amethyst, and by some of the cleavage planes of Oligist

Iron-ore.

As minerals with disintegrated surfaces are not to be found in mineralogical
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cabinets, owing to their being in general bad specimens, I have not been able

to pursue this branch of the subject any farther ; but I have no doubt that if I

had such a copious supply of other minerals as I had of topaz, I should be able

to find among them specimens of equal interest.

11. We come now to the second and the principal branch of the subject,—^to

describe the optical figures produced by the action of water, acids, and other sol-

vents, upon the surfaces of perfect crystals, both natural and artificial.

The crystals which I have found to be best adapted for exhibiting the action

of solvents in producing optical figures by reflection, are Alum, Fluor-spar, and

Calcareous Spar.

If we take a fine crystal of Alum, and look at the linage of a candle reflected

as perpendicularly as possible from one of the faces of the octohedron, it will ap-

pear perfectly distinct, and without any luminous appendages. If we now im-

merse it for an instant in water, and dry it quickly with a soft cloth, the reflected

image will send out three luminous radiations, as shewn in Fig. 7. By a second

immersion in the water, three small unages of the candle wiU be developed at 1,

2, 3 ; and by a little farther action of the solvent, these images connect them-

selves with the central image S, by the radial lines 1 S, 2 S, 3 S, inchned 110° to

each other, and 30° to the principal radiations from S. By continuing the action

other three images start up at 4, 5, 6, but apparently without any radial connec-

tion with S. The principal radiations a S, 6 S, c S begin at this period to grow

faint between 4 and 1, 5 and 2, and 6 and 3. Another immersion of the crystal

developes the images 7, 8, 9 ; and by continuing the action, the images 1, 2, 3

become the brightest, and the branches A, B, C become more like images at m, n, o.

The central image S has now transferred almost aU its light to the new images,

and another immersion wiU make it disappear altogether, leaving the central part

of the figure perfectly dai'k, as in Fig. 8.

It is now obvious, that by repeated actions of the solvent we have removed

the whole of the original surface of the crystal by which the central image S was

formed, and have replaced it by a great number of facets, which reflect, in conse-

quence of their various inclinations, the different portions of the geometrical image

shewn in Fig. 8. If we carry the process of solution farther, the figure will un-

dergo successive changes, becoming larger and more discontinuous in its outhne.

The beauty and regular development of these phenomena, depend in some

measure on the perfection of the original surface of the crystal, and greatly on the

uniform temperature of the water, and the shortness of the jjeriod during which

the crystal is immersed in it. The successive development of the figure may be

pretty weU seen upon an artificial sm'face of the octohedron of alum, provided it

is nearly parallel to the original surface. When the inclination of the artificial
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face is considerable, the optical figure loses its symmetry, and gradually passes into

other figures produced by the other faces of the crystal towards which the arti-

ficial face is inclined.

On some occasions I have found the principal radiations united by a beautiful

nebulous web of a triangular form (as shewn in Fig. 9).

All the figures above described, may be seen by reflection from the smallest

portion of the face of the octahedron, and they are often more beautiful on one

part than another. The principal radiations are shewn in the figures as if they

were seen from the centre of the triangular face, in which case they point to the

angles ; but in all other cases, the radiations are perpendicular to the opposite

sides of the triangle.

If we expose any of the six square faces perpendicular to the three axes of

the octohedron to the action of water in the manner already described, and exa-

mine the optical figure which it produces by reflection, we shall see four rectan-

gular radiations as in Fig. 10, each radiation being perpendicular to a side of the

square, and consequently passing into one of the three radiations formed by each

face of the primitive octohedron. By successive actions, these fom^ radiations

become shorter towards the central image, which gradually grows fainter and

sometimes disappears.

If the same experiment is made with the twelve faces formed on the twelve

edges of the octohedron, we shall obtain a figure Avith two radiations, forming an

oval line with the image ofthe candle in the middle of it. This image becomes gra-

dually nebulous and finally disappears, leaving a kind of elongated oval nebula,

with a dark oval centre, as shewn in Fig. 11, where the line AB is perpendicular

to the replaced edge, and parallel to an axis of the octahedron. The two radia-

tions A, B, obviously pass into one of the three radiations given by the adjacent

faces of the octohedron ; and if we were to cut a great number of artificial faces

variously inclined from that which gives the two radiations in Fig. 11, to that

which gives the fou?- in Fig. 10, we should observe Fig. 11. gradually passing into

Fig. 7, and acquu-ing a third radiation, and Fig. 7. passing into Fig. 10, and ac-

quiring a fourth radiation.

From the phenomena exhibited by alum, I proceed to those produced by

Jluor-spar, a mineral having the same primitive form and cleavage. Having im-

mersed one of the faces of the octohedron for a few days in sulphuric acid, I ob-

tained by reflection the beautiful figure shewn in Fig. 12. The three principal

radiations A, B, C, with the luminous triangular centre, are first developed, and by

continuing the action of the acid, six new images are produced at ef, g h, and i k,

connected by lines of light with the other part of the figure. A continuance of

the action developes six luminous curves proceeding from the images ef, gh, i k,

as in Fig. 13, having each a new image within their concavity. Three insulated

VOL. XIV. PART I. Y
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images appear also at I, m, n, distant 120° from each other, and 60° from the

principal radiations.

When the faces of the cube formed by planes replacing the angles of the

octohedron are acted upon by the acid, the beautiful figm-e shewn in Fig. 14. is

produced, the half moons at the four angles being more distinctly brought out in

some cases than in others.

The mutual connection of these figures will be seen in Fig. 15, where the tri-

angles represent the faces of the octohedral pyramid unfolded as it were, and the

quadrangular figure the square base of the pyramid.

Among the variations of figure produced by the strength of the acid, or the

duration of its action, one of the most interesting is the one represented in Fig. 1(5,

Avhere the three principal radiations are inclosed in a luminous equilateral trian-

gle, having a bright image at each of its angular points. If we grind and polish

the opposite surface of the octohedron, so as to have a parallel plate, we shaU see

Fig. 16. much more brilliantly by transmitted light.* If we now expose this

second surface to the action of the acid, we shall see the optical figure shewn in

Fig. 17, which is Fig. 16. inverted. The cause of this inversion is, that this second

face is parallel to a face in the opposite pyi-amid of the octohedron, whose apex

lies in an opposite direction to that of the face which gives Fig. 16. If we now
look through the two faces that have been acted upon by the acid, we shall see

the beautiful luminous figure shewn in Fig. 18, each image produced by the one

surface being converted into an optical figure by the second. When the figure

produced by the first surface of the plate of spar has its simplest form of three

radiations, the multiplied figure seen by transmission contains only the twelve

bright images and the central image of Fig. 18. ; but when it exhibits the more

compound form of Fig. 12. or 13, the transmitted figure becomes exceedingly

complex. It is obvious that the figure shewn in Fig. 14. wiU not be altered by
transmission through two surfaces. Its brilliancy, however, and distinctness will

be increased.

In some specimens I have observed three beautiful luminous arches, m n,

mo, no, as shewn in Fig. 12.

Upon the face of a cube of fluor-spar, which had been ground and smoothed,

but not polished, before it was acted upon by dilute muriatic acid, I observed the

appearance in Fig. 19. The original image had entirely disappeared from the cen-

tre of the rounded square of light, and the interior of the cube was filled up with a

faint nebulous light of uniform intensity. The eight round images were equidis-

tant and equally bright, and the perimeter of the square was brightest at its angles

and the middle points of its sides.

* This is the case with all the optical figures previously described.
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After the specimen had been exposed for some time to the action of boiling

muriatic acid, the face which had given Fig. 19, now exhibited the remarkable

phenomena shewn in Fig. 20. The nebulosity had almost disappeared from the

interior of the square, and collected, as it were, in its centre. The brightest parts

of the figure were the curved masses at the angles, the middle parts of the sides

of the figure being exceedingly faint.

From the tessular I proceeded to the rhombohedral system of crystallization,

and I employed calcareous spar and sulphate of potash in the inquiry.

Having immersed a rhomb of calcareous spar in dilute niti^ic acid, four parts

of water being added to one of acid, I observed the reflected figure from all the

faces of the rhombohedron, to have the form shewn in Fig. 21. The obtuse angle

of the crystal was in the direction CE, and the angle ACB was greater than 120°.

As the obtuse angle ofthe opposite face has an opposite direction, the figure which

it gives by reflexion is the inverse of Fig. 21, so that, by looking through the

parallel faces, we obtain a figure with six luminous radiations. By varying the

strength of the acid, the time of its action, and taking the surfaces of different

crystals, the figure undergoes remarkable changes; but though two individual

figures often occur between which no similarity exists, yet, by observing the tran-

sitions of a considerable number, we may trace the family likeness through them aU.

The thin web of light AEB, BD, and DA, appear at an early stage of the

action, but it is often wanting between A and B, and by continuing the action, a

radiation often appears at F, sometimes united, and sometimes not, with the

centre C. The radiation CD sometimes expands suddenly below C, into a diver-

ging brush of light, and in other cases it is often wholly wanting, as well as the

triangular luminous centre C. In this case we have only two luminous brushes,

A, B, with a small central image at C, A and B being sometimes joined by bright

light, and sometimes by a small arch of nebulous light, the centre of which was

ate.

On the faces of three different crystals, a figure with^w radiations, diverging

at unequal angles, was produced. Two of these were the radiations A, B, the

third was the brush developed at E, and the fourth and fifth were formed by the

division of CD into two branches. Sometimes the whole of the central part of

this five-rayed figure was wanting, leaving the expanded part of the raditition in

the circumference of a sort of oval ring, which was sometimes luminous through-

out, but studded with the five brushes of stronger light.

When the solvent was pretty strong muriatic acid and water, the figures

have often a great similarity to those already described, but in some cases they

have the form of luminous shields of a triangular foiTQ, as shewn in Fig. 22. The

place of the central image is at C ; the brightest part of the figure is at E, with a

reddish margin, and the next l)rightest at A and B. In other crystals the lights
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A, B, E, were connected with C by the radiations, and in one case, where a

weaker acid was used, E was elevated farther above C, and a horizontal band of

light passed below C to the sides AD, BD.

When strong vinegar was used as the solvent, I obtained the figure shewn in

Fig. 23, the letters having the same indications as in the preceding figures.

I now proceeded to apply the solvents to the summit planes of the prism.

My first experiment was made on an artificial face, perpendicular to the axis. By
the action of vinegar it gave the figure shewn in Fig. 24, which consists of three

radiations, inclined 120° to each other, having its centre sometimes dai-k, and

sometimes occupied with a small image. The rudiments of other tliree radia-

tions, inclined 60° to the former, are distinctly visible, and beside a luminous

circle circumscribing the whole, there are three non-concentric circular arches,

similar to those seen in fluor-spar.

The very same figure, with the exception of the circle and the circular arches,

was obtained from the action of dilute muriatic acid on the natural faces of the

cJiaux ca7'bonatee basee of Hauy.

Having ground and repolished the artificial summit which exhibited Fig. 24,

I exposed it to the action of dilute muriatic acid, when I was surprised to see it

produce the strange figure shewn in Fig. 25. Although the symmetry of the

figure is hostile to the idea that its shape might have been partly the effect oi*

accident, yet I found it unaltered by repolishing, and again disintegrating the

surface, and what is still more decisive, I obtained the very same effect twice from

another crystal of calcareous spar.*

By placing the crystal which gave this remarkable figure in a stronger acid

solution, it gave on both its faces the figm-e in Fig. 26, the light of which is

strongest in the circular arches. By continuing the action of the same acid, the

three inclosed radiations disappear entirely, and what is still more singular, they

reappeared by a farther continuance of the action. The action being prolonged,

they again disappeared, the circular arches grew wider and more confused, tOl

they filled up the space which they at first inclosed.

Another crystal of spar exhibited the very same series of successive changes

which I have now described.

I now reground and polished the faces of both these specimens. When they

,vere plunged into strong dUute acid, their disintegrated surfaces produced no

figure, but by increasing the strength of the solution the figures were developed

as formerly.

In order to observe the effect produced upon faces that were not coincident

either with the primary or secondary faces of the crystals, I ground down one of

* The brightest part of the figure was ab, the part above a being faint.
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the acute solid angles, and replaced it by a plane inclined 71° to a face of the

rhomb, the common section being parallel to the long diagonal of this last face.

After being immersed in dilute nitric acid, it gave the strange branching figure

shewn in Fig. 27, where abcforias the brightest portion. I obtained the same figure

with another crystal, but the parts a; y were wanting, and h and c were continued

through aio m and n. The side a was directed to the obtuse angle of the rhomb.

With another crystal, in which the artificial face was inclined 104° instead of 71°,

the figure shewn in Fig. 28 was produced.

My next experiments were made with sulphate oipotash, a crystal which be-

longs to the rhombohedral system. By the slightest action of water upon the flat

summit of a hexagonal prism, it produced six luminous images, symmetrically

arranged round the central image, each image being opposite a side of the hexa-

gon. All these images were connected with the central image by a halo of fainter

light. The faces of the hexagonal prism produce the figure shewn in Fig. 29, the

line AB being coincident with the axis of the prism. By continuing the action

the branches C, D vanished, and the figure appeared as in Fig. 80, the images be-

ing connected with a haze of light.

A more remarkable effect was produced with the faces of the truncated pyi-a-

mid. Three of the six faces produced the effect shewn in Fig. 31, while the other

three alternate faces produced the same figures, but without the wings E, E. Some-

times two images are seen below B.

My attention was now directed to the system of crystallization in which the

base of the primitive crystal is a square. Having immersed a fine crystal of Faroe

apophyllite in dilute nitric acid, the summits of the prism were alone acted upon.

They produced a figure with/om* rectangular radiations directed to the angles of

the summit, and four much shorter ones pointing to the sides of the square sum-

mit. The four large rays appeared first connected with a luminous web, and the

four small ones were subsequently developed.

The very same figure, but with some modifications, was produced by the ac-

tion of water upon the summit of the square prism of sulphate ofpotash and cop-

per. The small radiations were produced last, as in apophyllite, but what is re-

markable, they are du-ected to the angles, and not to the sides of the square face.

The extreme solubility of this salt renders it difficult to develope the figure dis-

tinctly.

From another crystal of the same class, superacetate ofcopper and lime, I ob-

tained the beautiful figure shewn in Fig. 32, where the eight radiations are of

equal length, and the images at their extremities connected by beautiful curves

of light concave outwards.

I have made a great number of experiments with crystals belonging to the

prismatic system, such as, sulphate of magnesia, horax, tartrate ofpotash and soda.
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sulphate of iron, and sulphate of copper, but, though I have dehneated many of the

figures which they produce, and though some of them have considerable interest,

I am not able to present the details in the foi-m which I could wish. I expected

to have been able to obtain interesting and definite results by subjecting the faces

of a large class of minerals to the action of fluoric acid ; but, in so far as my ex-

periments went, I was disappointed. Dr Fj^e, many years ago, exposed several

crystals of quartz and amethyst, which I sent him for this purpose, to the action

of fluoric acid, but the disintegration of the surfaces Avas such that they would

not reflect any light at all. I have no doubt, however, that, by weakening the

action and carrying it on very slowly, the desired effect will be produced.

During the preceding experiments I was led to observe, that different solvents

had a tendency to produce different figures, and I confirmed the truth; of the ob-

servation by many experiments. When muriatic acid, for example, acts upon

alum, it produces a figm*e with six radiations, not unlike those of sulphate of po-

tash, and, by continuing the action, the central image vanishes. If in this state

we immerse it in water, three of the radiations vanish, and it assumes the usual

form. When again immersed in muriatic acid the six images reappear. Diluted

nitric acid has the same effect as muriatic acid ; but diluted sulphuric acid gives

such a form to the radiations, that their extremities are included within an equi-

lateral triangle, the larger radiations pointing to the three angles, and the shorter

ones to the three sides.

Diluted alcohol, though it acts feebly upon alum, produces a figure different

from water and the acids. It gives a figure with three short radiations ; and, by

farther dilution, the figure undergoes changes which give it a greater resemblance

to the aqueous figure.

In order to retard or diminish the action of solvents upon highly soluble crys-

tals, I conceived the idea of immersing them in solutions of the crystal of different

degrees of strength. In making this experiment on alum, I took a crystal ^vhich

gave the figure shewn in Fig. 8, and, having immersed it in a saturated solution

of alum for a single instant, I found that it had, as it were, seized the particles of

alum in the solution, and replaced them in their proper position on the disinte-

grated face. By subsequent immersion the face repassed through aU the stages

at which it produced the phenomena shewn in Fig. 7, and finally became perfect,

reflecting a single image of the candle. The singular fact in this experiment is,

the inconceivable i^apidity with fvhich the particles in the solution fly into their

proper places upon the disintegrated surface, and become a permanent poi'tion of the

solid crystal.

In repeating and varying these experiments, I observed a number of curious

facts, which it would be out of place here to describe. I immersed crystals of

alum in satm*ated solutions of nitre and other salts, and observed many remark-
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able changes upon the figures which they produced. The changes take place prin-

cipally upon the central parts of the figure, as shewn in Fig. 38, which represents

one of the forms which a solution of nitre gave to the figure produced by alum ;

but in other cases the whole figure suffers a change. A crystal of sulphate ofpo-

tash, which gave the hexangular radiations already described, produced the same

figure, with twice the angular magnitude, when dipped for a few seconds in a sa-

turated solution of nitre.

In consequence of having observed that the natural cleavage planes of crys-

tals gave indications of regular optical figures, similar to those produced by solu-

tion, I Avas led to make some experiments on the effects of mechanical abrasion,

as produced by coarse sandstone, or by the action of a rasp or large-toothed file.

Surfaces thus torn up produced, in a rude manner, the optical figure given by so-

lution ; but what was very remarkable, thefigure had a different position, or had

the position which solution would have developed on the opposite face. This is

also true of the figures produced by natural cleavage planes, in which the sepa-

rating surfaces have been slightly torn up.

It is scarcely necessary to observe, that the power of producing the optical

figures described in this paper may be communicated to wax or isinglass, &c. The

impressions on isinglass enable us to see the figure by transmitted light, and to

observe its form and dimensions with greater accuracy.

Allerly, February 1. 1837.
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Yj^. Researches on Heat. Third Series. ^ \. On the unequally PolarizaUe Nature

of different kinds of Heat. § 2. On the Depolarization of Heat. § 3. On the

Refrangibility of Heat. By James D. Forbes, Esq. F. R. SS. L. Sf E., Pro-

fessor of Natural Philosophy in the University of Edinburgh.

Read 16th April 1838.

Introductory.

1. The following paper is divided into three sections, containing three distinct

yet intimately connected investigations. The two first on the Polarizabihty and

Depolarization of Heat have arisen immediately out of the train of investigation

contained in my two former papers, and the researches of others to which they

gave rise. The third is on the Refrangibility of Heat, a point of the highest im-

portance for theory.

2. The experiments on which these investigations are based have been per-

formed almost exclusively dming the past winter. Part of the experiments on

Depolarization were, however, made in the winter 1836-7. The mode adopted for

trying Refractive Indices I had long ago contemplated. It was not, however, put

in practice until January last.

3. The methods of measuring heat, &c. are exactly those fuUy detailed in the

Second Series, § 1. The only modification of importance was attaching a lens in

front of the pile, as described in Art. 56 of this paper.

4. During the two years which have elapsed since the publication of the

Second Series, I have not discovered any correction which I have to make upon

the statements of my former papers, excepting as to the measure of the polarizing

power of a pile of plates of rock-salt (Second Series, art. 25), which I find to be

inexact.

^ 1. On the unequally PolarizaUe Nature of different kinds of Heat.

5. It has been my anxious wish to preserve these papers pure from even the

appearance of controversy, and such members of the Society as have paid attention

to the recent history of our present subject must be aware that, without making

direct allusion to the doubts Avhich have at different times been thrown upon my
experiments, I have contented myself with adducing new facts and more convin-

cing reasonings ; and I have had the satisfaction to see that the general result
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of this course has been the gradual abandonment of such doubts, and the entire

adoption of my conclusions.

6. I believe that only a single exception remains to this statement. I expressed

my belief in uryjii^st paper that heat was differently polarizable, according to the

source whence it was derived. M. Melloni* failed to verify this result, and the

opposite conclusion, namely, that all kinds of heat are equally polarized by a given

pile of mica, was prominently put forth by himself and M. Biot as an important

discovery, f Without any undue confidence in my first, confessedly imperfect,

researches, I proceeded in my second paper (art. 22, et seq.) to give what I con-

sidered ample proofs of the correctness of the statement, though the great dissi-

milarity of the numbers arrived at from those of my first paper, shewed that the

latter were worthy of very little confidence on the ground of numerical exactness,

which, indeed, 1 never claimed for them. The later experiments, however, were

made with a view to accurate results, and I stated certain forms of the experiment

which I had devised on purpose to meet the objections of M. Melloni, although I

avoided mentioning his name.

7. It seems, however, that M. Melloni, returning to the subject with his ac-

customed diligence, after receiving my second paper, still confirmed his former

results, and he has attempted to shew, in a very long paper, published in the

Annates de Chimie for May 1887 (which only appeared in October), that his results

must be exact, and the probable source of my errors. I contented myself with

giving a very brief answer to this paper in the Philosophical Magazine for Decem-

ber 1837, admitting the improbability that so experienced an operator as M. Mel-

loni should be wrong in his numerical results, but stating convincing grounds for

believing that his explanation of my conclusion, founded on experimental errors,

was inapplicable. The inquiry which I have since been led to make, and the en-

tirely satisfactory explanation at which T have arrived of a difference so puzzling,

terminating in a confirmation of my original statement, I now proceed to lay be-

fore the Society.

8. I have not the remotest intention of examining and criticising M. Mel-

loni's paper in the Annales de Chimie for May 1837, as respects trifling or per-

sonal matters, which I readily confide to the impartiality of those best qualified to

judge : but it is quite necessary to state the facts which I had observed, and M.

Melloni' s mode of accounting for them.

9. With two polarizing mica bundles of great tenuity, prepared in the method

described, (II. ^ art. 20) marked I and K, I found that, with heat from an Ar-

gand-lamp, 72 to 74 per cent, of the incident rays were polarized, that is,—of 100

* Comptes Rendus de TAcademie des Sciences, ii. 140. f Ibid. p. 194.

X To avoid circumlocution, I shall denote by I. II., &c. the First, Second, &c. Series of Researches,

and by the succeeding Arabic numeral the Article referred to.

VOL. xlv. part I. Z

m
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rays transmitted when the plates were parallel, 72 to 74 were stopped when one

was crossed or its plane of refraction turned through 90°. With heat from boil-

ing water, but 44 per cent, were polarized, and heat from sources of intermediate

intensities gave intermediate results.

10. M. Melloni ingeniously argued that this appearance might arise from the

circumstance that the mica bundles becoming most heated by those kinds of heat

which they absorbed most readily, or transmitted least easily (viz. heat of low

temperature), the pile was continually receiving a supply of heat by secondary ra-

diation from the mica, which, having no relation to the Parallel or Crossed posi-

tions of the plates I and K, of course tended to diminish the apparent polarization

of the heat, or to equalize the effect in the two positions.

ScreeTi/

Pile. Source.

11. The supposed effect of secondary radiation ft'om plates had been so often

urged against my experiments, that, though as often proved to be insignificant or

insensible, it gave me no surprise to see it started afresh, and in so plausible a

manner. M. Melloni was probably not aware that the screen for intercepting the

heat was placed between the source of heat and the polarizing plate K (as shewn in

the figure above), so that the mica plates were only absorbing heat during the ex-

ceedingly short time (10 seconds) of one swing or dynamical mipulse of the needle,

otherwise I do not think he would have urged so infinitesmal an objection.* I

endeavoured, however, to meet it directly in this way. I took two mica bundles.

G and H (see II. 22), and placed them parallel, as shewn in the figure below. But

instead of placing the pile at P, where it receives at once the directly transmitted

heat from S (the screen being removed), and the supposed secondary radiation of

the surface aboi the mica plate, I placed it at^, identically situated with respect to

the surface a b, but wholly removed from the influence of direct radiation from S.

Screen/

V

* I might add, too, that, had he been aware of the extreme tenuity of the mica plates employed (of

which more hereafter), he must have been led as a necessary consequence of his own reasonings to admit

that the effect must be insignificant.

—

Ann. de Chimie, Mai 1837, J9. 13, note.
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When this experiment was performed with dark heat (which, according to Mel-

LONi, ought to give the greatest effect), not the slightest movement of the Galva-

nometer-needle was observable on removing the screen, during a far longer space

of time than is ever in practice allowed for the absorption of heat. This experi-

ment ought to be considered quite conclusive.

12. M. Melloni had hinted that the different dimensions of the Sources of

Heat, and the various angles under which the rays fell on the mica plates must

materially affect the results ; and, as I was quite convinced that operating with

parallel rays was the most correct method, I proceeded to repeat my experiments

on his plan, with a salt lens placed in front of the source of heat so as to render

the rays parallel ; I also removed the polarizing and analyzing plates to a consider-

able distance from the pile, and afterwards varied their distance in order to see

whether any adequate explanation of the discrepancy could thus be obtained.

18. The apparatus was arranged in the following way. P, the pile ; A, a

square pasteboard tube to protect it from currents of air ; I and K, the analyzing and

polarizing plates ; B, a moveable screen ; L, a rock-salt lens, in the focus of Avhich

is placed S, the source of heat. In these experiments the distance from the centre

of the pile to the centre of the first mica plate or P I was 12 inches ; PS= 24

inches. With this apparatus I found my former conclusions fully confirmed.

The apparent polarization was somewhat increased, as I had anticipated from the

rays falling more nearly at a constant angle when previously rendered parallel

;

but the different polarizability of the different kinds of heat was even more dis-

tinctly marked than ever ; whilst the distance of the mica plates from the pile was

now such as to reduce to insignificance any effect of secondary radiation, had such

before been sensible.

14. In prosecuting these experiments, most of which were repeated man}'-

times under various circumstances, I remarked more distinctly than formerly the

influence of particular states of combustion of the source of heat upon the index

of polarization, and the accidental variations to which this gives rise on different

days, and even during the progress of an experiment. Heat from brass about 700°

I have generally found the most uniform on different days, though there occasion-

ally occurs in a series of experiments, considerable deviations from the mean. The

LocateUi Lamp seems subject to greater variations, and the Argand still more ; in-

deed, I have found it so impossible to maintain an Argand-lamp in a uniform

state of combustion, even for a quarter of an hour, that I have lately abandoned the
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use of it. But the quality of the heat from incandescent platinum varies between

the widest limits. Nor is this wonderful ; it is composed of heat from two verj'

different sources combined in uncertain proportions, that from the incandescent

coil of wire, and that from the alcohol flame which heats it. The intensity of in-

candescence, too, varies exceedingly. On one occasion when the incandescence was

unusually bright, and the alcohol flame very low, I obtained a higher degree of

polarization than I have ever done before or since. The ordinary proportion be-

tween the indications with I and K parallel and crossed, is with incandescent pla-

tinum 100 to 26 or 27. In this case it was 100 : 20 ; and when the heat was lifted

by an interposed plate of thin glass, it rose as high as 100 : 13.

15. The general results obtained in the way above described are stated in the

following Table, in which I have included the numbers for mercury heated to

410°, and for boiling water taken from the Second Series, art. 22 ; those experi-

ments not having been repeated because the use of a lens is in those cases of little

avail.

Polarizing Plates I and K.

Source of Heat.

Argand-Lamp,

Locatelli-Lamp,

Incandescent Platinum (usually)

Incandescent Platinum, with Glass

cent, more, or

Alcohol Flame,

Brass heated to about 700°,

Ditto, with a plate of Mica .016 inch

Mercury in a Crucible at 410°,

Boiling Water,

Rays out of 100 polarized.

78

75 to 77

74 to 76

06 inch thick, interposed, 6 to 7 per

thick interposed, (between K and B)

80 to 82

78

66.6

80

48

44

J 6. I next tried whether the closest possible approximation of the mica plate

I to the pile would produce an}^ effect. The pasteboard A was removed, and the

mica plate I was brought up until it touched the funnel-shaped reflector of the

pile. In this extreme case the apparent polarization was found to be diminished

about 2 per cent., whether in the case of incandescent platinum or of dark heat.

I shall not inquire whether any or how much of this effect was due to the heating

of the mica surface, and how much to the reflection of heat from the interior of

the cylindrical tubes containing the mica plates, since it is evident that this could

not have produced the variation of effect shewn in the above experiments.

17. I presume that it wiU be conceded, that the experunents now cited, in-

controvertibly establish the unequal polarizability of heat from different sources.

Yet, I confess, I should have felt uneasy, could I have thrown no light upon the

cause of the discrepancy between M. Melloni's results and my own. This I be-

lieve, that I am able completely and satisfactorily to do, allowing him every cre-

dit for the perfect exactitude of his experiments. For the sake of clearness, I

will state the course by which I myself arrived at this result.
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18. It occurred to me, that it would be satisfactory for the farther and in-

dependent confirmation of the conchisions just given (which were then only par-

tially obtained), to examine the index of polarization (by which I mean the per-

centage of the heat stopped in the crossed position of the polarizing and analyzing

plates) deducible for different sorts of heat, from a series of experiments made

wholly without reference to this question, I mean those on Depolarization, con-

sidered in another section of this paper, and which, it will be seen by a reference

to the mode of reduction there employed, required to be recomputed in order to

give the index of polarization.

19. I at first imagined, that the experiments made with each of the three

kinds of heat then employed (Argand-lamp, incandescent platinum, and dark

hot brass) would give throughout the same result. This was far from being the

case ; the interposition of the depolarizing plate of mica between the polarizing

and analyzing plate, acting simply by transmitting only certain rays of heat, had

modified the index of polarization, and that more or less, as the thickness of the

interposed mica was more or less considerable. Such a result might have been

anticipated, as in exact conformity with the discovery I had formerly made ; but

I was misled by a false notion, which I had heedlessly adopted, and suffered to

remain unquestioned, that, in order to affect the index of polarization, the heat

must have been modified by transmission previous to its falling upon the first or

polarizing plate, whilst, in the experiments referred to, the modification took

place between polarization and analyzation.* Of course, when I perceived this

oversight, the confirmation of my views was greater, because it was unforeseen..

20. But the most material result of the examination of those experiments

was this. By a reference to the section on Depolarization, it will be seen that

five different thicknesses of mica (varying from three to sixteen thousandths of an

inch) were interposed successively, and the index of polarization determined for

each of the three kinds of heat. Now, upon examining the result of these fifteen

experiments, I clearly perceived (amongst occasional irregularities) this law to

prevail,

—

that, whilst a film of mica .003 inch thick scarcely altered the characteristie

properties of heat from different somxes, as shewn hy their variable indices of po-

larization, an increased thickness of mica had almost no sensible effect upon the heat

from the Argand-lamp, but it increased the index of polarization of dark heat so

fast, that, with a thickness of mica of .016 inch interposed, the apparent index of

polarization for heat from the Argand-lamp, incandescent platinum, and dark hot

brass, was almost the same.

* Lest this confusion should, by possibility, occur to any one, as it did to myself, I will observe

that the position of the sifting or modifying plate, absorbing the least refrangible rays, is quite imma-

terial, provided it occur between the source and the indicator of heat, for whether the rays in question

are absorbed before or after polarization, those which ultimately escape and reach the pile are the only

ones of which the index of polarization is measured.
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21. When I had fully seized this conclusion, the explanation of M. Mklloni's

results was easy and complete. It appears from the account of his experiments,

that he still employs piles of mica of the form I at first used, consisting of distinct

laminge separated by a knife, then laid together and united at the edges, up to

the number of 30, 60, and even more.* On the other hand, the piles I and K,

which for two years and a half I have employed, are of a degree of tenuity reaUy

surprising. The mode of their construction I mentioned briefly in my last paper,

art. 20, and it is so very superior to any other, that it is probably from inadver-

tence that it has not been generall}^ employed. The piles laminated by the action

of violent heat, afford a multiplicity of parallel surfaces in a given thickness of

mica, which no mechanical method can approach. The actual thickness of mica

which they contain, I am unable accurately to estimate. The plates marked G
and H are much thicker, perhaps twice as thick as those marked I and K, which

I commonly use ; yet the former, as I roughly estimate by the tint they give in

polarized light, are only about one-thousandth of an inch in thickness. At the

utmost, the plates I and K can be but one fifteen-hundredth of an inch ; and yet it

appears that their polarizing power (depending solely on the number of surfaces

they contain) is equal to M. Melloni's pile of ten distinct plates placed at the same

angle (35° to the incident rays). The mean thickness of the elementary plates

can, therefore, be only one fifteen-thousandth of an inch ; and they reflect abun-

dantly the colours of Newton's rings.

22. Now, I have found by the depolarization experiments, that it requires a

much greater thickness of mica than that traversed by the heat in passing through

the plates I and K (even allowing for the obliquity) to affect materially the index

of polarization of heat from different sources, such as from brass at 700°, and in-

candescent platinum. It is, therefore, a necessary consequence of the construc-

tion, that the heat passes through such pUes as I use unaltered, or nearly unal-

tered, in its character, whilst in passing through bundles of detached plates laid

together, the thickness of mica to be traversed is sufficient to modify the heat by

absorption, in such a way that the difference of quality has vanished, whatever he

the source, in the very act of t7'ansmission. It is hardly likely, considering the size

* Annates de Chimie, Mai 1837. At p. 17, &c., M. Melloni has given a minute account of that

method of constructing the piles, which, " amongst several different ways, he considers the preferable

one." No one could doubt from his language that he is describing a new and improved form of the

apparatus. I regret for a moment to descend to notice an apparent want of justice and courtesy to-

wards myself; but it is impossible for me not to observe, that the procedure he so exactly details, is,

to almost the minutest particular, identical with that which I myself used in June 1835, in constructing,

in M. Melloni's presence, the first pair of piles used for polarizing heat which existed in France, at a

time when M. Melloni expressed his unqualified scepticism as to the polarization of heat generally

;

which piles I left, at his desire, where I presume they now are,—in his own possession. This mode of

construction I soon after abandoned, for the improved one alluded to in the text.
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of M. Melloni's mica plates (4 inclies long and 2 wide), that they could be less than

one fifteen-hundredth of an inch thick each ; a pile of ten would then be ten

times as thick as my pile of equal energy, and at an incidence of 55° the thick-

ness traversed would not be much shorter than that of the mica plate alluded to

in art. 20, which we have there seen to be sufficient to obliterate all distinctive

character as to polarizability between an Argand-lamp and dark heat.

23 Being now fully aware of the importance of the construction of piles of

mica which I had adopted, I thought it worth while to examine the proportions of

heat from different sources, which these very delicate laminae were capable of trans-

mitting, which, I presumed,* would be found far less variable than when plates

of the usual thickness are employed. My expectations were more than realized,

as is seen in the following Table, the second column of which shews the propor-

tion, to the whole incident heat, of that transmitted by the two mica piles I and K
placed parallel to each other ; by far the greater proportion of the loss being that

due to the obliquity of reflection and the number of surfaces,f By way of con-

trast, I have placed in the third column the proportion of the whole incident heat

transmitted at a vertical incidence by a plate of mica .016 inch thick.

Rays out of 100 transmitted by

Source of Heat. Plates 1 and K parallel. Mica Plate .016 inch thick.

Locatelli-lamp, . . . . , . . 18.8 57

Ditto, with plate of glass .06 inch thick interposed, 16.2 72

Incandescent platinum, ..... 17.6 50

Dark hot brass (700°), 15.5 15

Heat from boiling water, ..... 10. 8

24. It is very evident that, for the first four sources of heat at least, the

transmissive power of the plates I and K varied little, and in no sort of propor-

tion to the characteristic action of mica even in moderate thicknesses. This will

be more evident, if we compare the ratios of the heat from different sources

transmitted in the two cases, taking the heat from the lamp sifted by glass as the

standard for each column.
Plates I and K. Mica .016 inch.

Locatelli with glass, 100 100

Locatelli, 116 79

Incandescent platinum, 108 70

Brass at 700°, 96 21

Heat of 212°, 62 11

25. I need hardly add, that so remarkable a result as that the heat sifted by

glass should be less readily transmitted by the thin mica laminae, than the direct

heat from a lamp, was carefully verified.

* I do not state this as a new idea ; it has been repeatedly remarked by M. Melloni, that, in pro-

portion as substances are thinner, they possess a more equable diathermancy for heat of different qualities.

f The part of the effect due to reflection, T had previously established to be nearly the same for

different kinds of heal.
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26. Since, then, the first four kinds of heat are transmitted without any great

difference of proportion, by the piles I and K, and since, especially, the heat from

a lamp sifted by glass and that from dark brass possess almost exactly similar

characters in this respect, it is very clear that we have a new ground for reject-

ing as untenable M. Melloni's supposition (mentioned in art. 10), that the appa-

rent differences of polarization in my experiments, arose from the unequal pro-

portions of heat absorbed by the mica piles when the source varied.

27. Admitting, then, the fact of the variable index of polarization exhibited

by heat of different qualities similarly treated, we are tempted to inquire what

explanation can be offered of it. This question, inferring for its answer a know-

ledge of the nature of heat, we are not prepared to answer with confidence. My
former suspicion of its being due solely to the difference of the refractive index

of mica for heat of different kinds (II. 24), I am disposed to retract as inadequate,

or at least to suspend my judgment respecting it. I at one time thought, that,

supposing the mica bundles unequally permeable to heat from different sources,

a difference of ratio in the total heat reaching the pile with the plates I and K
parallel and c7'ossed might be accounted for. But a careful analysis of the cir-

cumstances convinced me, that the absorptive action, if assumed the same for

common and polarized heat, could produce no such effect. One of the most

plausible suppositions which occurred to me was this,—that, supposing the re-

flection of luminous heat to take place more copiously at the mica surface than

that of dark heat, and supposing the angle of incidence to be that of total polariza-

tion, since the refracted ray contains as much heat (if heat be like light) polarized

perpendicular to the plane of incidence, as is reflected and polarized in the plane

of incidence, the ratio of the polarized to the total heat transmitted would be

greatest in the heat of highest temperature. Unfortunately for this theory, care-

ful experiments assured me that heat from different sources underwent the same,

or nearly the same, intensity of reflection under the same circumstances.

28. We are, therefore, led to regard this character of unequal polarizability,

as probably indicating a difference of character of a fundamental kind between

heat and light ; at least a superadded quality or peculiarity of vibration, which

becomes more and more sensible as heat is removed in its character from light,

or has (as we shall hereafter see), generally speaking, a lower degree of refrangi-

bility. A sensible undulation, normal to the surface of the wave, would of course

satisfy this condition. I am far from saying that my experiments warrant such

a conclusion. I am aware that it is inconsistent with the ideas entertained by

some ingenious speculators upon the nature of heat;* but this very circumstance

has led me to bestow the greater pains upon establishing the phenomenon in an

incontrovertible manner.

* Kellanp on Heat, Art. 166.
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§ 2. On the Depolarization of Heat.

29. In the first series of these researches, ^ 4, I entered pretty fuEy into the

subject of depolarization. The establishment of the fact was of the highest im-

portance, since there is httle probability of proving in any more direct manner

the doubly refi-active energy of crystals with respect to heat. But, besides the

demonstration of the fact, I pointed out in that paper the important numerical

determinations to which it might lead ; determinations of the first consequence to

the theory of heat, and the discrimination of heat from light. The measure of

depolarization in the case of light, or the quantity of light which has become po-

larized in a new plane by passing through a doubly refracting plate, such as mi-

ca, depends, 1. upon the length of a wave of light ; and, 2. upon the retardation

which one of the doubly refracted pencils of light suffers, upon the other, in pass-

ing through the mica, which retardation differs with the material of the plate,

varies directly as its thickness, and mai/ also vary with the quality of the inci-

dent ray.

30. Hence, as a little reflection clearl}' shews, if the quantity of light (or, by

analogy, of heat) depolarized by a plate of given thickness be numerically esti-

mated, we may, if the length of the wave be given, determine the retardation, or

energy of double refraction ; or, if the latter be assumed or known, we may find

the length of a wave. Considering the latter element as the more important, and

not being then in possession of any more direct mode of determining it numeri-

cally, I proposed to assume the retardation due to double refraction as the same

for heat as in the case of light, (considering heat as but less refi'angible light),

and to determine the length of a wave in the way which I fully explained in the

First Series, art. 68-75.

31. Two circumstances require notice by way of precaution. The first is,

that, for the very reason that we have periodical colours in the case of light, there

are (liferent thicknesses of mica and different measures of retardation, which, for

the same length of a wave, will give the same measure of depolarization ; these

dubious cases (which the formula of depolarization completely expresses) must

be distinguished. The second remark is, that all our sources of heat furnishing

heterogeneous rays, each has its own period of maximum and minimum inten-

sity, just as in the case of solar light, and since our means of numerical estima-

tion embraces the sum of all the effects of heterogeneous rays, we cannot ex-

pect results which shall rigorously satisfy a formula, in which homogeneity (or

constancy of x, the length of a wave), is assumed, but consider the approxi-

mate result as representing the mean or predominating character of the heat

employed.

VOL. XIV. PART I. A a
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32. Recalling, then, Fresnel's formula, quoted in art. 70 of the First Series,

we have
E2 „ f O

p2 = sin2 180°{-}
where F^ is the intensity of the whole incident polarized ray ; E^ the intensity of

that portion which, after transmission through the depolarizing plate, is capable

of being analyzed in a perpendicular plane. These two quantities being deter-

mined from observation, the fii'st side of this equation, or their ratio, becomes

known. On the second side we have two quantities, either of which may be as-

sumed, and the other becomes known, viz. o—e the retardation of the one doubly

refracted ray upon the other within the crystal, and x the length of a wave. Now,

it is obvious from the form of the expression, that an infinite number of values of

^^^ will satisfy the equation ; in light there can be little ambiguity arising from

this cause, because the phenomena of periodic colours at once afford the means of

selecting the true solution. In the case of heat, we must proceed with more cau-

tion, the value of —^ being wholly unknown ; we only assume (as we are en-

titled to do) that this quantit}^ increases uniformly with the thickness of the

plate, which it necessarily must, since the retardation is as the thickness, and x is

independent of it. By a very simple process, the true value was easily selected.

33. Five depolarizing mica plates, of different thicknesses, of exactly the

same quality, and each as uniform as possible, were provided. They w^re cut to

the same size, and of such a form that each could at once be placed with its neu-

tral axis (a line in the plane passing through the two axes of double refraction)

vertical, or inclined 45° at pleasure. Their thickness was next to be determined.

The examination of the colours shewn by polarized light was the most obvious

method, but not susceptible of the exactness which was required. It was, how-

ever, used as a check. These colours were

:

Retardation in Millionlhs

of an inch.*

No. 1. White inclining to yellow, 12

No. 2. Rich blue, 28

No. 3. A blue purple, -18

No. 4. Between red and orange, 36

No. 6. Pink, 80

34. The relative thicknesses which these numbers afford, are tolerably veri-

fied (excepting the first) by the following results of actual measurement, by means

* These numbers are obtained by doubling those due to the corresponding tints of thin plates of

air in Newton's Table. In the case of the two last numbers, there might have been some doubt as to

the order of colours to which they belonged, but this was removed by the measurements given farther

on, which shewed that the pink of No. h. is a colour of the fourth order.
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of a pair of callipers constructed for such purposes by Tboughton. These results

are the mean of ten measures each, which were rendered difficult by the elastic

and fissile nature of the substance.

Thickuess in paitt

of an inch.

No. 1 . .0026

No. 2 • 0044

No. 3. . . 0074

No. 4 0060

No. 6 0167

35. With these mica plates in succession, employed for depolarizing, I pro-

ceeded to determine the ratio jp (art. 32) for the most part exactly in the way

described and illustrated by an example in art. 71, First Series, which I found

preferable to any other. This laborious investigation I performed for heat from

three sources ; (1), an Argand-lamp with glass chimney
; (2), incandescent plati-

num ; and, (3), brass heated (not to visible redness) by an alcohol flame. The

thickness of the plates No. 3. and No. 4. being very nearly the same (and giving,

as they ought to do, almost exactly the same measure of depolarization), I pre-

feri'ed using the united thickness of Nos. 2. and 3. as an interpolation between

Nos. 3. and 5. The swings of the needle, or dynamical effects, (XL 8) were always

observed, and are alone given. The polarizing and analyzing plates were the

same, marked I and K, before fully described (11. 20), and a plate is said to be at

0° or at 90° as its plane of refraction is vertical or horizontal. With these expla-

nations, and a reference to art. 71, First Series, the following specimens of obser-

vations will, it is hoped, be intelligible.

Argand-Lamp : 16 inches from centre of Pile, depolarizing Mica Plate No. 3.

Position of Pola-
rizing Plate K (I

being always at 0°).

Position of 1 Galvanometer.
Neutral Sec- 1 Dynamical
tionofMica.

|

Effect.

Total Po-
larization

Depolariza-
tion

AtO°

At 90°

AtO°
o

11.9 ^
3.45<^

8.8 /

6.75\

12.1 /
3.76>

8.8 /
6.7 .

12.06^

3.7 /

Means

8'.45

+ 5.35

— 5.35

+ 6.05

' —5.36

At 45°

AtO°

At 0°
8.35

At 90°

At 46°

AtO°

AtO°
8.36

At 90°

8.38 5.27
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36. The following experiment was made with heat wholly unaccompanied

by light, and with the same mica plate.

Dark Hot Brass : 14 inches from Pile, depolarizing Mica No. 3.

Position of Pola-
rizing Plate K (I

being always atC'').

AtO°

At 90°

AtO"

At 90°

AtO°

At 90°

AtO°

At 90°

Position of
Neutral Sec-
tion of Mica.

AtO°

At 45°

Galvanometer.
Dynamical

Effect.

AtO°

At 45°

AtO°

At 45°

AtO°

Mean

Total Po-
larization

[3.25]*

4.0

3.95

4.0

3.98

Depolariza-
tion

+ 3.75

— 3.8

+ 3.8

3.3

+ 3.7

— 3.6

3.64

37. It now remains to explain how these observations have been discussed.

The ratio ^ is at once obtained by dividing the second mean result by the first,

and I have purposely quoted these observations, to shew how very nearly the

plane of polarization was thrown at right angles by the action of this particular

thickness of mica, especially in the case of dark heat, which appears to be owing

to its greater homogeneity, as we shall presently have reason to infer.

38. We have seen above (ai't. 32) that

r- = sin^ 180
F2

, 1^1
And therefore.

£2
• -1 /E'

N'F2

180'=

Since the radical has an ambiguous sign, the equation will be satisfied by a

value of —^ equal to a fractional munber a, or by 1 — a, or 1 -|- a, or 2— a, or

* Omitted in the mean as manifestly too small, arising from the lamp being just lighted, and the

brass not fully heated.
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2 + «, or 3 — a, kc. In the case of the two examples given above, we have for

the Argand

5i=^:?I=.629; /1= ±.793
F2 8.38 \l F2

And ^^^^= .29 or .71 or 1.29 or 1.71, &c.
A

For the dark heat, f^= |^ = -915; JfJ = ± -957

And
o—e_

^j ^j. ^g or 1.41 or 1.59^ &c.

X

The true value must be such, that, when a number of plates are employed, ^^^

must mcrease uniformly/ with the thickness of the plates.

39. Clearly to mark this, and at the same time to combine the results by gra-

phical interpolation, I projected the numbers obtained as above in the way shewn

in Plate XL Figs. 1, 2, and 3. On a horizontal line spaces representing the thick-

ness of the plates (art. 34) were set off as abscissae, and a few of the ambiguous

values of ^^^^ as ordinates, which are marked by dots. It was then easy to se-
A

lect those points thus set off, through which a straight line could most nearly be

drawn, representing the linear relation between the thickness of the plate and

the quantity ,
(both vanishing when the thickness = 0), and inspection of the

figures will shew that no doubt can attach to the choice of the ambiguous num-

bers, and also that the straight Une represents in general remarkably closely the

course of those points.

40. Tliere is one exception to this statement, and it is an important one. It

wiU be observed that in all the three figures the interpolating line, instead ofpass-

ing through any of the dots set off for the mica plate No. 3, bisects exactly two

dots, which are nearest to one another in the case of dark heat,—wider apart

with incandescent platinum, and widest of all in the case of the Argand-lamp.

The explanation is complete and satisfactory. The interpolating line in all these

cases gives a value of -^ = h which gives a value of ^^ = 1 ; in other words, in-

fers a total polarization of the heat in the horizontal plane (or in the case of light

total darkness, when the polai'izing and analyzing plates are parallel) which we
know can only occur when the heat is absolutely homogeneous. The want of ma-

thematical coincidence in this case infers the admitted physical condition of want

of homogeneity in the incident rays. Hence, we infer that dark heat is most ho-

mogeneous ; next, that from incandescent platinum ; and, least of all, that from

the Argand.
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41. The numbers from whicli these projections are derived are contained in

the following Table.*

Source of Heat. Depolarizing Plate. Values of" '

0,

Argand-Lamp, . . . No. 1.

repeated.
.18, .82, 1.18, &c.

No. 2. li=-^^ .30, .70, 1.30, &c.

No. 3. ^f„ = .629
8.38

.29, .71, 1.29, &c.

No. 2. + No. 3. !! = «'« .21, .79, 1.21, &c.

No. 6. m =
•^^"l

It = -298)
4.83

.185, 815, 1.186, &c.

repeated.

Incandescent Platinum, No. 1. 11-:= ^«* .17, .83, 1.17, &c.

repeated. ;^=-^» .166, .835, 1.166, &c.

No. 2. ?A; = .e3s .30, .70, 1.30, &c.

No. 3. S=-'« .335, .665, 1.336, &c.

No. 4.
III = -W^ .35, .65, 1.35, &c.

No. 2. + No. 3. iS = -=- .19, .81, 1.19, &c.

No. 6. ^ = -^'^ .16, .85, 1.15, &c.

Dark Hot Brass, No. 1. ;iS=-* .17, .83, 1.17, &c.

No. 2. iii=-7^ .34, .66, 1.34, &c.

No. 3.

3.64

3.98 = •»!« .41, .69, 1.41, &c.

No. 2. + No. 3. IS=-- .186, .816, 1.186, &c.

No. 6. i:--^ .116, .885, 1.116, &c.

42. When we examine the projected interpolating lines of Plate XI, which an

attentive inspection wiU shew to have been laid down Avith the greatest care,f we

are struck by the remarkable coincidence which obtains between them ; a result so

far contrary to what I expected, that it shews that by this method we cannot hope

* Most of the experiments on incandescent platinum were made early in 1837, the remainder during

the winter 1837-8.

I The interpolating line for Incandescent Platinum is in the engraving placed at rather too high

an angle.
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to discriminate the different lengths of waves of these kinds of heat, as I had for-

merly supposed, and shews that the variation of x must be very small, or else

(what is improbable) that it is constantly proportional to the variation of the re-

tardation — e.

43. A^Uthe three figures give as nearly as possible a value of 1.4 for —^ at a

thickness of depolarizing mica, equal to .020 inch, or .07 for a thickness of .001

inch. Let us compare this with the case of light. The sum of the retardations

for the various mica plates, as given in art. 33, amounts to .000199 inch ; the

sum of the thicknesses in the next article is .0361 inch, consequently the mean

value of the retardation or o— e is .0000055 for a thickness of mica of one-thou-

sandth of an inch. But the length of x for extreme red is .0000266, for extreme

violet, .0000167 inch. Hence for a plate of mica .001 inch thick the values of

o—e
are

55
For extreme Red light, . . . -^gg- = -'^o?

For extreme Violet light, . . . -^ = .329°
167

For Heat, . . • .... = .07

44. If we assume the retardation, or o— e, to be the same for all lengths of

waves, and for heat as for light, we immediately deduce the value of x, or the

length of a wave of heat. For since for a plate .001 inch thick, —^ = .07, as above,

o— e = .0000055, we have

.07

about three times as long as a wave of red light, and four and a half times that

of violet. But it is always to be remembered, that this proceeds on the supposi-

tion of the retardation being invariable.

45. I have taken the trouble to calculate and project in a similar manner

my original observations on Depolarization given in the First Series of these re-

searches, art. 74, in order that, though probably less accurate, they might form

a check upon the results just given. The plates then employed, and marked

No. 1 and No. 2, (which are not to be confounded with those so designated in

this paper) had thicknesses (deduced from the retardations) of .0072 and .0036

inch. I have the gratification to find that the computed results agree almost pre-

cisely with those just obtained, although from the accidental thicknesses of the

two plates employed the observations with these alone do not enable us to select

the appropriate value of , there being at least two values which still remain

ambiguous, but when taken in conjunction with the observations of art. 41, the

ambiguity is at once removed, and the numerical value of x comes out almost ex-
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actly as stated above, for incandescent platinum and darl^: heat, and somewhat

smaller for that of the Argand-lamp.

46. I desire it to be recollected, that, in speaking of these somewhat starthng

lengths of waves of heat, I am using the language of only one of the two hypothe-

ses which serve to interpret the results of this section ; for, if the variation be in

— e, or the difference of the velocities of the doubly reflected rays in mica, the

result would be the same. The experiments in a subsequent part of this paper

may serve to guide us in our choice. Meanwhile, I would observe, that, supposing

the above results to be explained on the supposition that o— e is smaller, instead

of >. greater for heat than for light, it is equivalent to supposing the doubly refract-

ing energy weaker, or a greater thickness of a crystal required to produce a given

effect. Our suggestion respecting the existence of sensible vibrations normal to

the wave surface (art. 28) will not avail us here. For, by the mode of reducing

the experiments on Depolarization, the unpolarized part of the heat does not

enter into consideration at all ;
* consequently those parts of the total eifect which

are due to transverse vibrations alone, are not modified by double refraction as so

much light would be.

^3. On the Refrangibility of Heat

47. Since the admirable discovery by M. Melloni of the power of rock-salt to

transmit and refract heat of every kind, one of the most obvious and important

questions (fonnerly intractable) of which it seemed to offer the means of solution,

was the accurate determination of the refrangibility of heat fi'om various sources,

luminous or non-luminous. Such a determination is of the first consequence to

the formation of a just theory of heat, and a detection of the subtle bond by

which it is connected with the comparatively familiar modifications of light.

48. Such experiments have not been awanting. M. Melloni, in his Second

Memoir on Radiant Heat, in the Annales de Chimie for April 1834, has described

the apparatus which he employed, and which is figured in Plate III. of that vo-

lume. It consists of a thermo-electric pile, constructed of a single vertical row

of elements, so as to be exposed to a very narrow beam of heat. It was made to

move on a sector of a circle, at whose centre was placed a prism, by which the

beam of heat was refracted from its primitive direction a h into that c d, (see

next page), and therefore produced a maximum effect on the galvanometer when

* I do Dot mean to offer any opinion on the nature of light in a partially polarized ray generally

;

but, as in the present case, the angle of incidence is that of complete polarization nearly, I presume that

the transmitted ray is undoubtedly composed partly of light polarized perpendicularly to the plane of in-

cidence, and partly of common light.
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the pile was at d. The other parts maintaining the same positions, it is evident

that the pile must be moved into the position cV, if the source of heat be now one

yielding rays of greater refrangibility. Although the radius of the circular arc

was (if I understand the account rightly) eleven inches, but little deviation of

position was required for heat from different sources ; and M. Melloni admits

that, whilst his experiment indicates the difference of refrangibility, it is inade-

quate to measure it.

49. There are many reasons why such a form of apparatus must be rejected

for accurate observations. I mil mention only the impossibility of obtaining a

beam of heat which shall preserve the same breadth at different distances from

its source (of course supposing the rays rendered as parallel as possible by re-

traction through a rock-salt lens), arising, 1. from the angular magnitude of the

source ; 2. from the scattered reflection and refraction at the surfaces of the lens

and prism ; 3. from the want of homogeneity of the ray. On all these accounts,

the beam must have acquired a very sensible breadth at the distance of the pile,

and consequently the effect of heat must be perceptible, and even nearly uni-

form, through a certain space. I may also add from experience, that the diffi-

culty of varying the arrangement of an experiment, so as to get a maximum heat-

ing effect at the pile, is so considerable, that no delicate result can be deduced

from the merely tentative procedure. Finally, the smallness of the variation of

refrangibility, seems to require some more critical method of ascertaining its mea-

sure. On all these grounds, it seemed to me desirable to discover a method in

some degree less open to objection.

50. The phenomenon of total reflection, successfully employed by Dr Wol-

LASTON in the measurement of refractive indices in the case of light,* presents the

advantage of being (theoretically at least) abrupt in its action, the transition from

partial to total reflection being (with the necessary exception arising from the

want of homogeneity) an instantaneous change, amounting in the case of light to

many times the intensity of the smaller effect. It seemed reasonable to expect,

that an apparatus constructed on the principle of determining the critical angle

* Phil Trans. 1802.

VOL. XIV. PART I. B b
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of total reflection of heat from difl'erent sources within a prism, would afford much
more definite information as to the refrangibility of heat than any other method.

After much consideration, an apparatus of the following kind was adopted.

51. It is fundamentally composed of a jointed frame, resembling a box ex-

actly square, ten inches in the side, without top or bottom, and having hinges at

every angle, so that it may be formed into a lozenge of any degree of obliquity.

This is seen in Plate XIII, Fig. 1, and marked AB. By an arrangement present-

ly to be described, the rays of heat are made to pass parallel to the edge a c of

one of the sides of the box, and to faU upon the prism P, whence, after under-

going reflection (total or partial) at the posterior surface of the prism, they pro-

ceed parallel to the line a d, and fall upon the sentient extremity of the pile at p.

Now, in order that this course may be taken by the reflected rays, it is necessary

that, supposing the prism to be an isosceles one, the posterior reflecting surface

a' V Fig. 2, should form equal angles with the incident and reflected rays c e and

fd. It was to effect this that the arrangement of the jointed lozenge was adopt-

ed. The prism P (Fig. 1) rests on a column 0, moveable round the line ofjunc-

tion of the sides C and D of the lozenge. The column has connected with it a

tail-piece of brass a E passing through the diagonal of the frame, and preserved

constantly in that position by a slit parallel to its length, through which passes a

clamping screw h, serving at once to maintain this constancy of direction, to se-

cure the form of the moveable lozenge, and by means of an index pointing to a

graduated scale of inches reckoned from a, along a E, to determine the length of

the diagonal a 5 at any moment, and consequently the angles of the lozenge.

52. A little consideration of this mechanical an-angement, will shew how it

is adapted to the end in view. The rays from a source of heat S, rendered pa-

rallel by the lens of rock-salt L, fall upon the prism P, and, after undergoing two

refractions and one reflection, they fall upon the sentient surface of the pile p.

This will always take place so long as the posterior surface of the prism forms

equal angles with the lines a c, a d, which will be secured by making it truly per-

pendicular to the tail-piece a E, by which it is guided, and which of com-se always

bisects the angle cad. Now, it is evident that, whilst the angle cad remains

small, the reflection wiU continue partial, but that as the diagonal a h is shortened,

a point win be reached when total reflection abruptly commences, which ought

to be indicated by a saltus in the movement of the galvanometer connected with

the pile. This critical angle will be soonest attained for rays of greatest refran-

gibility, and the calculation of the refractive index of the prism is reduced to a

simply mathematical problem.

53. Before going farther, we shall proceed to solve this problem, viz. : A ray oj

light GD (fig. next i^age) falls upon the surface AC of a prism, which has the angles

at A and B equal ; itfalls wpon the surface AB at the critical angle of total reflection ;

required the index of refraction (/*) of the prism the angle of incidence («) being given.



THIRD SERIES.—REFRANGIBILITY OF HEAT. 195

.M

What is true of one ray GD, which after refraction meets the posterior surface at

K, its middle point, will be true of any other parallel to it ; also the incident and

emergent rays DG, EH, form equal angles

with the surface AB when the angles A and

B are equal. By h3^othesis DKC = the angle

of total internal reflection = sin~^-=/3.

Let KD^, the angle of refraction, = s, then

sin a = /* sin ^. Also, considering « positive

when G falls between L and C, and the cor-

responding value of g also +, we have in the

triangle KDC
180° = y3 + ACK + (90° + g)

And, calling the angle at C, I, ACK = ^I,

90° = /3 + |I + g.

But sin « = (It sin g = (tt sin (90°— (^ + il))

=
i^

cos (/3 + |I)

= («* {cos /3 COS |I

(Also since sin /3 = i,)

Whence

sin ^ sin ^1}

sin "^fi cos |I— sin /3 sin |I}

= /^] \/l_^cos|I sin|ll

= Vjtt^— 1 cos ^I— sin |I

=yi+( sin oi -\- sin ^I

cos 1

1

y
54. I had a rock-salt prism constructed, so that the incidence on the first

surface might be nearly vertical at the critical angle of total reflection, so as to

avoid as much as possible any error arising from imperfections of the surface, or

want of absolute equality of the angles at A and B ; and likewise, that within the

limits of the experiment, the loss of heat by reflection at the two surfaces might

be nearly unaltered, as it is believed to be almost constant at incidences tolerabl}^

nearly perpendicular.* This prism, constructed for me by Mr John Adie, had

two angles of 40° and one of 100° ; and so accurately was it made, that (satisfy-

ing myself with a careful measurement by the common goniometer, extreme

nicety being unimportant) the angles appeared to be true to those quantities

within a few minutes of a degree.

55. By a reference to Plate XIII, Fig, 1, it will now be understood that the

required arrangement is of this kind. The heat diverging from the source S, is

converted into an approximately parallel beam by the lens L. It then passes

* See Melloni on the Reflection of Heat, Annates de Chimie, Dec. 1835.
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through a diaphragm T, placed on one or other side of the prism (it does not

much matter which, as the beam which arrives at the pile is always much wider

than the second diaphragm t, placed there to admit only the central rays arriving

parallel to the line ac). The use of this diaphragm is, that a narrow enough

pencil of rays may be employed, to be independent of the variable breadth under

which the surface of the prism is presented to the incident beam. The usual di-

mension of this diaphragm was one inch in breadth, and one and a quarter in

height, but in some instances its breadth was reduced to three-eighths of an inch.

56. The pile j) has its funnel-shaped orifice closed by a screen with a vertical

slit, an inch wide, in the direction of its axis. But there is a peculiarity in the

arrangement of the pile very essential to the success of these experiments, where

the pile itself is moveable, which I must not omit to mention. Its exposure to

currents of air would render the observations, when the pUe cannot be entirely

enclosed by a box or screen, very capricious in its action. I therefore adapted to

the end, bearing the conical reflector (II. 6), an adjustable wooden tube ?', con-

taining a rock-salt lens, which stiU farther increased its sensibility, and totally

protected it from aerial currents.

57. The more important adjustments of the apparatus previous to use, are

these : 1. To place the surface a'V of the prism (Fig. 2) so as to form equal angles

with the sides of the lozenge Ky, K^, the point K being precisely above the angle

of the lozenge frame. To accomplish this, the prism rests upon a brass plate,

haAdng an adjusting motion concentric with that of the piUar (Fig. 1), on which

it rests. The adjustment was made by placing a piece of truly parallel mirror-

glass in the position of the posterior surface of the prism, suspending two plumb

lines in the prolongation of the lines ae, ad, and observing by the eye placed at

c whether the reflection of the other was seen in the direction ac, and adjusting

the brass plate before mentioned, bearing the mirror, until such was the case,

then making it fast by a clamping screw. 2. The next adjustment was to bring

the centre of the lens L into the line ac, which was done by placing a small flame

of a lamp in the position of the axis of the pUe p, and regulating the position of

the lens until the image of it feU exactly upon the prolongation of the Une ac,

the prism being so placed that the angles of incidence were almost perpendicular

;

(reflection at a mirror would have been preferable). 3. The adjustment of the

source of heat behind the lens is the next point. When the source is luminous,

it is done by causing the axis of the refracted cylinder of light to coincide with

the line ac ; when not luminous, its breadth being usually considerable, it is found

that a small displacement in one direction or another, makes but a small differ-

ence in the effect upon the pile.

58. The abruptness of the effect of transition fi'om partial to total reflection

is far from being so complete as might be wished ; and this is easier accounted for

than remedied. It arises mainly from the magnitude of the source of heat, the
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consequent want of parallelism of the refi-acted rays, the scattering of these rays

in consequence of the imperfect polish of the surfaces, the unequal intensity of

the rays in different parts of the section of the cylinder, and lastly, from the

want of homogeneity of the rays of heat from any source, which the method would

serve to measure, were the other imperfections removed, just as in the com'se of

the total reflection of light, prismatic colours are successively presented.

59. My first rude attempts shewed all this very clearly. As the diagonal

abof the lozenge (Fig. 1) shortened, total reflection obviously succeeded to par-

tial, and the change was not only very great, but near one point very rapid.

The point where the most rapid increase took place, is obviously that where the

greater proportion of the incident rays underwent total reflection, and might

therefore be taken as a mean representation of the quality of the heat. Still the

change was too gradual to enable one by mere inspection to determine this point

with accuracy, and I speedily resolved to take the sure but laborious method of

ascertaining at a number of points intermediate between total and partial reflec-

tion the intensities of the reflected heat, and by constructing a cm*ve having mea-

sures of the diagonal of the lozenge (a function of the angle of incidence) for

abscissae, and intensities for ordinates, I endeavoured to discover graphically for

what value of the former the measure of the latter increased most rapidly, in other

words, where the tangent made the greatest angle with the axis, or where was the

point of contrary flexure of the curve.

60. Plate XIII, Fig. 3, may represent such a curve. I have found that when

the diagonal of the lozenge was 14.5 inches, the reflection was in all cases nearly

total, or the galvanometer was little affected by any increase of the angle of inci-

dence. This effect, measured by the vertical line AB, was denoted by 100.

When the diagonal was increased to 15.0, the effect was reduced, we shall suppose,

to 90, expounded by the line CD, at 15.5 by EF, and so forth. An interpolating

curve drawn tln*ough the points so fixed, would have its greatest inclination to

the axis AX, when, for a given variation of the diagonal, the decrement of the

intensity was a maximum, in other words, at the determining angle for the predo-

minating part of the heat used. Such a point of contrary flexure would there-

fore determine the mean index of refraction of the given kind of heat by the aid

of the formula above investigated, whilst the form of the curve would lead to some

conjecture at least, respecting the distribution of heat of the more or less refran-

gible kinds in the given ray. Heat of low refrangibility being the last to be to-

tally reflected, would cause the curve to droop fastest near the extremity B, the

more refrangible rays would be cut off at the other end I of the curve.

61. I lost no time in verifying the general truth of the principle, and also of

the received doctrines respecting heat, by examining the quality of the heat which

reached the pile at different stages of total reflection. If, as M. Melloni first

rendered probable, heat of low temperature is least refrangible, and vice versa

;

I
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and farther, if it be admitted that such heat passes most difficultly through such

substances as glass, it follows, that after total reflection has proceeded a certain

way, so that the more refrangible, and therefore more transmissible, rays have

suffered total reflection, whilst the remaining rays constituting the primitive beam

continue to be refracted, the heat thus reflected will be more copiously transmit-

ted by glass, than when it came direct from the source. This conjecture was

precisely verified.

62. Subsequent experiment stiU more fully confirmed this result, and by

shewing that, during the whole progress from partial to total reflection, the specific

quality of the heat changes, gave countenance to the view that the gradation is

in a great measm-e owing to the want of homogeneity of the heat, and that the

figure of the curve becomes (as we have said) a real test of the composition of a

ray.

63. At the inferior limit of the curve, or when partial reflection takes place,

all kinds of heat are equally reflected (in the case of light, the light is white), just

as at the superior limit, or after total reflection is complete, the beam has exactly

the same relative composition as before. In the intennediate stages the compo-

sition is perpetually var3dng. The first rays totally reflected (and combining with

the scattered and partially reflected rays) are the more refrangible, or those more

easily transmitted by glass. At a certain point a maximum proportion of these

enter into the reflected beam. As the angle of incidence becomes greater, more

and more of the less refrangible rays enter into the composition of the reflected

heat, which at last possesses the same qualities as at first. This is weU illustra-

ted by the following early experiment which I made on the proportion of the re-

flected rays transmitted by a plate of glass .06 inch thick, at different stages of

reflection (7th February 1838).

Diagonal ab,
Fig. 1, in
Inches.

Deviations of Galvanometer.
Ratio. REMARKS.

Glass. No Glass.

14.5

15.0

16.26

15.5

15.75

16.0

16.5

o

8.3

7.85

7.1

5.5

3.4

2.3

1.45

13.75

12.65

10.9

7.85

5.1

3.75

2.3

60 : 100
62 : 100
65 : 100

70 : 100
67 : 100
61 : 100
63 : 100

Total reflection complete.

Partial reflection.

64. The experiments of which I am now to state briefly the results, were

made with heat from various sources, and modified by transmission through

different media. Considering them of great importance, I have spared no pains

in verifying the results, and ascertaining the limits of error. My latest experi-

ments, in which I availed myself of the experience which earlier ones had afford-

ed, are of com-se most to be depended upon, and to them I shall chiefly refer
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(made between the 21st March and the present date) ; but it is important for the

credit of the results to observe, that they not only derive a general confirmation,

but exhibit an almost exact numerical coincidence with those obtained formerly,

and with less careful adjustments.

65. Avoiding, then (as in these papers I have habitually done), the tedious

detail of minute precautions which the experienced operator will soon discover,

and which to others would be of little use, it is to be understood that in the fol-

lowing experiments on the law of the Transition from Partial to Total Reflection,

the arrangement was that shewn in Plate XIII. Fig. 1, and described (with the

adjustments) in arts. 51-57 ;—that the centre of the pile p was 13 inches from

the prism P, and the distance of the som*ce of heat S from P was 12 inches ;

—

that a diaphragm T, whose aperture was 1 inch by li, was placed in the path of

the ray usually between P and L near P ;—that the aperture of the pile was con-

tracted to a breadth of one inch, whose centre was exactly in the line«^;

—

and that only that part of the prism was employed which was free from flaws

capable of producing total reflection.

QQ. The diagonal of the lozenge frame was varied from 14.5 inches up to

16.5 or 17.0, about eight observations of the intensity of reflected light being

made at intervals. The series was then frequently reversed, and the mean re-

sults of the going and returning series taken to allow for any change which might

have occurred in the intensity of the course. In all cases an observation of veri-

fication was made and such change allowed for. The dynamical effect on the

galvanometer (II. 8) was observed and noted.

67. In reducing the observations the following plan was adopted. The in-

tensity corresponding to the diagonal 14.5 inches being assumed r: 100, the other

intensities were reduced relatively to it, and projected, as explained in art. 60. By
this means different series of observations became at once comparable with each

other, and the beauty and regularity of the curves thus formed, and the almost

perfect identity of those obtained on different days, and with different adjustments,

give a degree of confidence in the results which is extremely satisfactory. When
from the nature of the heat the effect was very small (as in the case of alum being

interposed, or the source being of low temperature), I have endeavoured to supply

the deficiency by multiplying observations, and the uniformity of the curves thus

obtained has been the test of my success. Where this test has failed (as in the

attempt to work with heat of 212°), I have suppressed the results.

68. I am unwilling to swell this paper by a quotation of individual experi-

ments, of which the number is very great,* but I think it fair to give specimens

of the actual work in a few cases.

* It may not be superfluous to slate, that during the course of the experiments referred to in this

series of papers, I have adopted a uniform and clear system of recording my experiments, which admits

of subsequent reference, and, if necessary, of publication. The experiments have been fairly written out,
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Dark Hot Brass. March 31. 1838.

Measure of
Diagonal a b,

Plate xiii. Fig. 1,

in Inches.

Galvanometer-Needle

Excess.

Ratio to Result
with Diagonal
= 14.5.

Stands at Swings to

14.5

15.0

15.25

15.5

16.75

16.0

16.25

16.6

A0.°1

0.0

0.15

0.15

0.3

0.25

0.15

0.2

0.15

All!o
9.3

8.0

6.2

6.3

4.6

3.15

2.25

1.9

10'.9

9.3

7.85

6.051

6.0 )

4.36

3,0

2.05

1.75

100 : 100
85 : 100
72 : 100

56 : 100

40 : 100
28 : 100
19 : 100
16: 100

14.6 0.05 10.8 10.75

Incandescent Platinum. February 10. 1838.

Measure of
Diagonal a b.

Platexiii. Fig. 1,

in Inches.

Galvanometer-Needle

Excess.

Ratio to Result
with Diagonal
= 14.5.

Stands at Swings to

14.0

14.5

15.0

15.26

15.5

15.75

16.0

16.26

16.5

16.75

B 0.°26

A 0.05

B0.15
0.0

0.1

0.1

0.1

0.0

0.15

0.0

A 15!25

15.6

13.66

11.76

8.8

6.1

4.05

3.3

2.5

2.25

15°.6

16.46

13.8

11.75

8.9

6.2

4.15

3.3

2.66

2.25

100 : 100
100 : 100
89 : 100

75 : 100
68 : 100
40 : 100
27 . 100
21 : 100

17 : 100
15 : 100

14.0 0.9

1.25

1.7

14.4

13.76

13.75

15.3

15.0

15.45

Heat from Locatelli Lamp sifted by a plate of Alum. March 31. 1838.

Diagonal.

Dynamical Effects.

Mean Effect. Ratio to 14.5.

Direct Series. Reversed Series.

14.5

15.0

15.26

16.5

15.75

16.0

16.25

16.5

17.0

3°.l

2.96

2.9

2.15 „

1.76 1.7

1.2

0.8

0.75 0.76

0.55

3.°2 3.°25

2.9

2.65 2.5 2.7

2.1

1.75

1.26

0.6 0.6

0.7

3.°18

2.92

2.69

2.12

1.73

1.22

0.67

0.73
0.55

100 : 100
91 : 100
84 : 100
66 : 100
54 : 100
38 : 100
21 : 100
23 : 100
17: 100

averages and ratios taken, generally on the same day on which they were made. This methodical plan

cannot be too strongly recommended. Much after anxiety is spared, the calculations are lightened,

errors avoided in the reduction after minute circumstances have been forgotten, and suggestions are

afforded by the result of past experiments for the conduct of new ones.
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69. After the observations made as now described have been projected in the

form shewn, Plate XIII, Fig. 3, and Plate XII, the diagonal corresponding to the

maximum rate of decrease of the intensity was determined, for the purpose of de-

ducing the index of refraction. The following enumerations of the kinds of heat

employed, and the results derived from the several projections, will give a just idea

of the confidence due to the results. They are distinguished into those made

since, and those pre\aous to the 21st March, because some additional precautions

have been taken since that time, which do not, however, appear to have produced

a sensible change. Of the experiments made in the way above described, only

one series is rejected, on account of its discrepancy from others of the same kind,

(the discrepancy was so large as to indicate a displacement of the prism, or some

fundamental derangement not perceived at the time) ; and another on account of

the in-egularity of the points marked out for the curve, although the general form

of the curve did not differ from others similarly obtained.

70. Sources of Heat.—(1.) The direct rays of the Locatelli Lamp. A slightly

concave reflector was employed. (2.) The same lamp, with a reflector having the

form of a portion of a sphere concentric with the wick ; the heat transmitted

through alum. (3.) Heat from the same source transmitted by window-glass .06

inch thick. (4.) Heat from the same transmitted by opaque black glass (through

which the disk of the unclouded sun is just visible). (5.) Heat from the same

transmitted through dark coloured mica, by which direct sunlight is absolutely

stopped. This singular substance I long sought for in vain, it is unknown to many
practical mineralogists ; it transmits green light at small thicknesses, when thicker

its colour is hair-brown. By reflected light its colour is between green and black.

(6.) Heat from incandescent platinum. (7.) The same sifted by window-glass as

above. (8.) The same sifted by opaque mica. (9.) Heat from dark brass about

700°. This is obtained from a nearly cylindrical cover of smoked brass placed

over the flame of a spirit-lamp, so as entirely to conceal it, and which gives re-

markably good results, without increasing considerably the angular breadth of

the source (which is gi'eatly to be avoided when a lens is used). It is in fact

not much greater in size than the helical coil of platinum wire used in (6).

(10.) The same, sifted by clear mica .0044 inch thick. (11.) Heat from a crucible

of mercury about 450°. The crucible was about 2 inches in the side, smoked

I

externally, and heated by a spirit-lamp. The temperature of the mercury which

it contained (covered with sand) was noted at each observation by means of an

inserted thermometer.

71. The results were the following

:

VOL. XIV. PART I. C C
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Source of Heat.

Locatelli; direct, . .

„ with Alum, .

™„-™ Window-Glass,
Opaque Glass,

Mica,

Incandescent Platinum,

Ditto, with Glass, . .

Ditto with opaque Mica,

Brass at 700°, .
_

. .

Ditto with clear Mica,

Mercury at 450°, . .

Diagonal corresponding to Point of contrary flexure of
Curve.

Before March 21.

15.47 15.50 15.60*

15.64

15.51 15.47

15.44 15.42

Since Match 21.

15.54

15.79

15.70

15.75

15.60

15.62

15.64
15.62

15.45

15.62

1

16.52

15.47

15.73

15.60

16.67

15.62

15.67

15.47

16.55

15.52

16.45

15.45

72. From these numbers we can of course compute the corresponding angles

of incidence, and thence the value of the index of refraction by the formula of

art. 53. For the purpose of ready comparison I have calculated the following

table, which gives the angles of incidence, and consequently the indices of refrac-

tion, corresponding to different values of the diagonal computed by the formula

of art. 53

:

Diagonal

ab.

Angle of Inci- Angle of Total Index of Re-
dence Reflection fraction

= «. = /3. = fi.

Inches. o / O /

16.0 — 1 25 40 66 1.627

16.1 40 37 1.636

15.2 — 32 40 20 1.546

16.3 40 3 1.564

15.4 -hO 21 39 47 1.563

15.6 39 30 1.572

16.6 + 1 16 39 12 1.682

16.7 38 56 1.592

15.8 -f-2 11 38 37 1.602

15.9 38 20 1.612

16.0 + 38 38 4 1.622

73. We have the following mean values of ab for the points of contrary

flexure, and consequent values of the indices of refraction of the jnost abundant

rays in each source

:

* This observation was made with a very contracted diaphragm ; the readings therefore were very

small. It is omitted in the final reductions.

j" Omitted in the final reductions on account of the irregularity of the observations.
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Source of Heat.

Locatelli, direct, . .

-with Alum, .

, Window-Glass,
^— opaque Glass,

,^ _-™_ Mica,

Incandescent Platinum,

Ditto with Glass, . .

opaque Mica,
Brass at 700°, . . .

Ditto with clear Mica,

Mercury at 450°, . .

Mean Luminous Rays,

ah.

15.49

15.76
15.65

15.71

15.61

15.50

15.66

16.62

15.45

15.55

15.50

16.8

1.571

1.598

1.587

1.593

1.583

1.572

1.588

1.584

1.568

1.677

1.572

1.602

74. In the following table I have given the mean results of the different se-

ries of observations on which the above conclusions are founded, and from these

numbers I have projected the curves exhibited in Plate XII, the dots correspond-

ing to the numbers here given, and the mode of projection being that already

explained

:

Source op Heat.

Values of the Diagonal ab.

14.5 15.0 16.25 15.5 15.75 16.0 16.25 16.5

Locatelli; direct, .... 100 93 80 60 41 30 2 18
~ with Alum, . . . 100 91.6 84.5 71.5 51 39 24 18.5
.^.,ror«r.r. f, f,. ^V iHdOW-Gl flCiq 100 Q.S 84 fifi 47

55

33 23 /» 18
opaque Glass, . . 100 97.5 89 75.5 42.6 26 22.6

~~ Mica, , . 100 94 82 67.5 48.5 32.5 23 20
Incandescent Platinum, . . 100 89 75 58 41 80 22 18
Ditto with Glass, .... 100 88 77 62.5 42.6 30.6 23 17.5

opaque Mica, . . . 100 92 78 63 46 30 22 18
Brass at 700°, 100 84 69 61 35.5 25 20 15
Ditto with clear Mica, . . 100 85 71 62 33 26 13 11
Mercury at 450°, .... 100 92 77 57 42 29 22 13

75. When we compare the preceding results, obtained with a rock-salt prism,

with those for light, we find that the received index of refraction for that sub-

stance would give to heat a higher degree of refrangibility than light, a result

contrary to all probability. This, however, is not confirmed by du-ect experiment.

Placing a bright small source of light at S (Plate XIII. Fig. 1), and a screen at^j*,

I find the index of refraction for the most luminous rays to be higher than that

of any of the above kinds of heat, being at least 1.602, corresponding to a diagonal

ah =15.8 inches, as I have given it above. By two series of results derived from

a very small oil flame (without wick), I got 15.87 for the diagonal both times

;

and from the Locatelli-lamp (which on account of the size of the flame forms a

better standard of comparison with the experiments on heat) 15.76 ; so that I

consider 15.8 as a fan- representation of the case of light.

76. Yet it is quite certain that the index of refraction of the rock-salt used

is really much below 1.60. A single experiment with Dr Wollaston's instru-
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ment gave me a result between 1.53 and 1.54. Without dwelling more than

necessary on this difference (our great object being gained when we have com-

pared heat and light under similar circumstances), I will mention the two causes

which I believe to produce it. (1.) It is undeniable that the transition from total to

partial reflection takes place much more gi-adually than is due to the mere hetero-

geneity of the rays; (this the experiment with light makes very obvious). The angle

of incidence throughout the range of experiment (from ob z=:14:.o to ab=. 16.5)

within the prism varies from 42° 22' to 36° 38'. The intensity at any point is

made up of totally and of partially reflected light. Consequently throughout this

range of incidence, the partially reflected light must be more intensely reflected

as the incidence is greater, and it is easy to see that the effect of this variation in

the intensity of the partially reflected rays will have the effect of shifting all the

curves towards the right hand in Plate XII. (2.) We have before remarked, that

owing to the dimensions of the source of light or heat, the rays do not form a re-

fracted beam of uniform intensity. The central rays are usually brightest. Now,

it may be shewn that in consequence of the varying angle of incidence the central

rays travel across the front of the pile, and consequently there would be a maxi-

mum effect produced at one point from this cause alone.

77. I believe that the former cause is the only one whose effects are sensible,

or at least considerable ; and having reason to think that its action is similar upon

different kinds of heat, and also of light, we shall probably be very near the truth

if we substitute for the indices of refraction above found, others .04 or .05 lower.

But relative results are in this case by much the most important.

78. The results which we have obtained apply, it must be recollected, only

to the pi^edominant kind of heat in any source, and that we have as yet got no in-

formation respecting the composition of a ray and the amount of dispersion.

79. It is very easy to see that were the mathematical conditions of the expe-

riment (art. 55) fulfilled, we should be led to an exact analysis of heat, more per-

fect far than we have any prospect of obtaining in the case of light, considering the

difficulty of applying the photometer to coloured light. Were the curve in Plate

XIII. Fig. 3, solely representative of the progress of reflection due to the heteroge-

neity of the rays, the increment of intensity between any diagonal E and another

C, or D / would denote the proportion of the entire heat incident, which lies be-

tween the limits of refrangibility assigned by the diagonal, and found by the table

in art. 72. Thus an entire ray would be decomposed into parcels of kno^\Ti pro-

portions, between given intervals of refrangibility. The case is considerably dif-

ferent. Though the points of contrary flexure agree remarkably weU, as we have

seen, the curves are in some cases much more flattened than in others, where the

source of heat is the same ; owing probably to the greater parallelism of the rays

at one time than at another, depending on the distance of the source of heat from

the lens.
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80, We can, therefore, in this way form but an imperfect idea of the compa-

rative homogeneity of the different kinds of heat. Such comparisons can only be

made advantageously by comparing the results obtained in immediate succession

from one and the same somxe with interposed screens of different qualities, as in

the comparison which we instituted between heat direct from Locatelli's lamp, and

that transmitted by glass, (art. 63).

81. The facts respecting refrangibility, which may now be considered as ascer-

tained, serve to render our ideas much more precise in several respects. For in-

stance, (1.) the range of mean refractive indices for heat is small, all the modifica-

tions which we have considered lying within a range of .04, or between 1.51 and

1.55 nearly, which is little more than the commonly assigned dispersion of light,

which, for rock-salt, is between the limits 1.54 and 1.57 nearly. This, however,

is for extreme rays of light, which can hardly be said of heat ; the extremes of dis-

persion are certainly much wider apart. (2.) The mean refractive index of direct

rays from different sources varies surprisingly little. In fact the differences for

direct rays of heat from the Locatelli-lamp, incandescent platinum, and from a

crucible heated to 450°, seem almost insensible, or within the limits of error of

experiment. It is to be recollected, however, that this is compatible with the ut-

most variety in the composition of each. (3.) The effect of interposed screens in mo-

difying the transmitted heat is very remarkable. These, so far as I have tried them,

invariably raise the index of refraction, (alum, glass, opaque glass, and opaque mica

for the Locatelli-lamp
;
glass and opaque mica for incandescent platinum, and clear

mica for dark heat). This is the case even with those substances which suppress

light altogether, and which therefore cannot be considered to do more than de-

tach the heat of considerable refrangibility from the light which usually accom-

panies it, not as stopping the most refrangible rays and admitting the passage of

those of lower temperature. Probably no substance acts in this way, though some

(as black glass and mica, as the experiments of Melloni indicate) may probably

absorb the heat spectrum at both extremities. It is probably to this source that

we must attribute the very small fraction of heat transmitted by the black glass

I used, being only that constituting the rays of the higher degrees of refrangibility,

all those of low and mean, and also of the highest, degrees of refrangibility being

probably absorbed. (4.) With respect to the homogeneity of different kinds of heat,

I have already stated that we can deduce nothing certain from the forms of the

curves in Plate XII. They confirm, however, a view which I have long entertained,

that heat from non-luminous sources is more homogeneous than any other. I

argued this partly on the ground stated in art. 40 of this paper, and still more

from the uniformity of results which I have in all classes of experiments obtained

from dark heat, which often more than made up for the narrower range of the

thermal effect, and which shewed that the discrepancies observed in other cases

were due not so much to errors of observation, as to unavoidable changes in the
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character of the heat, (art. 14). This result is the more probable from the size of

the som'ce of heat necessarily used in the crucible experiments (art. 70), which

tends to render the passage from partial to total reflection more gradual, and thus

to flatten the curve. To the same cause may also probably be attributed the some-

what greater index of mean refraction obtained for heat from this source than

that of dark heat of higher temperatm-e.

82. The following method might perhaps be used with success for obtaining

more exact data respecting the refrangibility, and especially the dispersion, of heat,

than that just described pretends to give. It must insure a beam of parallel rays

of heat of sufficient intensity and uniform in every part of its section. A small

point of heat placed behind a lens (or two or three lenses to diminish aberration)

is the most obvious plan. But the intensity would be inadequate. I would, there-

fore, propose a platinum-wire, heated by one of Mr Daniell's constant voltaic bat-

teries, placed behind a refracting semi-cylinder of rock-salt.* The central rays

should be alone employed, and the prism for total reflection should be high and

narrow as well as the aperture of the pile. It is possible that in this case the tran-

sition from partial to total reflection would be so rapid as to make the error aris-

ing from the varying intensity of partial reflection (art. 76) inconsiderable. By
changing the force of the battery, heat of all temperatures might be employed in

succession. The numerical analysis of the heat spectrum would then take place

as described in art. 79.

Conclusion.

83. My object in these, as in former researches, has not been to group expe-

riments of mere curiosity indiscriminately selected, but to present a basis for a

proper theory of heat. Without some such end in view I should have thought the

time and labour spent on these experiments in some degree misapphed. Mere

numerical results, though ultimately of the highest consequence to science, should

never form the exclusive object of the philosopher. I ti-ust to have shewn that

though many of the conclusions in this paper are based upon quantitative results,

these have not been the ultimate aim of the inquiry.

84. The mutual bearing of the three sections of this paper, and of aU upon

what (from analogy to physical optics) we may call physical thermotics, is now

evident. (1.) In the First Section we have minutely discussed a point apparently

perhaps of minor importance, namely, the unequally polarizable natm*e of the rays

of heat. The importance of the doctrine lies in this : that the common theory of

undulation recognises no such variation, nor perhaps does it exist in the case of

light (I know, however, of no decisive experiments on this point), with the excep-

* Such a one I have had executed.



©]EIP(D)JLA]RISATI(D)I^ (D)F MEAT.
Rnjal Soc. Tnm. VoLXiy.

fll—
~

1
'

;

i

'—1— I—'

1 . 1

..

: ;
,1,1

r. f— 1 '
I

!

, ;
:

i 1

)

i

i
^\ <f I.jdKfra'm Lan¥r 1

1

1
i

1

1

\

\

")
1

1

s' !

S^

f-

'

1

'

-
1

—

\^^
r-

<Tl
1

^1
i 1 h" Li ]

»
1 \ i

_—1

—

'

-*
\

H
\

4~i
-^- —^—t

—

'

? .^

- s 'Z\—[

—

'

'

—

;

\
5 >

^^
-"

1

t^
-n '

-- -- -—
i

a'

—

.

"
__—

- 1 ^ — —
1

—
1

" i

^
;

-*
1

1

j

i
K

1 Wft^i-^ iT/i ff

1

L
r

1
Sc\J t, r 755 iAin ej^

'

f 1
tfun !z/2^ '/.f ofc)n Tra \

!

^<

1

i " 1

- 1

/ir^- _^ .-i rv 5(5 'Ttd. ?J f:^ /z.p.
^^; Zi ir iKm

,
1

"
1

i

—

V *

==-- -
^--

—
^^— — "

-1

It-
^ ,

--—

'

^ -^ - -
_

1

J— '

-
__^ ^— ;

i

-

^
! 1

^^ ,

—

-'
-

_^ r-
-— '

I

,

-

___

' '

-*—

'

"^

— itH' '

-

1

/
[^ .^ 'J,77^^ ^, f-

6*.H J". r
:&

\

fj

**
"

1

<

H=
1

—

-

b J r"
— -*

i
__ .——

r^
— "

\
^

.

«==- :r
\-\

-

—

}- ,
- ^—

f—
_- ^

- -^ __ ^-—
._.

h- H-^
t -'k- -= L- 1 i

>

i
* "1 •^

ir~
,..,

-fW2*3f -
f -

1

H

i
1

1

_
1 1 -\ .,j .. _ I —J







li:

<5

'
1

- h

1

1

1

T
i

1

1 '

r
\ 1

^•

s n
tt; -- -

____ j___ i„..
i; —

^

-J 1

n*

^^
f I

^ — -

- -

— '
1

;$

- - ^
-

-'

i .^
6\ T

-- «
&^ ^ __L __^'

t
- - 5

-

?l Hi $"^1 s

- — -'- M !^ -
*«ii

.

7_^,
_ .ji!- ^

N

J rg

-" -- "> p 1": :/:::is:i::. T
^ s &^ ^ 1

N

— --
'

——
— 11

'.« '
'

''^'^.
.c

^ ^ .« ^ ;^

--
^<l

,
,'^111

1=^1
i

,/ 1

J 1

i

/ t 1
'

1

=

7 f t
1

'

/^ /.

-^ / j^^ .J
[5!

/
'""I M. y

i

:

—

I-H
/ i J /.^ / rVzTizz: - 4 / —

/ —
- -

7^^^
/ y^ - -- y / /Q / / / /

J / / /
: /, : ,

h
'

/ /
r / r !

1

.

!

. - -
1

1

-^T "1

~J/ —

-

—— _--j - / -^^ y/N
- \ J ' / 4 y /M .A7 /

1

/ / V
/..

n4 \
y ^ X /i /

i=i
'"

y i 1 1 yl
y • / y /

/pR /T i
'' X i

/ / /
/

h—t ^ / / / ! /
' y / / y /

/ / 1 / / / /

^ /4 J .__ _J_XJJ___ / / /

1/^-<^ \ /^
1

i ^i M / -

/ /S \ y ^
1 ! / K-^ / /

/
/

L
/ '"x:y y

/ /' ™/N / ._^_ i/' ; 1 1:7 / y
r^-/M — / 1 1

i* / / /
0^1 /

/
1

'
: / A / / /s / _ . ! ! >

/
\ / / /

tll/i
}

^
^ /

; 1
1/: : 1 1 ~^'i t /

/ 1 /., i 1 4 1 1 ' _J 7
, ""

J (

f

f
—

tt'*'
—

/•
1

/ f / — My
7 / -

'liXi--!

/
;

/i
1 / j

/ 1

1

,/' ____.L 1

/ / 1 71 1 :

' 1
1

/ 1

1

/ -47^^-
^1 !

/ _._ — / - -/--il-
i

/' S'^ •

'

i

—

1

.^..L..4-.^' -

\- ^

t]^
--— 1

i

1 1 1

~-— - --

! --—~
——

-

- -

—X j

1
1

1 1 1 1 1 1 \

2;



—

1

-- 1 1 1
1

;

._^ ^L \ L^ :—— I
! —
.

'

\
'- '

"gj
1 ,\

r§ H ---— --
' -S

'

-^1^ 0.

0^ ^ .

1^ ^
^ ^- — 1^ ^ "ti

"T '

^ n; "i
fe

1 ^ -"N ^ ^^^ F — i^
^.

•^ l^''

S; R
El

S

^ ^ i§ f^ 1^ >^

IkS
w - ®^ s ^

' ~"4?, ^ v-^
/

' _ji 1
1 /

/
r ~~]\ - r

' ;
\ - —

1 1 1

/ J J 1 J
/ 7 7 1 J
/

/ .

/ 1

1
t

/ 1 ,/
/' / / / /
/ 7 J / '

; / i
/ / / / /

/ /
/ / /

/ / / / /
/ / / 1 A /

^ — /
/

/ / / -
/ r / /

/ y / y /

-/
/ — /

/ / / /

/ / / /
/ t

/ y y/ \ 1

A / /* /*

/ / y
/ / / /

/ / / /
/ / / m/

/
' "

\ / / / /
" y y / / /
[/
— /' / /

/

/ / /
_A / / /

/

/ / /1

1 1

/ / /
•

/
/ -^- / /

/ / /
1 /

1 /
/

'

J 1 /

1

— —-—
I

--'

. I i —^





P7/>jf£..'m.. TTyntnl. Soo. Tra»s Vo/ . XIV.

/;;/ /.

/'/,/. :'

/iff. :i.





THIRD SERIES—REFRANGIBILITY OF HEAT. 207

tioii of the small effect due to the difference of refrangibility. Now, having proved

in the Thhd Section that this difference ofmean refrangibility is from most sources

very small, which yet differ widely in their polarizability, we infer that that ex-

planation is probably inadequate, and that we must look for a mechanical theory

of heat differing in some particulars from that of light.

85. (2.) This latter conclusion is farther confirmed by the results of the Se-

cond Section, in which is deduced, from the singularly accordant results of AvhoUy

distinct series of experiments with heat from those distinct sources, that the phe-

nomena of depolarization differ surprisingly, numerically speaking, from those of

light, whilst in their general character they are entirely similar. The results at

which we have arrived oblige us to admit, either that the length of a wave of heat

is several times greater than that of a wave of light, or that the velocities of the

ordinary and extraordinary ray in doubly refracting crystals are totally different

from those of light ; or else a combination of these hypotheses. Now, of the two

first alternatives we are bound at present, I think, to prefer the latter, since we
know nothing of the phenomena of double refraction but from this experiment

;

whilst the subsequent experiments on the refractive index, would, according to

the prevalent theory of dispersion, seem to shew that the mean length of a wave

of heat cannot differ very materially from one of light. This amounts to admit-

ting that the doubly refractive energy is more feeble for heat than for light ; in

other words, that a greater thickness of a crystal is required to produce a given

effect. The Second and Third Sections also confirm one another in this respect,

that the uniformity of the results of depolarization with heat from different sour-

ces, and also of the refrangibility, would both be highly improbable did the length

of a wave materially differ in those instances.

86. (3.) Of the results of the Third Section, I have already spoken at sufti-

cient length (art. 81). The mean index of refraction for all kinds of heat tried

is less than for light ;—it ranges within narrow limits ;—when the heat from dif-

ferent sources is unmodified by transmission through diathermant bodies, these

limits are very narrow indeed ;—the measure ofdispersion is considerable but un-

ascertained, and opens a fair field for experiment ;—dispersion is probably least

for sources of low temperature.

87. Such are the chief data for speculation afforded by the experimental re-

sults contained in this paper :—too imperfect perhaps in themselves to form the

basis of a mechanical theory of heat, yet such I hope as may be considered to be fit

contributions towards its construction at a future period.

Edinburgh, \Qth April 18-38.
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X. On the Real Nature of Symbolical Algebra. By D. F. Gregory, B. A., Triii.

Coll. Cambridge.

(Read 7th May 1838.)

The following attempt to investigate the real nature of Symbolical Algebra,

as distinguished from the various branches of analysis which come under its do-

minion, took its rise from certain general considerations, to which I was led in

following out the principle of the separ^^,tion of symbols of operation from those

of quantity. I cannot take it on me to say that these views are entirely new,

but at least I am not aware that any one has yet exhibited them in the same

form. At the same time, they appear to me to be important, as clearing up in a

considerable degree the obscm-ity which still rests on several parts of the elements

of symbolical algebra. Mr Peacock is, I believe, the only writer in , this country

who has attempted to write a system of algebra founded on a consideration of

general principles, for the subject is not one which has much attraction for the

generality of mathematicians. Much of what follows will be found to agree with

what he has laid down, as well as with what has been written by the Abb^

BuEE and Mr Warren ; but as I think that the view I have taken of the subject

is more general than that which they have done, I hope that the following pages

will be interesting to those who pay attention to such speculations.

The light, then, in which I would consider symbohcal algebra, is, that it is

the science which treats of the combination of operations defined not by their na-

ture, that is, by what they are or what they do, but by the laws of combination

to which they are subject. And as many different kinds of operations may be

included in a class defined in the manner I have mentioned, whatever can be

proved of the class generally, is necessarily true of all the operations included

under it. This, it may be remarked, does not arise from any analogy existing in

the nature of the operations, which may be totally dissimilar, but merely from

the fact that they are all subject to the same laws of combination. It is true

that these laws have been in many cases suggested (as Mj- Peacock has aptly

termed it) by the laws of the known operations of number ; but the step which is

taken from arithmetical to symbolical algebra is, that, leaving out of view the

nature of the operations which the symbols we use represent, we suppose the ex-

istence of classes of unknown operations subject to the same laws. We are thus

able to prove certain relations between the different classes of operations, which,
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when expressed between the symbols, are called algebraical theorems. And if

we can show that any operations in any science are subject to the same laws of

combination as these classes, the theorems are true of these as included in the

general case : Provided always, that the resulting combinations are all possible

in the particular operation under consideration. For it may very well, and does

actually happen, that, though each of two operations in a certain branch of science

may be possible, the complex operation resulting from their combination is not

equally possible. In such a case, the result is inapplicable to that branch of

science. Hence we find, that one family of a class of operations may have a more

general application than another family of the same class. To make my mean-

ing more precise, I shall proceed to apply the principle I have been endeavouring

to explain, by shewing what are the laws appropriate to the different classes of

operations we are in the habit of using.

Let us take as usual F and/to represent any operations whatever, the na-

tures of which are unknown, and let us prefix these sjnnbols to any other sym-

bols, on which we wish to indicate that the operation represented by F or/is to

be performed.

I. We assume, then, the existence of two classes of operations F and/ con-

nected together by the following laws.

(L) F F (a) = F (a). (2.) //(a) = F (a).

(3.) F/(a) =/(«). (4.) /F (a) =zf{a).

Now, on looking into the operations employed in arithmetic, we find that there

are two which are subject to the laws we have just laid down. These are the

operations of addition and subtraction ; and as to them the peculiar symbols of

-\- and — have been affixed, it is convenient to retain these as the symbols of the

general class of operations we have defined, and we shall therefore use them in-

stead of F and/. As it is useful to have peculiar names attached to each class,

I would propose to call this the class of circulating or reproductive operations, as

their nature suggests.

Again, on looking into geometry, we find two operations which are subject

to the same laws. The one corresponding to -|- is the turning of a line, or rather

transferring of a point, through a circumference ; the other corresponding to — is

the transference of a point through a semicircumference. Consequently, whatever

we are able to prove of the general symbols + and — from the laws to which

they are subject, without considering the nature of the operations they indicate,

is equally true of the arithmetical operations of addition and subtraction, and of

the geometrical operations I have described. We see clearly from this, that there

is no real analogy between the nature of the operations + and — in arithmetic

and geometry, as is generally supposed to be the case, for the two operations can-

not even be said to be opposed to each other in the latter science, as they are ge-

VOL. XIV. PART I. D d
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nerally said to be. The relation which does exist is due not to any identity of

their nature, but to the fact of their being combined by the same laws. Other

operations might be found which could be classed under the general head we are

considering. Mr Peacock and the Abb^ Buee consider the transference of pro-

perty to be one of these ; but as there is not much interest attached to it in a ma-

thematical point of view, I shall proceed to the consideration of other operations.

II. Let us suppose the existence of operations subject to the following laws :

(1.) fr. i^)-fn («) =f,n + „ («)' (2-) /„/„ («) = /„ „ («)•

Where /,j,/^ are different species of the same genus of operations, which may be

conveniently named index-operations, as, if we define the form of/ by making

f^ (a) = a, and suppose m and 7i to be integer numbers, we have those operations

which are represented in arithmetical algebra by a numerical index. For if m
and n be integers, and the operation a™ be used to denote that the operation a

has been repeated m times, then, as we know,

a .a ^ a . (a ) z= a .

We have now to consider whether we can find any other actual operations be-

sides that of repetition which shall be subject to the laws we have laid down.

If we suppose that m and n are fractional instead of integer, we easily deduce

from our definition that the notation a^ is equivalent to the arithmetical opera-

tion of extracting the (?*'' root of the j!?*'* power of a, or generally the finding of an

operation, which being repeated q times, will give as a result the operation a^\

Thus we find, as might have been expected, a close analogy existing between the

meanings of a'' when m is integer, and when it is fractional. Again, we might ask

the meaning of the operation «~'"
; and we find without difficulty, from the law

of combination, that a"^"* indicates the inverse operation of «"*, whatever the ope-

ration a may be. When, instead of supposing m to be a number integer or frac-

tional, we suppose it to indicate any operation whatever, I do not know of any

interpretation which can be given to the rotation, excepting in the case when it

indicates the operation of differentiation, represented by the symbol d. For we

know by Taylor's theorem, that

d

Or, a^f{x)=fix + \oga).

In the case of negative indices, we have combined two different classes of opera-

tions in one manner, but we may likewise do it in another. What meaning, we

may ask, is to be attached to such complex operations as (+)"* or (—)'"
? When

7ii is an integer number, we see at once that the operation (-1-)'" is the same as +,
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but (—)'" becomes alternately the same as + and as —, according as m is odd or

even, whether they be the symbols of arithmetical or geometrical operations. So

far there is no difficulty. But if it be fractional, what does (+)"* or (—)"" signify?

In arithmetic, the first may be sometimes interpreted, as because (+)"* = + when
1 \_

m is integer, (+)»* also = +, and as (—)2'» = +, also (+)2'» = — : But the other

symbol (—)"* has, when m is a fraction with an even denominator, absolutely no

meaning in arithmetic, or at least we do not know at present of any arithmetical

operation which is subject to the same laws of combination as it is. On the other

hand, geometry readily furnishes us with operations which may be represented

i_ 1

by (+)"* and (—)*", and which are analogous to the operations represented by +

and — . The one is the turning of a line through an angle equal to -th of four

right angles, the other is the turning of a line through an angle equal to -th of

two right angles. Here we see that the geometrical family of operations admits

of a more extended application than the arithmetical, exemplifying a general re-

mark we had previously occasion to make. Whether when the index is any

other operation, we can attach any meaning to the expression, has not yet been

determined. For instance, we cannot tell what is the interpretation of such ex-

d d
J
— ^ ^'^S

pressions as (+)'*'' or (

—

y'', or {+) .

III. I now proceed to a very general class of operations, subject to the fol-

lowing laws

:

(1.) /(a)+/(6)=/(a + 6).

(2.) ^/(«) =/^(a).

This class includes several of the most important operations which are considered

in mathematics ; such as the numerical operation usually represented by a, b, kc,

indicating that any other operation to which these symbols are prefixed is taken a

times, b times, &c. ; or as the operation of differentiation indicated by the letter d,

and the operation of taking the difference indicated by a. We therefore see what

an important part this class of functions plays in analysis, since it can be at once

divided into three families which are of such extensive use. This renders it ad-

visable to comprehend these functions under a common name. Accordingly,

Servois, in a paper which does not seem to have received the attention it de-

serves, has called them, in respect of the first law of combination, distributive

functions, and in respect of the second law, commutative functions. As these

names express sufficiently the nature of the functions we are considering, I shall

-use them when I wish to speak of the general class of operations I have defined.

It is not necessary to enter at large here, into the demonstration that the

symbols of differentiation and difference are subject to the same laws of combina-
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tion as those of number. But it may not be amiss to say a few words on the ef-

fect of considering them in this light. Many theorems in the differential calculus,

and that of finite differences, it was found might be conveniently expressed by

separating the S3rinbols of operation from those of quantity, and treating the for-

mer like ordinary algebraic symbols. Such is Lagrange's elegant theorem, the

first expressed in this manner, that

a" u^ = (e^dx _l;» u^;

or the theorem of Leibnitz, with many others. For a long time these were treated

as mere analogies, and few seemed willing to trust themselves to a method, the

principles of which did not appear to be very sound. Sir John Hebschel was
the person in this country who made the freest use of the method, chiefly, how-

ever, in finite differences. In France, Servois was, I believe, the only mathema-
tician who attempted to explain its principles, though Brisson and Cauchy some-

times employed and extended its application : and it was in pursuing this inves-

tigation that he was led to separate functions into distributive and commuta-
tive, which he perceived to be the properties which were the foundation of the

method of the separation of the symbols, as it is called. This view, which, so

far as it goes, coincides with that which it is the object of this paper to develope,

at once fixes the principles of the method on a firm and secure basis. For, as

these various operations are all subject to common laws of combination, what-

ever is proved to be true by means only of these laws, is necessarily equally true

of all the operations. To this I may add, that when two distributive and com-

mutative operations are such that the one does not act on the other, their com-

binations will be subject to the same laws as when they are taken separately

;

but when they are not independent, and one acts on another, this wiU no longer

be true. Hence arises the increased difficulty of solving linear differential equa-

tions with variable coefiicients ; but for more detailed remarks on this, as well

as for examples of a more extended use of the method of the separation of

symbols than has hitherto been made, I refer to the Cambridge Mathematical

Journal, Nos. 1, 2, and 3.

As we found geometrical operations which were subject to the laws of circu-

lating operations, so there is a geometrical operation which is subject to the laws

of distributive and permutative operations, and therefore may be represented by

the same symbols. This is transference to a distance measm-ed in a straight line.

Thus if a; represent a point, Une, or any geometrical figure, a (ai) will represent the

transference of this point or line ; and it will be seen at once that

a(x) + aQ/) = a{x+y)',

or the operation a is distributive. What, then, will the compound operation

f)
(a (<2?)) represent ? If iz; represent a point, a (a;), which is the transference of a



MR GREGORY ON THE REAL NATURE OF SYMBOLICAL ALGEBRA. 213

point to a rectilinear distance, or the tracing out of a straight line, will stand for

the result of the operation ; and then h {a («)) will be the transferring of a line to

a given distance from its original position. In order to effect this, the line must

be moved parallel to itself, the effect of which will be the tracing out of a paral-

lelogram. The effect wiU be the same if we suppose a to act on h {ob), since in

this, as in the other case, the same parallelogram wiU be traced out : that is to

say,
a{b{x)) = b{a{x))

or a and h are commutative operations.

The binomial theorem, the most important in symbolical algebra, is a theo-

rem expressing a relation between distributive and commutative operations, index

operations, and circulating operations. It takes cognizance of nothing in these

operations except the six laws of combination we have laid down, and, as we

shall presently shew, it holds only of functions subject to these laws. It is con-

sequently true of aU operations which can be shewn to be commutative and dis-

tributive, though apparently, from its proof, only true of the operations of num-

ber. The difficulties attending the general proof of this theorem are well known,

and much thought has been bestowed on the best mode of avoiding them. The

principles I have been endeavouring to exhibit appear to me to shew in a very

clear light the correctness of Euler's very beautiful demonstration. Starting

with the theorem as proved for integer indices, which he uses as a suggestive

form, he assumes the existence of a series of the same form when the index is

fractional or negative, which may be represented by / {x). He then considers

what will be the form of the product / {x)xf (x). This form must depend only

on the laws of combination to which the different operations in the expression are

subject. When « is a distributive and commutative function, and m and n inte-

ger numbers,, we know that / (x) xf {x) =/
,

(x). Now integer numbers are

one of the families of the general class of distributive and permutative functions

;

and if we actually multiplied the expressions/ {x) and/ (x) together, we should,

even in the case of integers, make use only of the distributive and permutative

properties. But these properties hold true also of fractional and negative quan-

tities. Therefore, in their case, the form of the product must be the same as when

the indices are integer numbers. Hence/ (x) xf ix) =f (x) whether m and

n be integer or fractional, positive or negative, or generally if m and n be distri-

butive and permutative functions.

The remainder of the proof foUows very readily after this step, which is the

key-stone of the whole, so that I need not dwell on it longer. I will only say,

that this mode of considering the subject shews clearly, that not only must the

quantities under the vinculum be distributive and commutative functions, but
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also the index must be of the same class,—a lunitation which I do not remember

to have seen any where introduced. Therefore the binomial theorem does not ap-

ply to such expressions as (1 + a) "^ or (1 + af^^; and, though it does apply to

-T- d
(1 + a) , since both a and -r- are distributive and commutative operations, it does

— d
not apply to (l H-/(<2?))'^'', as/(,2;) and -y- are not relatively commutative.

Closely connected with the binomial theorem is the exponential theorem, and

the same remarks will apply equally to both. So that, in order that the relation

•' = '+- + 172 + Ears + *'•

may subsist, it is necessary, and it suffices, that x should be a distributive and

commutative function. On this depends the propriety of the abbreviated notation

for Taylor's theorem

f{x + h) = ^''i-'f{x).

Properly speaking, however, the symbol e ought not to be used, as it imphes an

arithmetical relation, and instead, we ought to employ the more general symbol

of log— 1. But this depends on the existence of a class of operations on which I

may say a few words.

IV. If we define a class of operations by the law

we see that, when x and y are numbers, the operation is identical with the arith-

metical logarithm. But when x and y are any thing else, the function will have

a different meaning. But so long as they are distributive and commutative func-

tions, the general theorems such as

log (1 -t- a;) = x— - + g- — &c.

being proved solely from laws we have laid down, are true of all sjrtnbols subject

to those laws. It happens that we are not generally able to assign any known
operation to which the series is equivalent when x is any thing but a number, and

we therefore say that log (1 + ^) is an abbreviated expression for the series

9 3rp Off

X— o" + —— ^c- B^t there may be distinct meanings for such expressions as

log A + -j-\ or log (^-pV as there are for £^ ^, that is log (-=- ^ . In the

d
case of another operation, a, we know that log (1 + a) =— .
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V, The last class of operations I shall consider is that involving two opera-

tions connected by the conditions

(1) aF{x+2/) = F ix)f(^) +fix) F (y)

and (2) af(x + i/)=f{x)f{^)-cF(x)F(^).

These are laws suggested by the known relation between certain functions of

elliptic sectors ; and when a and c both become unity, they are the laws of the

combinations of ordinary sines and cosines, which may be considered in geometry

as certain ftmctions of angles or circular sectors, but in algebra we only know of

them as abbreviated expressions for certain complicated relations between the

first three classes of operations we have considered. These relations are.

The most important theorem proved of this class of functions is that of De-

MoiVRE, that

(cos X + (—)* sin a;)" r= cos nx + (—)* sin n x.

It is easy to see that, in arithmetical algebra, the expression cos x + (—)^ sin x

can receive no interpretation, as it involves the operation (—)i In geometry,

on the contrary, it has a very distinct meaning. For if a represent a line, and

a cos X represent a line bearing a certain relation in magnitude to a, and a sin x

a line bearing another relation in magnitude to a, then a (cos x -t- (—)* sin x\

will imply, that we have to measure a line a cos x, and from the extremity of it

we are to measure another line a ^m x; but in consequence of the sign of opera-

tion (—)*, this new line is to be measured, not in the same direction as a cos x,

but turned through a right angle. As, for in-

stance, if AB = a cos x, and BC = a sin x, we

must not measure it in the prolongation of AB, ^^
but turn it round to the position BC ; and thus, ^^^
geometrically, we arrive at the point C. Also, ^
from the relation between sin x and cos x, we know

that the line AC will be equal to a, and thus the expression a (cos x -v (

—

y sin x?^

is an operation expressing that the line whose length is a, is turned through an

angle x. Hence, the operation indicated by cos — -i- (

—

f sin — is the same as

1

that indicated by (+)'», the difference being, that, in the former, we refer to rec-

tangular, in the latter to polar co-ordinates. Mr Peacock has made use of the

expression cos x -f- (—)^ sin x to represent direction, while Mr Warren has em-

ployed one which, though disguised under an inconvenient and arbitrary notation,
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is the same as (+)". The connection between these expressions is so intimate,

that, being subject to the same laws, they may be used indifferently the one

for the other. This has been the case most particularly in the theory of equations.

The most general form of the root is usually expressed by a (cos & + (—)^ sin &) ,

while the more correct symbolical form would be (+)* a, since the expression

x» + P, a;"-' + P„ a"-^ + &c. + P =0'1 '2 ' ' n

does not involve any sine or cosine, but may be considered as much a function

of H- as of X, so that the former sjmabol may be easily supposed to be involved in

the root. Hence, instead of the theorem that every equation must have a root, I

z
would say every equation must have a root of the form (+)* a, p and q being

numbers, and a a distributive and commutative function.
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XI. Investigation of a New Seriesfm- the Computation of Logarithms ; with a New

Investigation ofa Seriesfor the Rectification of the Circle. By James Thomson,

LL.D., Professor of Mathematics in the University of Glasgow.

Read 7th May 1838.

I.

The series / (I + «) = M (^— \o(? + ^a?— i -^^^H- &c.), discovered by Merca-

TOR, seems to be the origin from which, directly or indirectly, all the series may
be derived which are usually employed in the computation of logarithms. A
series, which affords remarkable facilities for such computations, and which lately

occurred to me, may be investigated in the following manner.

In Mercator's series, change x successively into - and— - ; then, by adding

Ixio each of the results, we get

/(. + «) = /- + M(__-- + --_--^ + &c.) (1)

1, N 7 . tit/ ^ 1 «2 1 W^ 1 »* , \
/(._«) = Z. + m(----^---3---,-&c.) (2)

Take half the sum and half the difference of these ; then

n.+ .)-^(x-.) ,M(^+lg+lg + .c.) (4)

By multiplying the latter by n, and dividing the product by 2 x, we get

4^ -^V2^+2:3^ + 2:5^ +^V ^^^

Adding this and (3), and by transposition, we obtain

^^ = 2 + 4^ + ^(,374^ + 576^6+ 778
^+^"'/^>

\in= 1, this becomes

l{x+\)^-l{x-\) l(x+\)-l{x-\) /I 12 13 1 \l^_ + _ + M^^-^ + --+7;g^ + &c.^... (7)

. m /l\2m + 2

The mtn, or general term of this series, is evidently M (2m+n(2—iTV \x)

VOL. XIV. PART I. E e



218 PROFESSOR THOMSON'S INVESTIGATION OF A NEW SERIES FOR

The last two series, besides the simplicity and elegance of their form, are re-

markably convergent, when x is large, compared with nor 1. The latter of them

gives, with great facility, the logarithm of a whole number from the logarithms

of the two numbers immediately preceding and following it, when the number is

considerable : and this, as we shall presently see, is a case of continual occurrence

in the computation of logarithmic tables.

To exemplify the use of formula (7), suppose that the common logarithm of

2 has been computed by any of the known methods :
* then, by doubhng and

trebling it, the logarithms of 4 and 8 are obtained ; while that of 5 is found by

subtracting it from 1, the logarithm of 10. From the logarithms of 8 and 10, the

logarithm of 9 is obtained by means of series (7), as, by taking ^ = 9, that for-

mula gives

,„ no + /8 . no— /8
. ,, / 1 1.2 1 „ \

In this the convergence is so rapid, that to find the logarithm true for seven deci-

mals, it is not necessary to proceed beyond the first term in the vinculum ; and

by employing additional terms, any assigned degree of accuracy is easily obtained.

By halving the logarithm of 9, we get that of 3 ; from which, and from the loga-

rithm of 2, that of 6 is found. Then, by series (7),

,„ /8 + /6
,
/8— /6

,
.. / 1 1,2 I ,, \

—a series of rapid convergence.

Now, by adding the logarithm of 2 to the logarithms of 6, 7, 8, 9, and 10, we

get those of the even numbers 12, 14, 16, 18, and 20 ; and the logarithm of 15 is

the sum of the logarithms of 3 and 5. We should then find with great ease, by

means of (7), the logarithms of the prune numbers 11, 13, 17, and 19. By add-

ing the logarithm of 2 to the logarithms of 11, 12, 13, 20, we should have

those of the even numbers from 20 up to 40 ; and those of the primes between

the same limits would be computed by means of (7). In a similar manner, we

should first obtain the logarithms of the even numbers from 40 up to 80, and then

those of the intermediate primes ; and thus we might proceed as far as we please,

the computations for the primes becoming easier and easier, as the numbers be-

come larger. The logarithm of any whole number, indeed, from 40 upwards,

would be obtained by (7), true for seven or more places of decimals, merely by

means of the logarithms of the two numbers immediately preceding and foUow-

* If the modulus of the common logarithms be supposed to be known, the common logarithm of 2

may be computed with great ease by finding, by Mercator's series, the logarithm of 1 -J- 0-024 ; by

adding to the result 3, the logarithm of 1000, and thus finding the logarithm of 1024 ; and, lastly, by

dividing by 10, because 1024 is the tenth power of 2.
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ing it, without employing any of the terms in the vinculum, and consequently

without any trouble with the modulus.

The facility of the process by means of formula (7) will appear from the fol-

lowing example, in which the common logarithm of 61 is computed from those of

60 and 62.

Z 62 = 1.792391689

/60 = 1.778151250

2)3.570542939

Half sum = 1.785271469

Difference = 0.014240439

Now 61 X 4 = 244, and dividing the difference by this, we get 0.000058362 ; the

sum of which and of the half sum, found above, is 1.785329831, the logarithm of

61. This is true in all its figures except the last, which ought to be 5.

It may be proper to remark, that when x is large, its logarithm will be ob-

tained very readily by means of formula (3) ; as, by taking n=l, and transposing,

we get

2 V2 x2 4 x* 6 ^6 ' / '

—a formula which will give the logarithms of whole numbers above 2000, true

for seven or more decimals, by means of the logarithms of the two numbers im-

mediately preceding and following, without any term of the series.

II.

A series which gives the rectification of the circle with greater ease than any

other with which I am acquainted, occurred to me some time ago, and I then be-

lieved it to be new. I have lately found, however, that the same series was dis-

covered by EuLER, and that it appeared in the eleventh volxmie (1793) of the

Nova Acta of the Petersburgh Academy, with two investigations by that distin-

guished \^Titer. My investigation is altogether different from those given by him,

and is very simple—perhaps more so than either of his. It is obtained, also, by

means of a method of integration which may be employed with advantage in

many other instances : and though, as might be expected, several things in my
paper are anticipated in Euler's, yet mine contains others which are not to be

found in his. For these reasons, I shall present the paper in almost exactly the

same state in which it was before I saw the article by Euler.

If we put tan~^ x to denote the circular arc, whose tangent is x, we have, by

the formula for the differential of the arc in teniis of its tangent to the radius 1,

d tan-i .r = t-^-^ , and therefore tan-^ x = I ^
.
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The integral of the second member of this, in the form that will suit om* pur-

pose, will be obtained in perhaps the easiest manner by means of the formula,

lu— udv du u dv
dL . - „ - -

ir V V V

(u\ vdi

v)
~

which, by integration and transposition, gives

fdu^u rudv
J V V J V V

By taking in this u = x, and xi = \-\- o^, the expression found above becomes

X r X Ixdx _i X r^x'^dx

The integral of the last term of this is obtained in a similar manner, from formula

(8), by taking du — 2a^dx, and ^ = (1 + xy, and is found to be

3*(1 +a;2)2"'"X/(l+x2)

It is plain that this process may be continued without limit ; and, the law of con-

tinuation being manifest, we obtain

^ _i X 2 x^ 2.4 x^ 2.4.6 x''
, , ,q.

This is the series proposed to be investigated ; and, for giving an arc in the first

quadrant, it requires the addition of no constant quantity.

When a; is a fraction -, the foregoing series may be exhibited, after some mo-

difications, in the convenient form.

By putting A, B, C, &c. to denote the successive terms of the last series, and

k to denote the fraction —^—, we get the following expression, which answers

best for the purposes of computation :

—

'"""i=?+?+i*^+^^+l*'^+«''^ w
We have thus obtained the means of computing a circular arc in terms of

its tangent. The well known series,

tan-i x = x— \x^ +-x^ — ^ a;? + &c (12)

given, first by James Gregory, and afterwards by Leibnitz, serves the same pur-

pose, but is far inferior in practice. Like (12), the series above investigated, con-

verges the more rapidly, the smaller the tangent is in comparison of the radius.
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Yet, even in the very unfavourable case in which a; = 1, and the arc = 45", we
should have, by series (9),

4^ = 2 + 3(2) +3:5(2) +^^-'

less than twenty terms of which would give the circumference true for six places

of decimals ; while many thousand terms of the series,

derived from (12), would be required to effect the same object.

In the actual computation, however, of the circumference to a great degree

of accuracy, the series found above is applied with most advantage in connexion

with the curious and elegant principle first employed by Machin, and afterwards

extended by Euler,—that of finding arcs whose tangents are rational, and are

smaU known fractions, and the sum or difference of which arcs, or of their mul-

tiples, is a known part of the circumference. Such arcs are innumerable ; and,

by taking them sufficiently small, any degree of convergence whatever may be ob-

tained. Rapidity of convergence, however, is far from being the sole important

consideration. The convergence may be very great, and yet the fraction k may be

of such a form as to render the computation laborious and difficult. No arc, in-

10™
deed, answers well, unless p^ + q^ be of the form —^, m and n being whole positive

numbers ; and even of arcs having this property, many are, in other respects, in-

convenient. Of a great number of tangents which I have tried, those which seem
121 3

to answer best are 3, yy, y, and^ ; which give respectively for the values of ;?:, 0.1,

1 2
0.032, 0.02, and 0.00144: and, since it is easy to shew that[3 tan~^ 3— tan"' yy = 1 %

we get, by quadrupling,

«• = 12tan-ii — 4 tan-i A (13)
3 II

In a similar manner, it would appear that

5r= 8tan-ii +4tan-ii (14»3^7
ir= 10 tan-'i _ 2tan-iA (15)

,
3 79

5r = 8 tan-1 A-|-I2tan-il (16)
11 7

T = 20 tan-i-?-— I2tan-iA (17)
II 79

^

!r = 20tan-ii + 8tan-iA (18)
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By means of any of these six formulse, in connexion with series (11), the va-

lue of -^ may be computed with great despatch and facility. As an example, let

us take formula (18), and putting successively p = \, q = 7, and j9 = 3, q = 79, in

formula (11), we get

_ r 2.8 + f Ax0.02 + f Bx0.02 + f CX0.02 + &C. )
" ~ t + 0.30336 + f A' X 0.00144 + f B' X 0.00144 + &c. j

Hence, by carrying the decimals out to twelve places, the computation will stand

thus :

First Series. Second Series.

A = 2.800000000000 A' = 0.303360000000

B = 37333333333 B' = 291225600

C = 597333333 C = 335492

D= 10240000 D'= 414

E= 182044 ~J
p _ 33 ^ (J

8 tan-' ^= 0.303651561506

G= 61 1

20 tan-*- =2.837941092081

20 tan-* I = 2.837941092081
'

TT =z 3.141592653587

This value of '^ is true in all its figures except the last. The computation of

the terms is effected with great ease. Thus in the first series, B is found by

doubling A, subtracting from the result one-third of itself, and rejecting the last

two figures ; C by doubling B, taking from the result one-fifth of itself, and re-

jecting two figures ; and so on : while, in the second series, B' is found by multi-

plying A' by 144 (which is easily done on account of the repetition of the figure 4),

by taking from the result one-third of itself, and rejecting five figures : and, in

both the computations, various arithmetical contractions will suggest themselves

as the work proceeds.

Numberless other expressions for it might be obtained, and of any degree of

convergence whatever. Those given above, however, are preferable perhaps to

any others, on account of the simple form of k, and the consequent facility with

which it is managed in the computation. The following may be mentioned in

addition to those akeady given

:

3 OQ
^ = 28 tan-'- -t- 20 tan''^^ (19)

3- = 48 tan-* J- + 20 tan"*^^ C20)
79 22049 ^ ^

^ = 68 tan-*;^ + 20 tan-* -^- (21)
79 873121 ^ ^

. = 22tan-*i + 2tan-*^^^^^ (22)
/ 69049993 ^ ^
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.„ , -1 24478 , „^ ^ _i 685601
=
''^"

873121 + ^'^"
69049993

^^S)

-1 3 „„ _i 685601 .„..
: 88 tan-- -20 tan ^—^-^3 (24)

These all converge rapidly, and more especially (20), (21), (23), and (24).

Such, indeed, is the convergence in the last mentioned formula, that, in one of

the series arising from it, each term is less than a seven-hundredth part, and in

the other less than a ten-thousandth part, of the term preceding it ! The value

of k, however, for the tangent
g^Q^gggg

, is inconvenient in practice, being the un-

manageable decimal 0.0000985763636735639552 : and though this inconvenience

might be obviated in a considerable degree by tabulating the multiples of k by 2,

3, &c., up to 9, and thus facilitating its multiplication by the preceding terms of

the series in employing formula (11), there is little doubt but the computation

would be found to be easier by means of some of the other formulae already

given.
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XII. Ofthe Third Pair of Nerves, being thefirst ofa series ofpapers in explanation of

the difference in the origins ofthe Nerves of the Encephalon, as compared with those

which arisefrom the Spinal Marrow. By Sir Charles Bell, K. H., F. R. SS.

L. 4- Ed., M. D. H. Gott., &;c.

(Read 2d April 1838.)

It is not a little remarkable, that in an age which assumes to itself the cha-

racter of devotion to science, in anatomy, a science which embraces the best inte-

rests of humanity, this question should remain unanswered ; What is the mean-

ing of the nerves of the spinal marrow being in regular order and perfectly sym-

metrical : whilst the ten nerves arising from the brain present no similarity one to

another, and agree neither in origin, size, nor distribution ?

It is plain that we must be in the dark, not only with respect to the know-

ledge of the nervous system, but of the animal frame generally, whilst such a

question is open and courts inquiry, and yet remains without an effort being

made towards its solution. We must, I fear, attribute this neglect in part only to

the difficulty of the inquiry, and much to the indifference to aU that does not

tend directly to profit ; on which account it has the better demand on the atten-

tion of a learned and philosophical Society.

So far back as the year 1811, I ventured to announce this principle, that in

the nervous system a filament possessed the same endonmient, performed the same

function through its whole course, whether thatfilament be in a nerve, or tracedfrom

the nerve into the spinal marrow, orfrom the spinal marrow into the brain.

The truth of this is apparent as soon as expressed, and inquiries directed on

this principle have given it countenance and importance. It enabled me to shew

that what was called a common nerve, being such as was supposed to possess all

the vital properties, consisted of two nerves joined in the same sheath—one pre-

siding over motion, and the other the seat or organ of sensation. Following out

the principle, I found that the roots of the so-called " common" nerves differing

in function, arose from distinct columns of the spinal marrow, and that these co-

lumns corresponded with the roots of the nerves to which they gave origin. That

is to say, that the anterior of these columns presided over motion, and the other

over sensation : That they were distinct, but not separated in their course, and

preserved their parallelism and resemblance even tUl lost in the cerebrum. For

at the point where the anterior columns join, and decussate in the medulla
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oblongata, a similar junction and decussation takes place between the posterior

columns.

In tracing these columns upwards, we come on ground necessary to our pre-

sent inquiry, viz.—the Nodus Cerebri or Pons Varolii. This most conspicuous

part of the base of the brain is an intricate mass of fibres, whose commissures and

columns interweave, and to what purpose ? Can it be doubted that it is for gene-

ral union ?—in order that organs seated apart may be united through the con-

nection of their nerves ?

Below the nodus, the course of the columns is regular ; above it, the course of

the corresponding tracts is simple. Here, then, must be seated the mystery, since,

but for this intricacy in the nodus, order and simplicity would be displayed

throughout the whole nervous system. We are directed in this inquiry by another

(•ircumstance. When we consider the nerves of the Encephalon according to the

enumeration of Willis (which hitherto has been the acknowledged system), and

count them and describe their course, we find six sent to the eye ! The 2d, 3d, 4th,

5th, 6th, and 7th, wholly or in part pass into the orbit, into a space not larger

than a wallnut shell. It is obvious, that if we discover why these nerves crowd

into the orbit, the reason of the variety in the nerves of the base of the brain must

also be disclosed to us.

This consideration points to the organ which has most engaged philosophers

of every age and country—the human eye.

There are many reasons for considering vision as the compound operation of

the sense seated in the retina, and the sensibility to the muscular movement of

the eyeball. But without entering upon this demonstration, it is sufficient to

our present purpose that we observe the surprising power of muscular adjust-

ment of the eye in the direction of its axis to the sensation in the retina, or in

other words to the object contemplated—as when the attention is directed to the

minutest speck,—or the property by which the eye follows objects in motion, the

fliffht of a bird or the track of a bombshell.

Since, then, the relation between the motions of the eyeball and the sense en-

joyed by the proper nerve of vision is intimate beyond all comparison, and, I had

almost said, comprehension, our first inquiry may take this shape— Ought the

motions of the eye, so necessarily conjoined with the proper sense of vision, to be

trammelled by the complex relations of the general frame ?—those motions

which, from familiarity, appear the simplest possible, but which are in fact the

most complex. There is not a muscle in the body, nor a system of muscles, in

which combination to a very great extent is not necessary to action.

The spinal marrow is a system through which the whole body, and especially

the four quarters, are combined in action. There is not a limb stretched out

without a conforming motion and balancing of the whole body. Walking,

running, leaping, swimming, exhibit instances of this combination of the limbs,

VOL. XIV. PART I. F f
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and of the trunk in consequence. The whole active machinery of the frame is in

most intimate union.

If we consider the office of the eyes— the necessity for their free and uncon-

trolled motions—their sole dependence on the sensation in the retina—we shall

be ready to acknowledge that they must be relieved from the train of concate-

nated actions which occurs in every movement of the frame besides. Thus unem-

barrassed, the 7'ecti muscles of the eye are suited to that S3'Tnpathy, and that ex-

traordinary minuteness of accordance with the state of sensation in the retina,

which are necessary to vision.

Resuming the consideration of the columns of motion and sensation :—they

may be traced up into the cerebrum ; the great C7'us cerebin is formed of these

combined columns, as each diverges, and is lost in the hemisphere. The column

of motion is still anterior, so that the anterior part of the crus belongs to mus-

cular action, and the posterior part to sensation.

Now, considering that the essential difference in these columns is this—that

in the anterior, the course of impulse is outward from the sensorium commune,

and inwards, or towards the sensorium in the posterior, the origins of all the

nerves must conform, or the system is overthrown.

We look with increasing interest on the roots of nerves, as conclusive on this

subject.

The first nerve, the olfactory, being traced backwards, divides into three

roots, and disperses in the inferior part of the anterior lobe of the cerebrum,

without the intervention of the columns, and without interference with them.

The second or optic nerve, though in direct contact with the column of mo-

tion, takes no origin from it ; but in a long and circuitous course, under the name

of Tractus opticus, turns round the crus cerebri, to fall into the rear or back part

of the column of sensation ; and so, is combined with those nerves, through which

the impulse is towards the sensorium, or inwards.

Even on proceeding so far, it is fair to infer that a nerve of sense gives off

no branch—that it can communicate no endo'VMnent— that it is unequal to con-

fer either motion or sensation, or any property but that which is its limited of-

fice.

Further, if we take the pen, and trace the nerves of sense—the olfactory,

optic, auditory, and gustatory—we shall find them all avoiding the anterior co-

lumn, and falling into the back part of the sensitive column ; so that already in

part we perceive the cause of irregularity in the base of the brain, in the neces-

sity of the nerves of sense avoiding the anterior column, to gain the posterior or

sensitive column.

We come next to the Third Nerm. This nerve is distinguished from all

others ; its origin is peculiar, and its distribution limited. By universal consent,

it has got the name of motor oculi, being distributed to the voluntary muscles of
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the eye, and to none others ; so that it directs the axis of the eye in vision, both

controlling the muscles, and having the further property of conveying to the

mind the impression of the condition of the muscles. I entertain this idea because

it is a double nerve.

Its origi7i.—Our best authors describe this nerve as arising from the cms

cerebri, and so it does, above all the intricacies of the nervous system. It does

not enter into the mixture of originating filaments in the pons or nodus. It does

not communicate with the decussation in the medulla oblongata. It is in direct

communication with the brain. But its precise origin deserves more particular

inquiry.

As I have elsewhere shewn, that the crus cerebri consists of two columns, one of

motion, the other of sensation, and that the corpus nigrum divides these columns.

If a section be made of the C7ms, just anterior to the origin of the third nerve, we

shall find that we cut through the corpus nigrum. And now if we take the cu-

rette, and gently divide the two columns, and so separate them in the direction

towards the root of this nerve, we shall di\ade or split it, shewing that part of it

arises fi-om the anterior column, and part of it from the posterior column. If we
carefully dissect and lay out the third nerve, we have a very interesting view, as

illustrative of its function, and of the nervous system in general. The roots, as

they arise, and for some way in their course (see Plate XIV., Figs. 1 and 2),

are in round distinct cords, running parallel to each other. They then join to-

gether, and form a dense body, in which the filaments are separated, rejoin, and

are matted together, after which their progress is as a common nerve. Their dis-

tinct origin from the divisions of the crws—the two distinct fasciculi of parallel

fibres—the course of these for some way without exchange of filaments, and

then afterwards running into intimate union— are circumstances of much inte-

rest, as shewing the distinction of the crus cerebri the distinct nature of the roots

of the thu'd nerve, and that it is a double nerve, dedicated to the finer motions

of the eye, peculiar in its structure, and yet in conformity with the system which

I have followed. *

A question is naturally suggested here, Is the third nerve a sensitive nerve,

as well as a motor ; and if so, how comes it that there is no regular ganglion on

the root which it receives from the sensitive column ?

This would incline me to believe, that the ganglionic root is an organization

on the spinal nerves and fifth pair, suited to that sensibility which the body uni-

versally and the surface especially enjoys, which gives pain, and becomes a guard

upon the fi*ame.

* Tlie objection which will be naturally suggested, is, that the abducens nerve arises behind the

pons. We shall afterwards shew why it does so. And, let it not be forgotten, that the relations of

this nerve are the cause of frequent disturbance to the condition of the eye, a consequence, certainly, of

its greater complexity-
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At the same time, it will not be overlooked, that the texture of the nerve at

the union of the fasciculated roots very much resembles the texture of the spinal

ganglion (Fig. 2, D). The difference may be reasonably attributed to the distinc-

tion in office, i. e. that it has no reference to the sensibility of the surface, but

only to the condition of the muscle.

The very peculiar and unique position of the roots of this third nerve, whilst

it places the function of volition directly in communication with the sensorium,

and unembarrassed by communication with other nerves, has also this superior

advantage, that it is in direct relation to the sensitive column. This connection,

as I have just said, has no reference to common sensation, for the nerve is strictly

limited to the muscles, but only to that property of estimating the condition of

muscular activity.

We pass on to the consideration of the Fourth Nerve. To comprehend its

relations, we must take a wide range, and a different course.
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XIII. Of the Origin and Compound Functions of the Facial Nerve, or Portio dura

of the Seventh Nerve;—being the Second Paper in explanation of the diffe-

rence between the Nerves of the Encephalon, as contrasted with the regular

Series of Spinal Nerves. By Sir Charles Bell, K. H., F. R. SS. L. S^ Ed.,

M.D. H. Gott., Sfc.

(Read 9th April 1838.)

In following out the principle formerly laid down—that the study of the

organization and functions of the part to which the nerve is distributed, will

explain the peculiarities of its origin and connections— I have in this paper en-

tered on a subject of great extent and difficulty.

As the Facial Nerve is one of a distinct class, it will be necessary to shew

in what that class is peculiar—that it essentially belongs to the act of breathing

—that the act of respiration being, in its ordinary condition, independent of the

wiU, there are nerves appropriated to that function. At the same time, it must

be shewn, as the apparatus of breathing is made subservient to other piu-poses

in the economy, by what relations it is brought under the influence of the will.

The excited act of breathing extends to the features of the face; and the

face, so influenced, is especially the seat of expression. The same parts are the

instruments of speech. Hence, it appears, that the nerve which animates the

features must have a compound root. It wiU be my object to shew that the

facial nerve has an origin corresponding with its complex operations.

It has been affirmed that I have given up the term Respiratory Nerves.

This betrays an ignorance of the whole subject. But as it may have arisen

from my imperfect description, I beg the Society to permit me to illustrate this

subject, as the necessary foundation of what I have to offer on the nerve of the

face. In an inquiry of this kind, the observation of natural phenomena is more

agreeable, and more conclusive, than experiments on living animals. With this

object, let us notice the actions of the frame at a time when sense and volition

are withdrawn.

It is sometimes the severe duty of the physician to watch the act of dying,

and to mark its successive stages. A man is not dying, whilst yet the respira-

tion is unembarrassed. But whether he die from violence and loss of blood, or

by gradual exhaustion and lingering disease, the act may l)e said to commence

with an excited state of the respiratory organs.

When the vision is clouded, and the eyes want speculation or direction, and
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the hand is insensible to the pressure of affection, then the chest rises high at

each inspiration, and the muscles of inspiration are prominent in action.

When, through increasing insensibility, the limbs lie relaxed and powerless,

the muscles of the shoulders, neck, throat, and nostrils, are visibly excited, and

at each inspiration (although we cannot say there is effort, that being an in-

fluence of the mind), yet each fibre of the class of respiratory muscles is like a

cord in violent tension.

When the decay of life reaches the respiratory system, it fii'st affects the

lesser muscles which expand the air-tubes, the muscles of the glottis and vdum

palati lose their tone, and these parts becoming relaxed, vibrate in the inspira-

tion of the breath, and cause stertor.

At length the regularity of the respiration is disturbed—there is an inter-

val between the inspiration—the interval is prolonged and kregular, and the

action returns with sudden violence, every muscle starts convulsively into action,

but with no voluntary effort or struggle. The longer the interval of rest, the

more sudden and startling is the return of action, and when we deem all

at rest, once more the breath is drawn. At last the action ceases in the chest,

whilst yet the throat and cheeks are pulled with a regular succession of actions,

and the last fibre which answers to the presence of hfe, is the Risorius Sancto-

I'ini and muscles of the nostril. Two or three times the Risorius is drawn with

spasmodic twitchings, and then all is still. It is the ultima moriens.

We can hardly miss noticing the resemblance here to natural sleep, the ab-

sence of all sense and voluntary motion, and the continuance of the respiration

by a property of action which knows neither lassitude nor debility.

In a Society which does not reject the cultivation of literature with science,

I may be permitted to quote the beautiful description of Haller :
" Nocte re-

deunte sensim torpor percipitur in musculis longis, ineptitude ad cogitationes se-

veriores, amor quietis in animo et corpore. Tunc peculiariter vires corpus erec-

tum tenentes laborant, et oculi nolentes clauduntur, et maxilla inferior pendet,

et oscitationis necessitas ingruit, et caput antrorsum nutat, et objectorum exter-

norum actiones minus nos adficiunt, et denique turbantur idese," &c.

But, whilst the body, as far as it is subject to the mind, or subject to change

through the will, or through passion, is thus at rest, a class of muscles of great

extent, seated remote from each other, are combined in simultaneous action. No

weariness or exhaustion reaches them. They are most perfect, most regular in

action, whilst all besides are at rest.

Thus, we may contemplate the body under two conditions : First, Where all

is animated, sensitive, and expressive : Secondly, Where the body has the sem-

blance of death, and the active powers are at rest. It is natm-al to seek in the

anatomy, and especially in the nervous system, for some correspondence in the

structure : nor shall we have far to seek.



OF THE FACIAL NERVE. 231

Having distinguished that symmetrical system of nerves, the functions of

which are sensation and volition, we find nerves which at first appear super-

fluous. But these superadded nerves, although they produce, when entangled

with the others, the appeai-ance of extreme intricacy, are, when taken separately,

regular also. For we trace all to a centre, and that centre giving them an origin

and a source of power different from the other nerves.

When we see to what order of parts these nerves are distributed, it is impos-

sible to refuse to them the term of Respiratory Nerves. The distinction of ani-

mal functions from vital and natural, has always been noticed, and the distinc-

tion explained on the supposition of distinct nerves ministering to each ; which

suggestion was resigned, because anatomists would not agree to any such distinc-

tion of nerves. Nevertheless the reasoning was just, and the objection of the ana-

tomists unfounded.

Comparative anatomy affords us the most pleasing view of this respiratory

system. From the lowest link of the chain of beings to the highest, there is a

progressive series of nerves, increasing in complexity. It is natural to inquire,

On what does this complexity depend ? In the lower link of the chain of animals,

we see the essential operation of decarbonization performed by the contact of air

with the fluids circulating over all the fi-ame. We see the same object attained

by a sac or cavity, which admits the air, and which sac alternately opens and

closes again in other creatures ; such cavities communicate with the atmosphere

through prolonged and intricate tubes. Witnessing aU this, we also perceive the ne-

cessity of new nerves of connection. When we further see a new power or faculty

bestowed by means of the air which plays through these tubes—^voice issuing by

their vibration ; when we observe that the air drawn through the tubes is diverted

into another channel, and made subservient to smeUing ; when, still ascending to

the highest link of the scale, we find the faculty of speech bestowed through the

same means,—it would be strange, indeed, if anatomy did not in the same as-

cending scale disclose an increasing number of nerves.

Again, in the mouth and in the throat are two passages. How shaU the one

only admit air, and the other food ? How shall breathing, deglutition, and speech,

coughing, vomiting, be performed, each action differing from another, in the ar-

rangement of some fifty muscles of these tubes ? How are these actions ordered,

but by a minute and seemingly intricate supply of nerves ?

In all animals, man included, the same symmetrical system of nerves, un-

varying in any essential circumstance, is devoted to sensibility and locomotion.

But the other system, that which is superadded, varies in a remarkable manner

;

comparatively simple in the animals which merely breathe, complex when the

organs of breathing become instruments under the will, they are at once essential

to life, and in their higher office minister to the qualities of mind. It would be a

strange anomaly, if, with these new faculties, sympathies, and relations, there
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were not also an increasing complication of nerves. This intricacy, this fine de-

pendence of the functions, render experiments delusive and unsatisfactory. For

we may divide a nerve, one which appears to our conception essential, and no conse-

(|uent results ! We cut a nerve going to the tongue or the throat, and the animal

breathes, barks, and swallows. It would be dangerous therefore to conclude that

the nerve were superfluous. It is only by an enlarged view of the anatomy that

we shall be brought to just conclusions.

From this system I have to select one nerve, and shew how through it, two

distinct offices—vital respiratory actions, and voluntary actions—are combined

in the face.

The base of the brain being carefuUy taken out, without tearing the roots of

the nerves, and the whole being for a twelvemonth preserved in spirits, we may
commence the dissection. The medulla oblongata and 2)ons vaivlii being cleared

of their membranes, and the places of the sixth and ninth nerves noted, we

clear and arrange the filaments of the eighth pair, and the portio dura of the

seventh.

We see thefacialis or portio dura of the seventh nerve coming out from the

depth between the convexity of the pons or nodus cerebri, the corpus olivare, and

the root of the auditory nerve. This nerve we have now to trace inwards, and

in the substance of the pons or nodus.

We shall not find this nerve arising in separate filaments, but in a flat layer

of nervous matter, which fan-like spreads into the nodus.

To understand the fuU consequence of this form of the root, we must make

a section of the nodus or pons, to shew the manner in which the motor tract ex-

pands within it. Previous to this let the sixth nerve, and portio dura of the

seventh, be thrown forwards, and the glosso-pharyngeal and nervus vagus laid

aside. If we now dissect close round the corpus olivare, the motor column will

be found bending round that body ; and now, by following the root of the portio

dura inwards, its origin from the column of voluntary motion wiU be apparent.

One portion diverging towards the sixth nerve, the other towards the glosso-

pharyngeal nerve. See Fig. 3, (6, 7, and 8,) also Fig. 4, in which the relations of

the nerves are made more distinct. By proceeding differently, we obtain a bet-

ter view of the common origin of the eighth pair and poi'tio dura. Cut across the

processus ad cerebellum, and open up the fourth ventricle. Trace the roots of the

eighth pah- inwards. You find the column from which they arise in the form of

a tractus ascending to the corpora quadrigemina, the vahula cereb7n forming the

commissure of the two respiratory tracts. From this tract the portio dura, now

viewed from behind, will be seen to take an origin.

We may now have a view of the relation of the respiratory nerves to the

sensitive column of the medulla oblongata, either by tracing up the sensitive column

from the spinal marrow, or by tracing down the sensitive root of the fifth nerve.
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We shall now find that the eighth pair, that is to say, the nevms mgus and glosso-

pharyngeus, is situated so as to draw roots from the sensitive column.

By such a mode of dissection, it will be found that the facialis or portio dura

of the seventh nerve has du-ect connection with the motor and respiratory columns,

and hardly less directly is related to the fourth and sixth nerves.

The facial nerve, thus arising, allies itself with the auditory nerve, and passes

into the temporal bone. In its passage through that bone, it exchanges fibres

with the branches of the fifth nerve, and after some intricacies, escapes by the

stylo-mastoid foramen, to expand upon the cheek, and finally to reach every

part on the side of the head, with the exception of the muscles of the jaws. Al-

though its connection on the side of the neck countenances the view I am about

to give of this nerve, yet we must draw our inferences chiefly from the origin and

functions of the nerve.

Of the Fmiction of the Facial Nerve, or Portio Dura.

In the facial nerve we have an organ of most complex operation. It com-

bines the passages with the great internal organ of respiration. It animates the

lips and cheeks in combination with the organs, so as to give both speech and

expression. It is the source of all the sympathetic actions which illuminate the

features in unison with the condition of the mind. It has some remarkable effects

on the eyes, which subject we shall reserve to be taken apart from the present

inquuy.

That the facial nerve is the respiratory nerve, I early shewed, by dividing it

in brutes ; when, although sensibility remained, all action in the face was cut off'

excepting the motion of eating. Many occurrences in the practice of my profes-

sion have exhibited the same results from the same cause in man.

Though one of the most celebrated philosophers of our day, Dr Young, asked

rather querulously, " What had the face to do with respiration ?" yet must it be

obvious (unless, indeed, the mind be exclusively engaged in observing the chemi-

cal phenomena of the economy), that the tubes which give passage to the air,

being soft and pliant, and subject to the pressure of the atmosphere, must be

dilated, and their sides held apart by muscular action. How also are they to ad-

mit of breathing, and more especially, how is the expansion of the tubes to be

adapted to the excited condition of breathing ? I have already alluded to the ster-

tor consequent on the relaxation of the tubes in apoplexy. And when this nerve

is deprived of power, we find the relaxed lips playing in the act of breathing like

the flapping of a sail.

It will not therefore be again asked, why a branch of that system of nerves

which animates the organs of respiration extends to the lips and nostrils, as othei'

branches tend to the velum palati, the throat and larynx.

VOL. XI v. PART I. Gg
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Considering the nerve in this, perhaps its most important function, that is

operating upon the tubes or passages for the breath, during sleep and insensibility,

we have next to contemplate it, as combining the effort of the wiU in unison with

that of respiration. It is in this combined exercise that we have to be most grateful

for the effect,—the vibrations of the tubes modulated into articulate language,

—

the performance at once of that function most necessary to existence, and that

faculty of speech essential to the developement of the powers of the mind as the

instrument of thought.

Finally, the facial nerve is the source of expression. If the properties of

this nerve through any accident be lost, accidentally cut across, pressed on by a

tumour, or engaged in inflammation, the corresponding side of the face remains

motionless and blank. The cheeks and lips are blown out like a window-bUnd.

They have neither tension nor action. Expression, whether in laughter or in

tears, and all the intermediate conditions, continue to influence the other side of

the face, but with frightful distortions, puUing upon the side which has lost

power.

There are instances recorded, now that the cause is understood, of entire

loss of expression on both sides of the face. A young woman, in whom the roots

of the nerve on both sides were involved in disease, exhibited the most distress-

ing consequences,—for whether she laughed or cried, the features were immove-

able. She laughed under a mask, a sad thing to witness, a light heart behind a

face in the repose of death.

There is an anunation coincident with speech, and a reflection of the mind in

the human countenance, at all times. We have the full sense of this only fi*om the

effects of this nerve being cut, for then the features are completely fallen, more

divested of expression than a mask or a bust, for it is not the fixed state of a

stat^ie which has meaning, but something worse than death.

If this condition of total inaction continue, the plumpness of the face is lost,

and the skin becomes like a piece of parchment stretched over the bones. It is a

remarkable thing to see, in one sense, the Ufe and sensibility of the parts remain-

ing, whilst there is a ruin of all which is a reflection of the mind. The muscles

of the jaws, however, remain as powerful and active as before, having their energies

excited through the nerves of the other system.

We now perceive the correspondence between the roots of the facial nerve

and the offices it has to perform in the face. We recognise its double roots, its

relation to two distinct colmnns in the performance of two distinct functions.

We perceive its lively subjection to the wiU, because of its relation to the motor

column, whilst its origin in common with the eighth pair of nerves explains to

us how it is that the nostrils and lips move simultaneously with the other parts

engaged in the act of respiration ; in other words, how the vital actions through
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the influence of this nerve are continued during the repose or annihilation of sen-

sation and volition.

It is not possible to account for all the finer operations of the features by the

investigations of anatomy. Yet we see that this nerve arises in most peculiar

circumstances, that its roots are connected with the nodus cerebri, a name well

chosen, since in it, without exaggeration, fibres are crossing in every possible

direction. We may display these fibres, and we may suppose that each filament

has its influence ; but it is better to stop short of conjecture, and to rest on the

demonstrated fact that this nerve is special, in one sense a double nerve, not, how-

ever, like the double nerves of the spine, where action and sensibility are con-

joined, but double in as far as two modes of action are effected through it ; one

independent of mind, the other answering to its slightest emotions.

There is indeed nothing more remarkable than those distinct offices, and that

variety in the motion of the features, arranged and controlled through a single

nerve not larger than a thread, combining the features in the general act of re-

spiration, giving utterance in speech, and indicating every degree and variety of

emotion.

I had at one time been deceived into the belief that laughter, and all the

changes of the face indicative of what is pleasurable or ludicrous, were but the

result of the degrees of relaxation of the muscles, as it were a defect of action.

Such an opinion is untenable when we perceive the consequences of the loss of

this nerve, for its defect of influence, so far from giving place to a smile, reduces

the features at once to the most painful and melancholy relaxation.

Laughter, and all the changes of the countenance indicative of pleasurable

emotion, are neither the effect of relaxation nor of spasm incidentally produced.

It is a balanced condition of the features, in which certain muscles are in activity,

whilst others are thrown out of action. In the painful emotions, still influencing

the features through the same nerve, another classification of muscular actions

takes place ; some muscles in tension, others incontroUably relaxed, both condi-

tions, and all the intermediate states, are designed as the outward signs of passion

;

and from which are afforded the highest and the most unceasing gratification, a

language which is the charm of life, and the bond amongst men.

But I am somewhat trespassing, and deviating from the proper object of the

paper, which was to shew in what the facial nerve or portio dura is distin-

guished from the symmetrical nerves—that it is in a different sense a compound

or double nerve, and that its roots correspond so far with its various functions.

In my next paper, I shall endeavour to shew the necessity of combination

between the Facial Nerve and those which enter into the orbit.
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EXPLANATION OF PLATE XIV.

Fig. 1, A, B, Section of the Crus cerebri.

A, Motor column.

B, Sensitive column.

C, The Third Nerve, arising from both columns.

D, E, Tractus opticus, passing round the motor column.

Fig. 2, A, Section of right Crus cerebri.

B, Distinct fasciculi of the Third Nerve, arising from the muscular column.

C, Similar fasciculi of the nerve arising from the sensitive column.

D, The union of the fasciculi in a dense ganglionic texture.

Fig. 3, Represents the origins of the nerves from the Pons Varolii and Medulla Oblongata.

5, The Fifth Nerve in its two portions.

6, The Sixth pair ; the nerve of the right side unravelled.

P. D, 7, The Portio dura of the Seventh Nerve.

P. M. 7, The Portio mollis.

8, The Glosso-pharyngeal, Nervus vagus, and Spinal Accessory, forming the Eighth pair.

9, The Lingualis.

The foramina, both large and numerous, mark the provision for the entrance of blood-

vessels, from which we may deduce the vital importance of the nerves.*

Fig. 4, An enlarged view of the roots of the Sixth, of the Portio dura or Facialis, and of the Glosso-

pharyngeal nerve.

A, The Pyramidal body.

B, Corpus olivare.

* Consult the interesting paper by Sir Asihty Coofer on the obstruction of the Vertebral Arterv.
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XIV, Of the Fourth and Sixth Nerves of the Brain ;
—being the concluding paper on

the distinctions of the Nerves of the Encsphalon and Spinal Marrow. By Sir

Charles Bell, K. H., F, R. SS. L. 4- Ed., M. D. H. Gott., 8fc.

Read 7th May 1838.

Interesting as theoptical properties of the eye have been to philosophers

in every age, there are conditions of this organ which are no less curious, and

which have not had their share of attention.

In the year 1823, I introduced the subject to the Royal Society of London,

nearly in the terms I am now using, but there is much more in the subject than

I then conceived, although I see no reason to change the mode of contemplating it.

The eight muscles of the eye, and the five nerves, exclusive of the optic

nerve, which pass to them, imply the complex nature of the apparatus exterior

to the globe, and I fear it is too plain that the subject has not been satisfactorily

treated.

It is chiefly with respect to the protecting motions of the eye that the diffi-

culty occurs, for I hope the dependence of the proper organ of vision on the vo-

luntary muscles of the eye, has been proved and acknowledged.

Permit me to draw the attention of the Society to what appears a very sim-

ple piece of anatomy, the circular muscle which closes the eyelids, orbicularis

palpebrarum.

It will be necessary to divide the muscle into three parts—and that not in

an arbitrary manner, but according to the action of each division.

Around the margin of the orbit, there is a portion of the muscle red, fleshy,

and strong—within it, and lying on the eyelids, there are fibres, Avhich though

they converge to the same point in the angle of the eye, are distinguishable from

the outer circle by their delicacy and paleness. Lastly, the ciliaris is a thin slip

of muscle which lies along the margin of the lower eyelid.

These divisions of the muscle authorized by Albinus and others, have dif-

ferent actions and different relations. The larger and external circle is brought

into action when the eye is irritated or excited. The lesser paler fibres gently

close the eyelids as in sleep, or in winking when the eyelids fall together in their

usual rapid closing, to moisten the surface of the cornea,—an action which is

quite peculiar, and so quick as not to interfere with the permanence of the im-

pression on the retina.
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The ciliaris draws the lower eyelid horizontally, and belongs properly to the

sacculus lacrymalis, squeezing and emptying the sac.

Let us observe the necessity of certain relations between the larger and

fleshy circle of the orbicularis when the eye is excited, as when something offen-

sive is thrown into it. It is here necessary to notice the resemblance in action

of the human eye to that of quadrupeds which possess the haw.

In the caruncula lacrymalis and memhrana semilunaris, we have an appara-

tus less perfect, certainly, than that of the horse—but for the same pm-pose, to

gather together and thrust out what is UTitating the eye.

To the exercise of these parts, however, other muscles must consent, so that

the cornea shall be turned in towards the inner canthus of the eye at the moment
that the eyebaU is forcibly squeezed by the action of the orbicularis. The diffi-

culty which the oculist encounters, is to prevent the cornea turning into the

lesser angle of the eyelids ; for this direction of the eye towards the nose, is

taken the instant that the knife or needle touches the eye. This action of the

muscles which is a provision for the protection of the eye, is often the source of

mishap in operation.

The position of the eyeball in which it is drawn towards the os planum, and

the axis turned inwards, could not be the effect of the external orbicular muscle

alone—nor could it be performed by the combined action of the recti. It is ob-

vious that a relaxation must take place in the rectus externus or abducens muscle.

How is this relaxation to be effected in correspondence with the action of the

larger or outer portion of the orbicularis f There is no direct connection between

these muscles: they do not touch: no nervous filaments pass between them.

We must therefore turn to the origins of the nerves which supply these muscles.

We find them related at their origins though proceeding by different courses to

their destination.

Here let us consider the nature of that relation which exists between two

classes of muscles engaged in any action. I mean not those only which are ex-

cited together to contraction, but those also which are relaxed, and which re-

laxation is as necessary to the effort or movement, as the contraction of their op-

ponents.

In every action there are two conditions of the muscles, and philosophically

considered, both might be called states of action, for that which is called relax-

ation, is not like the throwing loose of a rope which gives no resistance, but

a condition of yielding, apportioned in the finest degree to the state of contrac-

tion of the other class.

This relation established between the two opposite classes of muscles is not

always as in the limbs where they lie in juxta-position,—but often, more espe-

cially where the muscular action is related to the internal functions, muscles

may be far apart, which yet through nervous connection are in intimate cor-
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respondence, though in opposite conditions, the one contracted, the other re-

laxed.

And now as to the motions of the eye, we cannot be surprised if the mus-

cle exterior to the eyelids, and the muscle lying deep in the socket should be re-

lated in the condition of relaxation and contraction, and that the relation should

be established through the connection of their respective nerves at their roots

—

this is the matter to be enquired into.

Let us now attend to the relation of the lesser portion of the orbicular mus-

cle—^that paler set of fibres which lies on the eyelids.

When we recollect that the margins of the eyelids in closing, touch only at

their outer edge, and that when closed, a gutter is left between them and the

cornea, the winking of the eye, far from clearing the surface of the cornea, would

suffuse it, by leaving the tear upon it, were it not that in the act of winking the

eyeball is turned up. It is by this revolving of the ball, that the cornea is moist-

ened and wiped clear.

How is this revolving motion of the eyeball accomplished ? No action of the

eyelids could produce this effect. It can only be done by the action of superior

rectus or inferior oblique. It is not performed by the superior rectus, which I

determined, by cutting that muscle in a monkey, when the upward rolling of

the cornea continued accompanying the effort of the eyelids to close.

The two oblique muscles being opponents, the relaxation of the upper one

will give power to the lower one, so that we have, as before, to seek for a relation

between the paler fibres of the orbicularis and the superior oblique. The supe-

rior oblique stands in the same relation to the internal and paler circle of the

orlicularis that the abducens or rectus externus does to the stronger exterior circle

of the same muscle.

Thus brought to acknowledge the relation between the muscle seated on the

eyelid and external, to a muscle seated deep in the orbit, and seeing no direct

connection between them, we must turn once more to notice the relations which

establish the connection at the roots or origins of their respective nerves.

By such study of the muscular apparatus of the eye, and their actions for

the protection of the organ, we are following out the principle, that the structure

and action of a part will direct us to the peculiarity of its nerves. That the eye

stands distinguished from the other organs of sense by the multiplicity of its

guards, is owing to its extreme delicacy of structure, and its necessary exposure.

In my second paper, I had occasion to notice that thefacial nerve, or portio

dura of the seventh, coming circuitously through theforamen stylo-mastoideum to

supply the face, is the nerve also of the orbicularis palpebrarum, or, in other

words, of the exterior muscles of the eyelids. It was also noticed, that the/«-

cialis at its origin is in direct relation with the sixth or abducens nerve. Now,
this sixth nerve takes a dhect course forwards into the bottom of the eye-socket,
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crosses all the other nerves, and, though crowdmg with them into the orbit, forms

no relation Avith them, but is altogether given to the abductor muscle.*

Again, in following the root of the facialis, and especially that portion of it

which arises from the respu-atory tract, we find a relation established between it

and the root of the fourth nerve or trochlearis ; and this delicate nerve passes for-

ward like the other, enters the /o:''amen lacerum, and gains the bottom of the or-

bit, touches no other nerv^e, but is wholly given to the STiperior oblique muscle.

If an objection should be made to the circuitous course of these nerves, as

the source of the relations between the muscles, how else are the sympathies to

be accounted for ? and what interpretation are we to put upon the fact, that

wherever there are 7'ecti and oUiqui muscles of the eye,—wherever the eye pos-

sesses protecting motions, we find the same arrangement of the third, fourth, and

sixth nerves, from man downwards.

f

Surely it is time to read off the anatomy of the nervous system,—to seek for

the relations of parts tlirough theu* nerves,—to ask om'selves why there are such

deviations in their course,—and why these deviations are constant, not in indivi-

duals only, but in the different classes of animals ? If, with this view, we ask

ourselves Avhy the facial nerve takes a course different from the fifth, the func-

tions of the part to which it is distributed do sufficiently inform us, that the fea-

tures must be joined in sympathy or unison with the act of respiration. If we
inquh-e why its branches reach to the eyelids, to the very part through which

the branches of the fifth pass, we have only to notice the necessity for a guarding

action of the eyelids in all excited conditions of the respiratory system. I need

not here repeat my former observations.

In the same manner we may interpret the course of the spinal accessory

nerve, or the reverted course of the recurrent of the par vagiim.

In looking generallj^ to the remarkable deviations in the course of the nen^es,

we shall find that they are confined to those which join distant parts in the act

of breathing, or modify the act of breathing, as in speaking, swallowing, &:c. No

such irregularities are found in the system of nerves wliich minister to voluntary

motion and sensation. They are distributed with a perfect symmetry or regu-

larity.

And in the orbit, if we take away the respu*atory of the face (the facialis),

and the nerves resulting from that connection, viz. the fourth and sixth, the in-

tricacy of the orbitary nerves is removed ; there would remain one for vision,

another for common sensibility, and a third for motion.

* Where there is a retractor muscle, this abducens nerve supplies it, which strengthens the sup-

position of a relation between the retraction of the eye and its simultaneous direction inwards.

I Taking tlie factd of the anatomy into account, and the actions of these muscles, the subject be-

comes of great interest, as connected with the expression in the eye.
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In conclusion, and in explanation of the marked difference in the origin of

the nerves of the spine and of the encephalon, we shall find that it is principally

owing- to the columns of motion and sensation.

1. All the nerves of Sense,—the olfactory, optic, auditory, not excepting the

gustatory, though running into the base of the brain, must deviate from the an-

terior column, which is that of motion ; and, accordingly, they twist round that

column to enter directly into the sensorium (as the olfactory does), or to associate

with the column of sensation, like the optic tractus, and roots of the auditor}^

nerve.

2. The next source of irregularity of form and apparent intricacy in the base

of the brain, is a consequence of the various sensibilities and active powers of the

eye and its appendages, which require no fewer than six nerves to this one organ

!

Hence the ophthalmic of the fifth nerve, in addition to the proper optic nerve,

—

hence the motor independently of the fifth,—hence the sixth and the fourth, to

associate the deep and superficial muscles of the eye and eyelids.

3. Another som-ce of intricacy is the intrusion, as it were, of the fifth nerve

among those of the encephalon. The fifth, a nerve of double root, a sensitive

and motor nerve, a nerve with a distinct ganghon on its posterior root, I early

announced to be a spinal nerve, that is, the anterior or (in the human body) the

superior of the spinal nerves. This nerve not only giving motion to the jaws,

but being the nerve of sensibility, mingles its branches with every other nerve,

goes every where in the head and face, and enters into every organ, and is there-

fore a source of exceeding great intricacy, until the just principle be obtained.*

4. Lastly, a main source of intricacy in the nerves of the base of the brain, and

of the whole nervous system, is the existence of a distinct source of motion inde-

pendent of volition, and yet necessarily conjoined to it,—a source of power which

shall govern the act of respiration, and yet permit a union of the apparatus of

breathing with those of speech ; for example, the necessity of joining the motion

of the features with the pneumatic office of the lungs, being the cause of that

deviation which we perceive in the facial nerve from those of simple volition.

In short the double origin and double function of the nerves of the spine is

the reason of their uniformity and simplicity of distribution. The nerves of the

brain differ from those of the spine, and from each other, inasmuch as each has a

peculiar endowment, and necessarily a distinct origin. They therefore vary in

course and distribution, and hence their apparent intricacy.

* The discovery of this fact has been caught at by men, as incapable of the induction which led to

it, as of following it up in its consequences.
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XV. Inquiry whether Sea- Water has its Maximum Density a fen Degrees above

its Freezing Point, as Pure Water has. By Thomas Charles Hope, M. D.,

V. P. R. S. E., F. R. S., Professor of Chemistry in the University of Edin-

burgh.

Read 2d April 1838.

Sir Charles Blagden concludes a memoir in the Philosophical Transactions

of London, vol. Ixxviii., for the year 1788, " On the Effect of various substances

in lowering the Point of Congelation in Water," with the account of an experi-

ment to determine the effect of salt upon the expansion of water by cold.

From that experiment, he imagined that he had reason to conclude, as far as

one experiment goes, that the combination of a salt with water has no other effect

upon its quality of expanding by cold, than to depress the point at which that

quality begins to be sensible, just as much as it depresses the point of congelation.

The scientific world appear to have admitted this general deduction of Blag-

den, and, trusting to the result of a single experiment, extended it so far as to

lay it down as a general law, that, as pure water has its maximum of density at

7^° above its freezing point, so every saline solution has a maximum of density

at a temperature above its point of congelation, and that this temperatm*e will be

exactly 7^° distant from the freezing point of the solution.

The water of the ocean holding in solution saline matter of different kinds,

was believed to obey the same law to which the solutions artificially made were

supposed to be subject ; and as the congealing point of sea-water was alleged to

be, at an average, about 29°, it was consequently imagined that it had its maxi-

mum density at nearly 36^°.

As sea-water collected in different latitudes, at different depths and at dif-

ferent distances from shore, contains different quantities of saline matter, its

point of congelation must be liable to variation, and with it the temperature of

its supposed maximum of density.

Every one conversant with the writings of Count Rumford, will remember

how much use he makes of the strange anomaly in the constitution of water to

account for several interesting aqueous phenomena of Nature ; and several writers

on oceanic occurrences have availed themselves of the belief that the same ano-

maly exists in sea-water, and employed it to explain several hydrographic facts

of curiosity and interest, and, in particulai', some remarkable currents in the

ocean.
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When it is considered that a general law has been deduced from, and much

reasoning on natural phenomena founded upon, the solitary experiment, it is a

matter of surprise that no one thought it necessary to investigate the matter more

fully than Sir Charles Blagden had done, either at the period of the publication

of his paper in the year 1788, or during the succeeding thirty-one years.

Dr Marcet, in his memoir on the specific gravity and temperature of sea-

waters, in different parts of the ocean, &c., Philosophical Transactions for 1819,

records some experiments relative to this matter. He operated in two modes

—

first, by examining the specific gravity at different temperatures, by means of the

weighing bottle ; and, second, by observing the apparent changes of volume in a

thermometric-like vessel. From these experiments, he inferred, that sea-water

does not expand when cooled from 40° to its proper freezing point, as fi-esh-water

does. In spite of these experiments of Marcet, the opinion derived from Blag-

den continued to prevail.

The Annalen der Physick und Chemie of Poggendorf, for the year 1828,

contains a dissertation by Mr G. A. Erman junior, entitled " Observations on the

Expansion of Salt-water by a temperatm-e between + 8° and — 3" R. rr 50° and

25^° Fahr. From his experiments he came to the same conclusion which Marcet

had adopted.

Having taught the doctrine of Blagden for half a century, I felt unwilling to

relinquish it upon the authority of the experiments of Marcet or Erman, to

the latter of which my attention had been called last summer by the allusion

made to them by Mr Lyell, in the last edition of his Geology, and therefore de-

termined to investigate the fact by experunents upon artificial solutions, and the

natural one presented in sea-water.

I shall preface the detail of my own experunents by a more particular ac-

count of those of Blagden and Erman than the short allusion already made to

them.

I beg leave to quote the words of Sir Charles Blagden, Philosophical Trans-

actions, vol. Ixxviii. for year 1788, p. 311. "I shall conclude this paper with the

account of an experiment to determine the effect of salt upon the expansion of

water by cold. Pure water begins to shew this expansion about the temperature

of 40°, that is 8° above its freezing point. I put a solution of common salt, in the

proportions of 4.8 parts of water to one of the salt, and consequently whose freez-

ing point was 8f°, into an apparatus I had used for other experunents of the same

kind, and found that the solution continued to contract tUl it was cooled to 17°,

but had sensibly expanded by the time it was cooled to 15°. Suppose the expan-

sion to have begun at 16|°, it would be just 8° above its new freezing point.

Hence we have reason to conclude, as far as one experiment goes, that the com-

bination of a salt with water has no other effect upon its quality of expanding by
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cold, than to depress the point at which that quality begins to be sensible, just as

much as it depresses the point of congelation."

Sir Charles does not describe the apparatus which he employed ; he only

says that he introduced the solution of salt into an appai-atus he had used for

other experiments of the same kind. I have no doubt the apparatus was a vessel

of glass, having a comparatively slender neck, in which small variations in bulk

of the contained fluid could be easily discerned, analogous to that originally em-
ployed by Dr Crone in 1688 to demonstrate the expansion of water as it ap-

proaches the freezing point.

It is familiarly known, that when water at temperature 50°, included in such

an apparatus, is exposed to cold, it descends in the stem till its temperature

reaches the 41°, and continues nearly stationary while the temperature falls to

39^° ; but when the temperature of the fluid declines below that point, the water

begins to rise in the stem, and continues to do so as the temperature sinks to

the 32°.

From the detail of Sir Charles above quoted, it appears that, having intro-

duced a solution of common salt, in the proportion of 4.8 parts of water to 1 of

the salt, and whose freezing point was consequently 8f
° into the apparatus, he

found the solution continued to contract till it was cooled to 17°, but had sensibly

expanded by the time it was cooled to 15°. As no mention is made of the con-

tinuance of the experiment, we are led to conclude that it terminated at this

point. But from it he considered himself wan-anted, as far as one experiment

goes, to draw the conclusion, that the combination of a salt with water has no

other effect upon its quality of expanding by cold, than to depress the point at

which that quality begins to be sensible, just as much as it depresses the point of

congelation.

Relying upon this experiment, subsequent ^\Titers considered the general law

established, and some of them made application of it to sea-water, and reasoned

upon the effects of it in accounting for some oceanic phenomena.

It cannot be denied that a solitary experiment, if judiciously contrived and

carefully conducted, may afford sufficient proof of a particular fact ; but no single

experiment can warrant a general law, embracing circumstances different from

those of the individual trial.

Two circumstances regarding the experiment now quoted cannot fail to ex-

cite much surprise. The first is, that Sir Charles stopped in the very threshold,

and did not continue it to its legitimate termination. It is astonishing that so

able and so patient an experimenter did not, to render the experiment conclusive,

or indeed worthy of any confidence, continue the application of cold till the in-

closed fluid was reduced in its temperature to its freezing point, with the view of

observing whether it continued to expand till it arrived at that temperature, as

is the case with pure water ; and farther prolong the experiment, by applying
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heat to the apparatus, to see whether the liquid contracted as water does when

its temperature is elevated to 39°^.

The second circumstance creating surprise is, that the scientific world were

satisfied with so imperfect an experiment, and based a general law upon so nar-

row a foundation.

In investigating the question I prosecuted the inquiry in two very different

methods. In the first series of experiments I employed an apparatus similar to

what I conceive Blagden's to have been ; it was a very large thermometer glass.

Experiment, No 1. The apparatus containing a saturated solution of chloride of

sodium i. e. common salt, was immersed for some time in a mixture of snow and

water, and then plunged into a mixture of salt and snow, whose temperature was

_ 2. The liquor descended in the tube regularly, tiU it became stationary upon

reaching the temperature of the mixture. In this progress there was not the small-

est indication of the existence of any peculiarity in the salt-brine in regard to the

usual effect of cold in causing contraction. I next transferred the apparatus firom

the freezing mixture into melting snow, and after some time into water at 40"^.

The solution immediately began to rise in the tube, and continued to do so regu-

larly, without the smallest interruption or retrocession, and obeying the usual

law of expansion by heat.

Experiment, No. 2. was performed with the same apparatus and fluid as the

preceding, and in all respects in the same manner, with the exception of suspend-

ing the apparatus in the air, which at the moment had a temperature of 45° or

thereby, when in the commencement of the second stage of the experiment, it was

withdrawn from the frigorific mixture. The object of doing so, was to prevent the

saltus immersionis which accompanies the removal of any similarly constructed

apparatus from a cold medium into one considerably warmer, by securing the

slow and gradual ingress of heat from the atmosphere.

It is indispensably necessary to attend to the saltus immersionis, when very

small alterations of volume are to be estimated by slight risings or fallings of the

fluid in the tube, else there will be a chance that we deceive ourselves. For example,

when the apparatus having the saline fluid cooled to zero is plunged into water

of 40°, the liquor instantly falls somewhat in the stem, and so assumes the ap-

pearance of its being contracted by heat. This, however, proceeds from the sud-

den expansion of the glass, and consequent enlargement of the capacity of the

vessel.

The result of this experiment in both its stages agreed Avith the preceding, and

both led to the conclusion, that a saturated solution of common salt obeys the

o-eneral law of expansion by heat, and contraction by cold, in the temperatures

near its congelation, as it does at all higher temperatures, and that it does not
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possess its greatest density at a temperature of T or 8° above its freezing point,

as it ought to have, were the principle of Su* Charles Blagden sound.

Experiment, No. 3. A solution of salt was made in the proportion of 1 part

of salt and 4.8 of water, which were the proportions employed by Sir Charles

Blagden in his solitary experiment, and introduced into a simUar large thermo-

meter glass. The apparatus was immersed first in a mixture of snow and

water, and then in a frigorific mixture at temperature 8°. The fluid descended

in the tube uniformly and regularly till it reached the temperatm-e of the frigo-

rific mixture. It did not exhibit any interruption in its progress, or any retro-

cession.

I then removed the apparatus from the mixture, and suspended it in the air,

the temperature of which was nearly 45°, the fluid ascended slowly but steadily.

After a while I plunged it into water, and it continued to ascend without any halt

or retrocession.

Eocperiment, No. 4. In this case I made use of a more powerful frigorific mix-

ture, which brought the liquor more speedily to its stationary point, but it de-

scended as in the preceding trial, without any interruption in its progress, or any

retrogression. I then withdrew the apparatus from the freezing mixture, and sus-

pended it in the air. The fluid immediately began to ascend, and continued to do

so steadily. It was then immersed in water, which caused an acceleration of the

ascent.

From experiments Nos. 3. and 4, it appears that a solution of salt of the

strength employed by Blagden, contracted by cold, and expanded by heat, con-

formably to the common law, and exhibited no indication whatsoever of the pecu-

liar anomaly which exists in pure water.

Experiment, No. 5. As the particular object of my research was to discover

whether sea-water observes the same relation in regard to the effects of heat and

cold as pm-e water does, I next employed an apparatus containing sea-water

taken from the Frith of Forth, a couple of miles to the westward of Leith. Its

specific gravity at temperature of 60° is 1.024. It contains 3.6 per cent, of saline

matter. Its congealing point is 29°.

According to the principle deduced from Blagden's experiment, did it pos-

sess the same peculiarity which fresh-water has, it ought to begin to expand at

temperature 36^°, and the expansion should go on increasing as its temperature

falls to the 29th degree, its freezing point ; and again, when heat is applied to it

at that temperature, it ought to contract till it reach temperature 36^°, and then

begin to expand. The result of the experiment, however, was very different.

The sea-water at the commencement was somewhat above 40°, and when the
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apparatus was immersed in a frigorific mixture of temperature 20°, the fluid pro-

gressively descended in the stem till it became stationary, without halt or retro-

cession in its course. The instrument was then withdrawn from the cold mix-

ture and supended in the air ; the fluid immediately began to ascend, and conti-

nued to do so steadily, as it gradually increased in its temperature.

Experiment, No. 6. The same experiment was repeated, and afforded a similar

result. These experiments lead to the conclusion that sea-water contracts as it

is cooled to its freezing point, and expands from that point when it is heated.

I conceive that perfect confidence may be reposed in these conclusions, though

drawn from trials made in the thermometer-like apparatus, the changes of whose

capacity by heat and cold necessarily affect the apparent movement of the included

fluid, whether in ascent or descent. When during refrigeration the diminishing

capacity of the instrument proceeding from the contraction of the glass necessa-

rily causes the fluid to ascend in the stem, and the fluid notwithstanding con-

tinues to descend, the descent unequivocally proves that the fluid is undergoing

contraction. The case, however, is very different when the fluid during cooling

ceases to descend, and then begins to rise in the stem, and continues to do so as

it is further cooled. Here the indication is equivocal, as the occurrence may arise

either from the diminution of the capacity of the instrument, or the expan-

sion of the fluid, and it is no easy matter to decide from which of the causes it

proceeds.

It was in consequence of this circumstance that I discarded this description

of apparatus formerly when investigating, in 1803 and 1804, the singular anoma-

lous fact of water at low temperatures expanding by cold, and contracting by

heat.

Though convinced by these experiments that Sir Charles Blagden had fallen

into an error, I did not rest satisfied with them, but instituted a second series,

conducted upon the same plan which I introduced in 1803. But before proceed-

ing to describe these experiments, I shall call attention to the observations of Mr
Erman.

He did not make any experiments upon sea-water, but upon a solution of

common salt, of the specific gravity of 1.027, which he considered as equivalent

to the water of the ocean, and upon two weaker solutions, and conducted the

inquiry in four different methods.

He first tried the question by taking the specific gravity of the representative

of sea-water at different temperatures by the weighing-bottle, and then by Nichol-

son's hydrometer ; but he put little reliance upon the results, though favourable

to the idea of the fluid having no maximum density at some degrees above its

freezing point as water has, for the reason that the phenomena and apparent re-

sults may depend in either of these modes, as much upon a change of the dimen-
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sions and capacity of the instrmneiits employed, as on a change of density of the

fluid, at different temperatures.

He next made trial of what he calls the Hope method, being that which I had

employed in establishing the existence of a maximum density in water, but he

also put no great trust in his experiments conducted in this manner, obviously, I

conceive, from want of care in executing them. Mr Erman then adopted a me-

thod which might at first sight appear to have no connection whatever with the

object of inquiry. This consists in observing the progress of cooling of the fluid

when approaching its point of congelation.

He observed that water as it cools from -f 6° of R. (45°.5 Fahr.) to -f
2°

(36°.5 Fahr.), exhibits a great retardation at that temperature, at which it at-

tains its maximum of density. Thus, a small quantity of water contained in a

cylindrical vessel one and a half inch high and one inch in diameter, having a

thermometer suspended in it within one line of the bottom, exposed to a very

cold atmosphere, required to cool from the 6° of Reaum. (45°.5 Fahr.) to the 2° R.

(36°.o Fahr.), at an average, for each half degree, fifty-seven seconds, but required

one hundred and ninety-eight between the 4° and S^° R. Now, the moment of

this retardation corresponds with that of the maximum density.

This retardation was still more remarkable in a second experiment, in which

the small cylinder containing the water was immersed in a very powerful frigorific

mixture of snow and muriate of lime, by which the whole period of refrigeration

was much shortened, and during which the thermometer fell from 7° to 1° R.

The average number of seconds required for each degree was 25.5 seconds, but

the cooling from the 4° to the 3° required 208.2.

Mr Erman, perceiving that the period of retardation coincided with that of

the maximum density, concluded that he could easily ascertain whether the so-

lutions of salt obeyed the same law as pure water, by observing whether they

exhibited any retardation during cooling.

He found upon trial, that a solution of salt of specific gravity 1.027, the re-

presentative of sea-water, fell in its temperature from + 6° to — 4° R. in a regular

progression, exhibiting no indication of a period of retardation. He next sub-

mitted a solution having a specific gravity of 1.020, and obtained a similar result.

Lastly, he tried a solution of the specific gravity of 1.010, and found that it did

display a retardation while cooling between the 6° and 1°.5 R.

From these experiments, he concluded that such a quantity of sea-salt added

to water as increased the specific gravity to 1,010, had no other effect on the pe-

culiarity in the constitution of this fluid, than to lower the temperature of its

maximum density to 1°.5 R. That solutions of specific gravity 1.020 and 1.027

have no maximum density at a temperature above their points of congelation.

Mr Erman does not mention the circumstances which led him to investigate

the rates of cooling, nor does he attempt to explain the cause of the temporary
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retardation which occurs when the temperature is in the immediate vicinity of

that of the maximum density ; which might, at first sight, suggest the startling

idea that water at that temperature becomes reluctant to part with its heat.

I must here take the liberty of remarking, that the experiments in my me-

moir in 1804, not only indicate the fact of the retardation, but also afford an ex-

planation of it. The detail of experiment 2d in that memoir, shews, that a ther-

mometer situated near the bottom of a cylindrical vessel eight and a half inches

deep and four and a half in diameter, filled with water of temperature 49°, and

immersed in cold water, fell from this degree to the 40th in thirty-eight minutes,

which, on an average, is four minutes and one-third for each degree, but required

twenty minutes to descend to the 39th degree, or one degree more, after which

it fell three degrees, at the average rate of nine minutes for each degree.

The first experiment recorded in the memoir, likewise indicates that a period

of retardation takes place in the acquisition of temperature by a thermometer,

the bulb of which reaches very nearly the bottom of a vessel containing water,

at temperature 89^°, which is the period when the anomaly in the relation of

water to heat terminates, and the water becomes obedient to the usual law.

In the experiment alluded to, the same jar and quantity of water were em-

ployed as in the preceding experiment.

The temperature of the water was 32°, and it was exposed to an atmosphere

of temperature 60°—62°. The thermometer, situated within half an inch of the

bottom, rose from 32° to 38°, that is, gained 6° in fifty minutes ; it then remained

for twenty minutes with scarcely any perceptible rise. It afterwards ascended

for 6° uninterruptedly, at the average rate of 1° in thirteen mihutes. We cannot

wonder that the occurrence of a remora or retardation in the rate of cooling or

heating of water, at a temperature coincident with that at which the strange al-

teration of water in relation to the effects of heat and cold upon its volume takes

place, should create surprise. At first sight, it seems to indicate that water, at

the moment when it deserts the general law of expansion by heat and contrac-

tion by cold, does, at the same instant, acquire a degree of reluctance either to

receive or part with heat.

This, indeed, would be a very extraordinary circumstance, but there is no

occasion to have recourse to such a supposition. The remora, which appeared so

surprising to Mr Eeman, admits of an easy explanation. It obviously proceeds

from the change in the direction of the currents in the water, accompanying the

change of law.

When a vessel of water at 50° is exposed to a cold medium, the cooling wa-

ter descends to the bottom in consequence of its contraction, and a thermometer

placed near the bottom of the fluid will exhibit an uninterrupted fall of tempera-

ture. As soon, however, as the water attains the 39^° it begins to expand, and

the currents in the water as it farther cools now ascend to the top, while the
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warmer portions descend, and thus the remora in the cooling of the fluid at the

bottom is produced.

Had Mr Erman employed a vessel of larger capacity, and such a quantity

of water as must have afforded time for precise observation, and had placed the

ball of the thermometer near the top instead of the bottom of the vessel, he would

not have seen any indications of remora.

The retardation, therefore, in the cooling of water, which excited the surprise

of Mr Erman, depends upon the change in the direction of the currents conse-

quent upon the anomalous law and the position of the thermometer.

I remain satisfied, that there is no method of ascertaining irregular changes

in the density of aqueous fluids so fit as the one I employed in 1804, as it is en-

tirely independent of every change in the density or capacity of the instruments

themselves. It consists in ascertaining, by means of theiTnometers placed near

the top and bottom of a column of fluid, the direction which the currents of heat-

ed or cooled fluid assume : every one admitting it to be an incontrovertible truth,

that the contracted denser fluid will fall to the bottom, and the expanded rarer

fluid will rise to the surface.

By pursuing this method, I conceived, in 1804, that I put beyond all doubt

or cavil the reality of the existence of the singular anomaly in the constitution of

water ; I therefore determined to have recourse to the same method in the pre-

sent inquiry : I did not, however, deem it necessary to perform more than the

two most striking of the series of experiments. I used an apparatus similar to

what I had formerly employed. It consists of a glass jar twenty-one inches high

and four in diameter, to which there is adjusted in the middle of its height a per-

forated basin of tinned iron, two inches in depth and ten in diameter, from the

upper edge of which there issues a small spout. In this jar two thermometers

are suspended, one with its ball near the bottom and the other near the top

In ray memoir of 1804, it is recorded that, when this vessel was fiUed with water

at temperature 82°, and the encircling pan was kept full of water at a tempera-

ture between 70° and 80°, the thermometer at the bottom gained neai-ly 7° of tem-

perature in three-quarters of an hour, while the thermometer at the top was very

little affected, plainly indicating that ice-cold water, by being heated, contracts,

and becoming more dense falls to the bottom of the apparatus.

Experiment, No. 7.—I filled the jar with the sea-water of the Frith of Forth

cooled to 29°, which is its congealing point, and furnishing the pan with a con-

stant succession of water at 84°, the upper thermometer immediately began to

rise, and continued to do so uninterruptedly, and gained 19° before the thermo-

meter at the bottom had gained more than 1°. This experiment proves, in a

satisfactory manner, that this sea-water cooled to its point of congelation ex-

pands upon the application of heat.
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Experiment, No. 8.—The preceding experiment was repeated and afforded

the same result. Again, as recorded in my memoir so often referred to, when the

jar was Med with water of 39^^ and the basin was charged with a mixture of

salt and snow, the thermometer at the top was cooled in the course of two hours

6^°, while that at the bottom did not fall half a degree ; thus indicating, that

water at 39^° expands as it cools below that point.

Experiment, No. 9.—I filled the jar with the sea-water of temperature 40^

and the basin with a frigorific mixture. The lower thermometer immediately

began to show the approach of a cold descending current, and in the course of

one hour and ten minutes fell to 30.° The temperature of the upper thermometer

was in no measure reduced, the temperature of ambient air being 44°.

From this experiment, it appears that sea-water during cooling contracts,

and becomes more dense as it approaches its congealing point.

The concurring testimony of this second series of experiments, and of the

preceding, shews that the same anomaly which exists in pure water does not exist

in sea-water. Hence the conclusions and general law deduced fi-om the solitary

experiment of Sir Charles Blagden must be corrected, and all the reasonings

founded upon them respecting peculiar currents in the ocean and other oceanic

phenomena, must fall to the ground.

As the subject of inquiry in the preceding memoir relates to the law obser-

ved by sea-water, in the changes of volume occasioned by heat and cold for some

degrees above its freezing point, I have not thought it necessary to call the at-

tention of the Society to the same circumstances at temperatures below the freez-

ing point. Every body knows, that though the temperature of water while

congealing is invariably 32°, yet it permits its temperature to fall many degrees

without freezing, provided it be kept free from every kind of disturbance and be

cooled very gradually ; that this is also the case with saline solutions, sulphuric,

and nitric acid, &c. and that the temperature ofeach fluid, when it begins to congeal,

instantly rises to the proper freezing point of that fluid. Marcet in his memoir

above quoted concludes, upon the authority of four concurrent experiments, " that

if a vessel fiUed with sea-water of the specific gravity of about 1.027, and of any

temperature above the freezing point, be gradually and slowly cooled, the water

contracts in bulk ; and that this contraction continues to proceed, though in a

diminishing ratio, till the temperature has reached 22°. At this point the water

appears to expand a little, and continues to do so till its temperature is reduced

to between 19° and 18°, at which point the fluid" (congeals and) " suddenly expands

to a very considerable degree, shooting up with great rapidity, and forcing itself

out at the open end of the tube."

M. Despretz of Paris, in his second memoir on the Maximum of Density of

Liquids, as we learn from an extract contained in the Comptes Rendus for March
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1836, agreeswith Dr Marcet, that sea-water of 1.027 specific gravity has a maxi-

mum of density some degrees below its freezing point, but places it at a tempera-

ture of 25°4.

M. Despretz tried the effect of the addition of a great variety of saline bodies

in different proportions upon the maximum density of water, and concludes

that all of them exert an influence upon this peculiarity of water, but that none

of them destroy it altogether, though many of them reduce the temperature of

the maximum considerably below the real freezing point of such fluids. As both

Marcet and Despretz arrived at their conclusions by means of experiments con-

ducted in thermometric vessels, it may be a question how far confidence can be

reposed in them ; it being a matter of the greatest difficulty, as already stated, to

determine whether the whole, or how much, of the appearance ought to be im-

puted to the changes in the capacity of the vessel from the contraction of the

glass. At all events, if sea-water has a maximum at some degrees below its

freezing point, such a circumstance cannot be supposed to have an influence of

moment, if any whatever, in the general economy of nature, or in giving birth to

any oceanic phenomena, as the action of the winds and the agitation of the

sea must for ever preclude it from coming into play, by preventing this fluid from

falling in its temperature below its freezing point.
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XVL On the Mid-Lothian and East-Lothian Coal-Fields. By David Milne, Esq.

Read 19th February, 6th March, and 7th May, 1838.

I AM not aware of any account having been published of the Coal-fields in

East and Mid Lothian, or of any attempt to institute a geological survey of the

country in which they are situated. Sinclair, the author of a well known work

intituled " Satan's Invisible World" published also in 1672 a treatise on Hy-

drostatics, in which he takes notice of the Prestongrange coals, and of the whin-

stone-dike that intersects them. Williams, in his " Mineral Kingdom'' (pub-

lished) in 1810, gives some information regarding the du-ection of the Gilmer-

ton and Loanhead coal-seams. But the information contained in both these works,

even respecting the coal-strata,—which alone they professed to treat of, is ex-

tremely vague, and generally very erroneous. Dr Hibbert was the first geologist

who with a scientific eye entered on the district, in order to describe with fulness

and accuracy any of its rocks. His discovery of the Saurian remains in the lime-

stone-quarries of Burdiehouse, led him to a minute inspection of the strata in

which they were imbedded, and to a consideration of the relative position of

these particular strata in the Mid-Lothian coal-field. The paper which he read

to the Royal Society on this subject has been published in their Transactions, and

it contains a good deal of valuable information in regard to the character and po-

sition of the rocks which are in the immediate neighbourhood of Burdiehouse.

It would have been most desirable, that this eminent geologist and intelligent

observer, instead of confining his views to a small portion of the field, had extend-

ed his survey over the whole of it. It might have suggested new views to him,

even with reference to the favourite subject to which he devoted his attention.

He would also, I am sure, have drawn up an account of much practical A^alue,

and general interest. Coal i^roprietors and lessees would have been benefited, by

having had explained to them the connection of the edge seams and flat seams,

and of having had unravelled the mystery and confusion arising from the innume-

rable slips, troubles, hitches, and dykes, which intersect and reticulate their coal-

fields. I need hardly add, that such an extended survey, by that distinguished

geologist, would have been no less important to science ; for if I know any thing at

all of the district I am now about to describe, sure I am that he would have found

and shewn, that remarkable and celebrated as this part of the island is on ac-

count of its unstratified rocks, and their effects on the adjoining strata, it is no
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less remarkable on account of its stratified rocks—the prodigious extent of coun-

try over which they individually spread, and the extraordinary changes they have

undergone since their original deposition.

Considering, then, the interest and importance of the subject, I cannot but

regret it should have fallen to be handled by me. Though Dr Hibbert is not

now amongst us, there remain many other members, whose professional pursuits,

aided by scientific attainments, admirably fit them for investigating and explain-

ing this extensive subject. I allude not merely to the geologists of the Society,

but to those gentlemen who devote themselves to the business of mineral sur-

veyors and mining engineers, and who possess opportunities of acquiring infor-

mation which no other persons can reach.

I shall be extremely happ}^ if the memoir I am now to read, should have

the effect of inducing any of these gentlemen to lay before the Society, in a pro-

per shape, the valuable materials which must have accumulated in their hands.

Although the Society should derive no other benefit from it, than that of urging

some of its more efficient members to this undertaking, I would venture to hope,

that I had contributed in no small degi-ee to promote the cause of geology.

I shall divide what I have to say, under two heads ; the first containing an

account of the Rocks of the district, stratified and unstratified,—the second con-

taining an account of the Superficial Deposits which cover these rocks. These

heads I shall subdivide into two parts ; confining the first to a mere relation of

facts, and attempting in the second to explain or account for these facts. I

need hardly observe, mth regard to both branches, and indeed the whole sub-

ject, that the memoir I have drawn up, so far from exhausting the field of in-

quiry, gives only an outline of some of its more important features ; so that it yet

contains enough, to excite and gratify the ambition fbi* discovery of the keenest

geologist.

The district which I propose to describe, is from fifteen to seventeen miles

square, extending ft'om the Garleton Hills to Arthur's Seat in an east and west

direction, and from the Frith of Forth to the Lammermuu- Hills in a north and

south direction. The extent and boundaries of this district \^dll best be under-

stood by a reference to the accompanjing Map, Plate XV. Through this district,

there runs in a nearly north-east and south-west dh-ection a ridge of high ground,

which divides the district into two parts. The ridge I allude to, commences at

Tranent (where it rises from the sea), and stretches towards the south-west by

Elphinstone, Carberry, and the Roman Camp, as fai* as Amiston. This ridge, in

respect of elevation above the sea, varies from 850 to 1000 feet. On the north-

west side of this ridge, lies what has been called the valley of the Esks. It is a

valley of about six or seven miles in width, the trough or lowest part of which

no where rises above the sea to a greater height than 150 feet. On the other

side of the ridge, the district (it can hardly be called a valley) is much flatter. Its
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flanks rise perhaps as high above the sea as the valley of the Esk ; but its trough

is much higher, being 300 or 400 feet above the sea. The only river which wa-

ters it, is the Tyne.

In my account of the rocks which occm* in the district, I shall describe first

those that are stratified, and next those that are unstratijied.

I. STRATIFIED ROCKS.

I. The stratified rocks consist of the following strata (and I mention them in

the order of their relative quantities): 1. Sandstone; 2. Shale; 3. Limestone;

4. Coal ; 5. Argillaceous strata. I am enabled also to give some notion of the

absolute quantities in depth of these several strata, for the greatest number have

been bored through, and the thickness of each particular stratum nearly ascer-

tained. All the coal-seams in the district above 6 inches in thiclmess have been

precisely ascertained ; and similar information has been procured with regard to

more than one-half of the other strata which lie between the coals. The whole

strata, of all kinds, form together a series of layers about 1000 or 1050 fathoms

in thickness ; and of this deposit there are between 500 and 600 fathoms in which

the relative quantities of all the several different kinds of rocks may be pretty

accurately stated. In the following calculation, therefore, I at present throw out

of view the coals, in that half, the component parts of which are unknown. In

the other half, which is entirely known, the following is the aggregate thickness

of the several strata

:

1. Sandstone, 286 fathoms

2. Shale, .... 188 ...

3. Lime, .... 27 ...

4. Coal, .... 21 ...

5. Clay, .... 12 ...

534

The aggregate thickness of coal-strata in the whole deposit, above 6 inches

in thickness, is about 34 fathoms. This I have ascertained from measurements

of each particular seam. If it be assumed, that the other strata maintain the

same relative proportions to each other throughout the half which is unknown,

as they do in the other half, then the aggregate thicknesses of these several de-

posits, in the entire basin, would be as follows

:

1. Sandstone about

2. Shale,

8. Lime,

4. Coal,

6. Clay,

550 fathoms.

360 ...

51 ...

30 ...

22 ...

1013
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Having thus stated the aggregate thickness of each class of stratified rock,

I may mention the number of sti-ata composing respectively these different classes,

as well as the average thickness of each particular stratum.

There are between fifty and sixty coal-seams exceeding a foot in thickness.

None of them are more than 13 feet thick. The average thickness is about 3^ feet.

I cannot, for the reasons already noticed, state the actual number of the

other strata ; but in that part of the coal basin best known, which as I have said

includes about one-half of it, the following are the respective numbers

:

Sandstone strata above 4 feet thick . . 47

Shale 3 ... . . 62

Lime 2i ... . . 9

Clay 3 ... . . 8

The maximum thickness which the sandstone strata reach appears to be

about 200 feet ; that of the shale 180 feet ; that of the limestone 40 feet ; and that

of the clay 28 feet.

11. I come next to notice the superficial extent of the strata. I here allude

not merely to the occurrence of the same kind of rock over a given tract of

country, but to the extension of individual strata. One of the strata of coal

worked in the district, is known by the name of the " Ch^eat Seam.'" It may be

seen in a quarry at the east end of Portobello. This seam was foiinerly worked

at the following places, viz. Brunstain, Niddry, Edmonstone, Woolmet, Drum, and

Gilmerton. It is (on the same line of bearing) still worked at Loanhead and at

Dryden, places that are eight or ten miles from Joppa, in a SW. direction. But

the same seam is also worked along the ridge mentioned at the outset of this

memoir, viz. the ridge which runs from the Roman Camp to Ti-anent, and it is

worked on both sides of that ridge. On the NW., or Esk side of the ridge, it is

now worked at the following places ; Arniston, Bryants, Prestongrange, and at

the pit recently opened by the Duke of Buccleuch at Cowden. Formerly it was

worked at several intermediate points, as Carherry and Wallifm^d. On the SE.

or Tyne side of the ridge, this " gi*eat seam" is or has been worked at Vogrie^

Edgefield, Oxenford, EliJhinstone, Birsley, Tranent, and Prestonpans. Along this

ridge, therefore, it runs on both sides for twelve or thirteen miles. But the same

seam is Imown even beyond this line, and on the extreme eastern limits of the

coal-field, viz. at the Bents (E. of Cockenzie), at S'^ Germains, Blindwalls, and

Cinderhall.

I may add, for the sake of gi\'ing a more distinct idea of this matter, though

it is anticipating a little what I will after^vards more fully explain, that this

coal stratum, on the west side of the basin (as at Gilmerton, Niddry, &c.) dips

down rapidly to the SE.,—becomes flat in the middle of the Esk valley,—and

rises up to the Roman Camp and Carberry Ridge ;—it then mantles over that
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ridge, sinks again into the valley of the Tyne, and thereafter rises and crops out

entirely towards the east. We thus see, that this one stratum or deposit of coal

stretches through or covers a space whose horizontal surface measures in one di-

rection (viz. from NW. to SE.) ten or twelve miles. As to the distance to which

this particular coal-seam extends towards the north, no information can of course

be obtained, for it is there covered by the sea ;—towards the south, it is sup-

posed to reach even to the base of the Lammermuir range near Carlips and La

Mancha—a distance from Musselburgh of about eighteen miles.*

It may probably be asked, how is it known that it is one and the same seam

which is wrought at all these different places ? There is no difficulty in proving

this to any one who has attended to the subject. In the first place, the thick-

ness of the seam at most of these points is the same. In the second place,

the roof and the pavement of the seam are almost every where the same, and

not merely the roof and pavement, but also the strata adjoining the roof and

pavement. In the third place, by laying down on a map, the outcrop of the

seam at any known point (as, for instance, Joppa), and drawing a line in the

direction in which it is there seen to nin, that line will run through or very

nearly through all the places above mentioned, situated on the west side of

the basin ; and where this hue is not exactly coincident with the actual out-

crop, the deviation can be accounted for by special causes. In like manner,

by observing the direction in which the seam dips, we see that it sinks to-

wards that very part of the basin, from which a similar coal-seam rises on the

opposite side.

I may mention a second example, to prove the important fact now ad-

verted to. There is another coal in the series, which is equally remarkable,

as the " Great Seam"—not for thickness, but for certain no less valuable

properties. It is called the " North Greens" Coal. It is from this stratum that

the largest supplies of Parrot coal (so much used for the manufacture of gas)

are obtained. It occupies a very low place in the basin, being, generally speak-

ing, 250 or 300 fathoms beneath the great seam. It also can be recognised at a

multitude of different and distant places, though not so many as the Great Seam

;

for, being in the lowest part of the basin, it is not every where so easily reached.

But the fact of its being in this position, affords one test for its identification,

which does not exist in the other case. It lies immediately above a thick bed

of limestone ; and as there are very few limestone strata in the whole deposit,

it is on this account the more readily identified. I might add as another test,

the quality of the coal, which is shared by few others, and by none to the same

* The Great Seam has not yet been identified at the places last mentioned ; but, judging from the

direction of the strata, and the fact that several other eoal-strata, that are not far distant from the

Great Seam in other parts, have been recognised at these places, I have no doubt it also exists there.
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extent. This North Greens coal is worked or known at eight different points on

the west side of the basin, in a line of ten miles,—^viz. between Joppa and Dry-

den ; and I have traced it to Carlips and La Mancha. It has been recognised also

round the whole of the south and east margin of the coal-field ; and it makes its

appearance on both sides of the Roman Camp ridge.

These examples I have taken from coal-seams, because they have been more

diligently traced, and are more accurately known than any other kind of strata.

But it is not merely coal-seams, which individually extend over large tracts of

country. I mentioned that one of the many proofs of the identity of particular

coal-seams, is afforded by their roofs and pavements being the same. Over the

" Great Seam" there is every where a mass of red and yellow coarse sandstone,

between forty and fifty feet thick, which forms a continuous bed over at least

the greater part of the district. It may be seen in Joppa quarry—on the

shore at Prestonpans—in Tranent quarry—and at various places on the north

side of the Roman Camp ridge. Beneath the Great Seam, there is another

mass of sandstone, but of an entu'ely different appearance. It is generally white,

fine-grained, and divided with thin seams of shale, or, (to use the terms of the

quarrymen), " parted with black faikes." This sandstone is quarried in several

places for the slabs or pavement stones which can be raised from it. At the Sink

quarry on the Marquis of Lothian's property, there is a quarry where this white

sandstone, with the Great Seam, and the incumbent red sandstone, can all be

seen very perfectly.

I might in like manner particulaiize various limestone strata, which may be

traced throughout the entire district. The limestone formerly very extensively

worked at Moredun and Gilmerton (lying below the North Greens coal) can be

traced to Loanhead, and indeed all the way to Whitfield, near Carlips. It makes

its appearance also on the Roman Camp ridge—dipping on the north side to-

wards the north—on the west side towards the west,—and on the south side to-

wards the south ; and it rises on the opposite side of the Tyne valley, at Middleton,

Crichton Dean, and other places.

But what is true of these individual strata of coal, sandstone, and limestone,

is true generally speaking of aU the rocks in the district. There are very few of

them which may not be traced for a great many miles in all directions.

III. The next point of inquuy, regards the respective positions of these dif-

ferent strata.

In the first place, in regard to position in the basin, they seem to be aU in-

discriminately interspersed, except the limestone. The whole of the calcareous

strata are situated in the lower half of the basin ; and the thickest beds ai-e in the

lowest part of this half. There is no general rule of this kind characterizing the

strata of sandstone, shale, coal, and clay.
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Then, as to the position of these several strata in regard to one another, se-

veral important remarks occur.

(1.) There is almost invariably a stratum of fire-clay below a seam of coal.

In no instance have I seen or heard of coal resting immediately on sandstone or

limestone.

(2.) On the other hand, there are frequent instances of a seam of coal being

immediately overlaid by sandstone or by shale.

(3.) Sometimes there is a seam of clay or shale in the middle of a coal-seam.

Occasionally, but very rarely, is there sandstone or limestone in such a position.

IV. I have alluded to the average, as well as to the maximum thicknesses

of these strata. But it must not be supposed, that every individual stratum

maintains, in all parts of the district, a uniform thickness. On the contrary,

their thickness varies,—some of them to a very large extent.

It might lead to very important inferences, could a correct table be constructed

so as to shew at one view the thickness of the same individual strata at a great

many different points. Such a table would shew not only the maxima and mi-

nima of variation, and the rate of variation with reference to space, but, what is

much more important, it would shew whether the strata thickened, or whether

they tJiinned away in a particular direction.

I have attempted to construct such a table, applicable to the coal and lime-

stone strata of the East-Lothian and Mid-Lothian coal-field. The great practical

utility of such a table to miners, coal-proprietors and coal-lessees, this is not the

place to point out. I refer to it now, for the purpose of shewing the important

geological truths which may be derived from such classifications of facts.

(1.) On examining the table, for the purpose of ascertaining where the coal

strata attain a maximum thickness, it wiU be found, that there is a certain part

of the district in which a maximum thickness is attained. This part of the dis-

trict embraces Niddry, Drum, and Gilmerton, on its west side ; Prestongrange,

Wallyford, and Elphinstone, on its east side ; Cowden and Bryants on its south

side. The coals which run through the district now described, are thicker there

than they are in any other parts of the district.

(2.) It will farther be seen from the table, that the part of the district where

the coal-seams become thinner, is chiefly to the E. and S. of the places above

mentioned ; and that along the E., SE., S., and SW. margin of the coal-field, all

the coal strata gradually thin away, so as not only to become unworkable, but to

disappear entirely.

Towards the north of this part of the district, there are not the same means

of estimating the diminution of thickness, because the space is so smaU between

it and the sea. That there is a diminution in the thickness of the seams in that

direction, there can be no doubt.
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(3.) The thickness of the limestone strata has been marked on the table at

a number of different points. It will be observed, that in the three uppermost

limestones (those, viz. which occur about the middle of the series) a very remark-

able regularity of thickness prevails. The case is quite different with the lime-

stone beds in the lower part of the series. The limestone immediately below the

North Greens coal, has a very different measure of thickness in some parts of the

district from what it has in others. It will be seen that, in the north and along

the west part of the coal-field, it is only from 4 to 6 feet thick,—too thin to be

workable. On the south and east parts of the coal-field, it attains a thiclaiess of

20 and 30 feet. It is important to notice, that, in this respect, the Umestone at

the bottom of the series presents features directly opposite to what is presented

by the coal-strata.*

I have attempted to form a similar table of other strata, comprehending the

Sandstones, Shales, and Fire-clays. These are, for the reasons already hinted

at, less accurately known than coals and limestones; so that any inferences

from the table noiv referred to are less to be depended on. But I may notice the

results which it indicates.

Some of the shales are so hard, arising chiefly from an admixtm-e of calca-

reous matter with which they are impregnated, as to have obtained the popular

name of Bastard Limestone. These are, generally speaking, thickest to the south,

and are situated in the lowest part of the series.

(4.) The shales (properly so called) as weU as the sandstones are thickest to-

wards the north. In the New Mills level (south of Dalkeith) there are six beds of

sandstone, each of which has been recognised on the shore between Musselburgh

and Portohello. At the former place, these six beds present an aggregate thick-

ness of 284 feet ; at the latter 475 feet. So far in regard to their tendency to

thin or thicken towai-ds the south and north parts. In regard to the east and

west parts, it would rather seem that the sandstone rocks become thinner to-

wards Wallyford and Tranent.

(5.) In the same section of the New MiUs level, abeady referred to, there

happen to be six beds of shale, which have been also recognised at or near Mag-

dalen Pans, on the sea-shore. At the former place, they exhibit an aggi-egate

thickness of 181 feet—at the latter of 285 feet—being nearly the same rate of

increase as the sandstones,f But, on the other hand, this result is in some de-

gree compensated by the fact, that the thick beds of bastard limestones which

lie almost entirely on the south side of the district, and which are not reckoned

* The table referred to in the above remarks having been considered too bulky to be published in

these Transactions, extracts from it have been put into the Appendix A.

t The table from which these results were obtained, has not been published, with this paper, for

the reasons applicable to the other table. The data on which it was constructed, were derived, chiefly

from sections given by Farey in his valuable report on the Duke of Buccleuch's coal-field.
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in this computation, consist chiefly of argillaceous matter ;—so that in a north

and south direction, the argillaceous rocks are more equally distributed over the

district than the arenaceous rocks.

In an east and west direction, the shales and clays, like the sandstones, are

much thicker on the west side of the basin, than on the east.

(6.) There is one other inference which an examination of the above tables

warrants us in drawing, and it is one of some importance, in reference to the

history and formation of these several classes of rocks. That class in which the

greatest and most sudden variations of thickness occur, is the arenaceous class

;

the class "in which these variations are the least, are the carbonaceous; whilst

the argillaceous and the calcareous hold in this respect, a middle place.

In illustration and proof of this remark, that it is in the arenaceous or sand-

stone strata, that the greatest variations of thickness in the same bed occur, a

few cases may be here given.

In the workings at Preston (one-half mile east of Prestonpans) there is the

following section ; A is a stratum of fire-clay generally 4^ feet thick, B is a stra-

tum of sandstone generally 4^ feet thick, C is a seam of coal. At one place the

sandstone thins away to nothing, and the fire-clay thickens, so as to fill up the

hollow in the sandstone, and to come in contact with the coal. It is there be-

tween 8 and 9 feet thick.

The next example I shall mention of a sudden thickening of sandstone is

stiU more remarkable. At New Craighall there are two seams of coal, which

go by the name of the splint-coal and the coal-rough. These are generally apart

from each other about 8 fathoms, the interval between them consisting of the

following strata

:

B, Splint Coal generally 5 feet thick.

C, Fire-clay 1^ fathoms thick.

D, White Sandstone 4 to 6 feet.

E, Blue-coloured shale 1^ fathoms.

F, White slaty sandstone 2^ fathoms.

H, Fire-clay 1 fathom thick.

K, Coal-rough.
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In the New Craighall workings, a mass of sandstone (marked in tlie pre-

ceding figure by letter G) occurs between F and H. It there goes by the name of

a " saddleback," and has been mined in several places. It has very much the

shape shewn in the above figure, which iS drawn to a scale of 10 fathoms to an

inch.* This mass of sandstone is full of oval-shaped concretions, some of which

exceed a stone in weight. They are extremely hard, and give fire with steel.

The colour of this sandstone and of these concretions is reddish. The greatest

depth or thickness of this sandstone-bed is about 10 fathoms ; the width of it at

its base about 120 fathoms. It runs in a direction nearly S. by E., and has

been traced for about two and a half miles, viz. from the fork of the Dalkeith and

Fisherrow Railway, through the west part of the village of Old Craighall to the

wall of Dalkeith park. The above figure shews a section of the saddleback, at

right angles to the course now indicated.

It will be remarked, that the coal-rough and its roof are not affected by this

saddleback. On the other hand, aU the superincumbent measm*es including the

roof of the splint-coal (which is a red-sandstone about 8 fathoms thick) mantle

over it. I learn from Messrs Wilson and Telfer, the overseers of Sir John Hope

at New Craighall, that this splint-coal is only 7 or 8 inches thick at the top of

the saddleback, being therefore reduced to about one-seventh of its ordinary

tliickness; and their opinion is, that the strata immediately subjacent to the

splint-coal are also reduced in thickness.

The peculiarity of the foregoing section is, that the sandstone mass shewn

in it, does not extend laterally beyond a certain distance.

It also deserves to be particularly noticed, that these two coal-seams, as they

mantle over the sandstone, thin away to a very considerable extent. This is more

particularly the case with the coal-rough. It is generally 4 feet thick, but it

gradually thins away to a mere shell 9 or 10 inches thick, when it reaches the

upper part of the protuberance.

Let it not, however, be imagined, that the coal-strata are entu*ely exempt

from those sudden variations in thickness, which more frequently characterize the

other strata. One of the seams belonging to the upper series of coals, is known

by the name of the Diamond Seam. It was worked formerly at various places

in the parish of Newton. It is known to exist in the trough of the basin, and on

the east side of the Esk valley ; but it does not exist to the north or north-west

of Millerhill ; at or near that place, the coal thins away and entirely disappears,

—

the roof and pavement meeting.

This coal-seam, even where it exists and was worked, exhibited very anoma-

lous variations in its thickness and component parts. At Sheriffhall, it was de-

scribed to me as occurring in " balls" or nodular masses ;—so that when in

one place the seam was 2 or 8 feet thick, at another place, not a yard distant,

* This was the case in the figure shewn to the Society. The above wood-cut is on a reduced scale. .
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the coal was entirely absent. The following sections, taken at three places where

the seam was worked, shew its extreme irregularity in regard to thickness and

composition

:

Diamond Coal-Seam.

At Sheriffhall Pit, No. 21. At Sheriffhall Pit, No. 16. At BeU's Law Pit.

Coal, . . .

Fire-clay,' .

Coal,"-' . . .

Fire-clay, &c.
Coal, . . .

Ft. In.

. 1 3

. 1 6

. 2 7
. 3 2
. 1

9 6

Coal, . .

Fire-clay,^

Coal, . .

Fire- clay,'*

Coal, . .

Ft. In.

. 11

. 22 6

. 5 6

. 6 5

. 1 2

Coal, . .

Sandstone,
Shale, . .

Coal, . .

Shale, •
.

Coal, . .

Ft. In.

. 84

. 34
. . 46
. . 3 8i

. 3 8

. 1 1

36 6 89 2

' This band was, in the workings, sometimes only 6 inches thick.

^ This band of coal, in the workings, sometimes reached a thickness of 4 feet.

' This band was occasionally only 2 feet thick.

* In this bed, a band of sandstone sometimes made its appearance, having a thickness of 6i feet.

But one observation occurs here applicable to the statements made above, re-

garding the varying thicknesses of all the strata, coal included. These variations

have been inferred from examinations only at particular, and after aU, not very

numerous points. Now, it cannot be supposed, that the exact spots have been

hit on where the maximum and minimum thicknesses respectively occur. Over

a district about thu-teen miles square, and the strata in which, if spread out

horizontally, would extend greatly beyond that space, it is obvious that 100 or

even 1000 bore-holes must give but a partial and imperfect notion of their vary-

ing thicknesses, and of every thing else connected with them. It is probable,

therefore, that we ought to consider the variation in the thickness of the several

strata, to be at least double of what is shewn by the tables above referred to.

It is not in thickness only, but in composition, that the same individual strata

change at different places. The best examples of this are afforded by the coal-

seams, they having every where been more minutely examined than the others.

The Great Seam of coal contains generally a band of parrot ;—^but at some

places, the parrot disappears from it. At Drum this parrot band is 2 feet thick,

—at Niddry it is 2 feet 6 inches thick ; towards its northern stretch it thins

off, for at Brunstain and Joppa it is only from 1 foot to 1^ foot. It thins off also

towards the south, and disappears altogether; at Gilmerton and Loaiihead it

does not exist, its place being occupied by a bed of shale. On the opposite side of

the basin, the Great Seam contains also a similar band of parrot ;—it occurs in it

in that part of the basin which is opposite to Niddry, viz. about two miles east

of Dalkeith, in the Duke of Buccleuch's grounds at Cowden, where it is 1 foot

2 inches thick. On this side of the basin, in like manner as on the other it
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thins off to the north and the south. At Preston the place of the parrot is oc-

cupied by a seam of shale ; at Bryants there is parrot in the seam, which is a

few inches thick ; at the Sinks quarry (about one mile to the west) this parrot

band is only 2 inches thick ; but the whole seam is also diminished in thickness

to 5 feet. Near Stobs (which is two or three miles west of Newbattle) the seam

of parrot is only about 1^ inch thick.

The North G^'eens coal affords a parallel example. At many places on both

sides of the basin it has parrot in it. On the west side, at Gilmerton, the parrot

band is 10 inches thick; at Portohello, it is 4 inches; at Loanhead, the parrot

band is only a few inches thick ; at Glencorse, it is reduced to 4 inches, and the

quality is very inferior. On the east side of the basin there is parrot also in the

seam. Towards the north on this side of the basin (just as on the other side)

the parrot on the North Greens thins away and disappears. At Bryants the

seam is altogether 2\ feet, consisting on the top of splint, at the bottom of rough

coal, and in the middle from 10 to 14 inches of parrot. At KiiJinlam (about one

and a half miles to the east),,the whole seam is only 3 feet thick, and the parrot

band is reduced to 6 or 8 inches. At Edgehead (which is about two and a half

miles to SE.), the North Greens seam is 1 foot 8 inches thick, and contains in

the middle of it 5 or 6 inches of parrot. At Wetholm, which is about one-half

mile still farther east on the line of crop, the parrot band is only 2 inches thick.

A little farther east (viz. at Fuffet, where a colliery existed twenty or thirty years

ago) the North Greens contained no parrot whatever, consisting chiefl}" of splint.

I believe that the parrot band thins off also on the west stretch. At Arniston,

the whole seam is only 26 inches thick, of which 7 inches consists of parrot. At

Middleton and other points farther SW., there is hardly a vestige of parrot, pro-

perly so called, in the seam.

I may add, that the Great Seam and North Greens are not the only coal-

seams which contain parrot bands. For instance, the seams caUed the " South

Parrot" affords parrot at Gilmerton and Loanhead. The coal called the Laverocks

or Mavis, affords parrot at Loanhead. The coal called the Splintj'^ or Stony coal,

affords parrot at Gilmerton, Wethohji, Blackdid), and Fuffet. Various other ex-

amples may be seen from the tabular chart of coal-seams.

The same changeableness which characterizes the parrot, marks also the

splint, rough, and other kinds of coal. At some places they thicken, at others

they thin away and disappear. But let it be observed with regard to one and all

of these different kinds of coal, that though they generally form distinct and

separate bands, they, at the line of contact, run into each other; that is, they appear

united, as if by some process, which has taken place subsequent to their original

formation.

Before quitting this particular subject, I may mention that the bands of

clay and shale which frequently occur in coal seams, though they in general pre-
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serve a pretty uniform thickness, do occasionally vary in thickness in an ex-

traordinary manner. At New Craighall, in the Beefie coal worked there, a band

or stratmn of clay occurs 1 foot thick. At Sheriffhall (about two miles distant)

this band of clay ihickens to 18 feet, thereby, of course, dividing the Beefie

coal into two separate seams.

In the example now mentioned, it seems probable that the variation in thick-

ness is characteristic of the original formation of the stratum, and arose from a

larger quantity of sediment being deposited in one part of the district than in

another. The example next to be given seems to indicate a different cause for

the variation in thickness,—and one which operated subsequently to the deposi-

tion of the stratum.

At Bryants, the " Coal Patie " is generally 3 feet thick, and is overlaid first

by a bed of shale 2^ feet thick, and then by a stratum of coarse sandstone. At

one spot, however, the shale disappears, and about a foot of the coal from its up-

per surface also disappears. In this way an expanded hollow or trough is pro-

duced, which is filled up by a protuberance of the sandstone stratum.

A similar example occurs in the workings about a quarter of a mile to the

SE. of East Houses. There is or was formerly a small " rough coal " worked

there, about 3 feet thick, covered, as in the former case, first by shale, and

next by a soft yellowish sandstone. At one place the shale disappears, and the

coal is diminished in thickness to 2^ feet, the trough being occupied by the sand-

stone.

V. The next subject to which I would advert is the form or outline which a

section of the whole deposit presents in superficial extent, as well as in depth.

I have, with the view of making my explanation more intelligible, drawn

some figures, representing along particular lines (crossing the entire coal-field),

the form of its surface, and the supposed undulations of the several strata.

Before pointing out the details of these sections, let me mention how they

have been formed, so that the Society may judge what degree of weight, or whe-

ther any weight, is to be attached to them.

I traced out, in the first instance, on a map of the district, the croppings of the

principal coal and limestone strata, and laid down the course of all the dykes and

slips intersecting these strata, of which I could get information. In this way I

got the distances between the coal-seams at the surface, and knowing the angle at

which they dipped, it was easy to represent the strata in vertical sections, with their

different inclinations and undulations. I have also shewn, wherever these lines

of section are intersected by slips or dykes, on which side the strata are downcast

or upcast (as it is termed) ;—and I have endeavoured to give a correct outline of

the surface of the country along these lines of section, with reference to its eleva-

tion above the sea. In constructing these figures, I have made the vertical sec-

VOL. XIV. PART I. L 1
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tion on the same scale as the horizontal section,—a circumstance too little at-

tended to in geological diagrams ; for otherwise, a distorted and erroneous repre-

sentation must be given of the whole phenomena. I have drawn these figures on

a large scale, so that the real depth of the basin might be easily seen, in reference

to its true superficial extent.*

It will be seen from these figures what is the general shape of the basin fonned

by the coal strata of the district. The elevation in the middle of the figm-es, and

which separates the basin into separate fields, is the ridge which I have already

spoken of as running from the Roman Camp to Prestonpans. On the west end

of these lines of section the strata dip rapidly to the east, and at some places are

almost perpendicular ; but on the opposite side they are much less steep. At

several points along the line of ridge, the individual strata mantle over, rising up

on one side and sloping down on the other. At other points the strata have been

apparently broken across, so that they crop up on both sides of the ridge, having

a gap or chasm between them, which in some places is thi-ee-fourths of a mile in

width. The fact now stated may be very distinctly seen at Fuffet, a place about

three miles SE. of Dalkeith. The two ridges of limestone (the lowest of the se-

ries) are there distant from each other only about 200 yards.

Along the west side of the basin the dip of the strata is by no means regular.

At Jop'pa it is about 50°. It gets steeper towards the SW., and at Niddry and

Edmonstone they are exactly vertical. The verticaUty of the strata may be well

seen in a quarry near Edmonstone (West Gate), which for many years supplied

the yeUow-sand brought to Edinbm-gh to be sold for domestic purposes. The

sandstone-rock which was there worked lies between the Corby Craig coal, and

the Glass coal, the perpendicular walls of the excavated strata running in a SW.

direction. At Gilmerton the strata dip at an angle of about 60° ; and at Loan-

head at an angle of 52° ;—farther west, the dip gradually diminishes.

On the east side of the Esk vaUey, the strata generally are less steep than on

the west side,—^rising up with an angle varjang fi-om 20° to 30*.

In the T3Tie valley, the strata form a basin much flatter than the basin of the

Esk. On the west side, the dip is not more than 8° or 10° ; and on the east side

it does not exceed 5° or 6°.

It wiU be seen from the annexed sections, that the coal-seams of the district

form as it were three series,—which may be described as the upper, the middle,

and the lower series. The interval between these series consist chiefly of shale

and sandstone, forming an aggregate thickness in the former case of 40 fathoms,

and in the latter of 150 fathoms. But let it not be imagined, that there are no

coal-seams at all in these intervals. The tabular chart shews that there are

some. But they are so thin, and so far distant from each other, that the

* The sections referred to are shewn on a smaller scale in Plate XV. at the end of this volume.
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parts of the deposit now referred to, present a complete contrast to the other

parts.

VI. Having described the general arrangement and position of the strata,

and said something of the varying character of particular strata, I should wish

next to offer some general remarks on the internal structure of the strata. On

this subject, however, I regret to say, that my information is exceedingly scanty.

But if for no other purpose, than to shew how much remains to practical men on

this branch, I will state the little that I have gathered in my rambles.

(1.) I begin with coal, because the qualities of that mineral have naturally

been more closely and accurately examined than those of any other.

There are three or four different kinds of coal in the district. The most

easily distinguishable are the splint, the cubical or cherry or cheery* coal, and

the parrot. Each of these can be pointed out at once by colliers, as each of them

possesses characters, which to their eyes are obvious and decisive. Each kind of

coal has a different internal organization. That difference is shewn in various

ways. I may mention one way in which it is very easily and very decisively

shewn. If a large fragment is smashed with the hammer, or dashed violently to

the ground, it will be found to have been intersected by a number of fissures,

which give a peculiar shape and form to the morsels broken off. These fissures

cause each kind of coal to break up in one way, rather than in another.

In the Splint-coal there are three sets of fissures, (1.) one set parallel with

the surface of the coal-seam ; (2.) another set perpendicular to the surface; and

(3.) a third set, also perpendicular to the surface, and intersecting the second set

at a constant angle. The blocks are not in the splint coal exactly cubical,—they

form thin tabular masses, owing to the predominance in them of the longitudinal

fissures. These thin tabular masses are not rectangular in shape. The vertical

fissures intersect each other at an angle, which is between 80° and 83°. Farther,

the figure of the fragment, on its surface, is rhomboidal,—that is to say, one side

is always longer than the side intersecting it. The reason appears to be, that the

two sets of vertical fissures which form these sides, are not equally continuous or

open. So that there is always a tendency in the coal to split in one way more

than another. Those fissures which i-un farthest and are the widest, of course

form the longest side of the rhomboid. These are called slines, backs, or length-

way joints, in the language of the colliers. The other set are called cutters or

end-joints ; and both sets are made good use of, in working the coal, as they

allow the wedges to be inserted, and enable the collier to bring down masses of

coal of any size he pleases. It is in consequence of these three different sets of

fissures, that the splint coal breaks so readily into oblong tabular masses.

* So called, probably, from its blaziug better than the other kinds of coal.
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The rough or cherry coal has the same three sets of fissures ; but the strength

and length of each set is in that kind of coal, not precisely the same as in the

splint coal. The set first mentioned, viz. those which are parallel to the surface

of the coal, are not so numerous or so wide or so extensive, as in the sphnt, so

that it has not the same tendency to a slaty shape ; moreover its cutters and its

slines are more nearly equal in these particulars ; and the consequence is, that the

rough or cherry coal when broken, assumes a shape or form more or less cubical.

Its vertical fissures intersect at an angle of about 85°.

The same three sets of fissures are discoverable in the parrot-coal. But they

are greatly less numerous. The consequence is, that blocks free from cracks and

flaws, can be got of a much larger size in this kind of coal than in the other kinds.

These different fissures, in respect of continuity and width, are, in the parrot-coal,

very nearly equal ;—so that the blocks taken from it are, in shape, not very dif-

ferent from cubes. The acute angle formed by the sides is about 87°.

These fissures have of course been produced at a period subsequent to that

of the formation, or at least the deposition of the beds they traverse. I have a

specimen of splint coal filled with the spines, teeth, and scales of fish. A fissure

intersects these organic remains, and has separated the relative parts by a very

visible interval. The fissure in the specimen alluded to, is about 1-10th of an

inch in width, and is fiUed with pearl spar. It is obvious, that not only the coal-

seam has been fissured, but that there has been a movement of the coal on one

side or both sides of the fissure.

Before quitting the subject of slines and cutters, I may allude to a subject

which opens up a very interesting inquuy. I have said that these sUnes and

cutters intersect each other at a constant angle. I rather think also that they

lie invariably in a dh-ection, which is independent of the dip of the coal. I have

observed at a great number of places, the du-ections of the backs or lengthway

joints, and also of the cutters or end-joints. The former appear to me to run

every where in this district in a direction between N. and W. by compass. The

cutters, of coarse, therefore run between E. and N. I will afterwards revert to

this subject.*

I have to add with regard to these fissures in coal, that many of them are

filled with thin films or veins of a white coloured spar. I gave to my friend Mr

A. CoNNELL a quantity of this substance to be analyzed, and he reports it to be

carbonate of lime, containing also some admixture of magnesia and iron. Some-

times this substance is found beautifully crystallized, coating di"usy cavities, in

the heart of the coal-seams. Sulphuret of iron, too, in a crystallized state, is

abundantly met with filling both cavities and fissures in the coal.

* It is impossible to form any correct opinion on such a point as this, except upon a very exten-

sive range of facts. I have commenced a table shewing the direction of the backs and cutters in diffe-

rent parts of the district, which will be found in the Appendix B.
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(2.) It is unnecessary to say much in regard to the internal structure or com-

position of the limestone strata. They have all the dull and argillaceous appear-

ance common to the limestones of the coal-measures, without the least symptoms

of crystalline structure.

There are the same sets of fissures in limestone as in coal. But they are by

no means so numerous. It is impossible to find a piece of cubical coal at the pit

mouth free fi'om fissures ;—whereas large blocks of limestone are quarried with-

out fissures. The principal fissures in limestone are distinguished from those in

the coal by being more open, and by frequently having their sides covered with

cup-shaped cavities. These are hollows in the rock, and are generally from 1 inch

to 2 inches in diameter, and about half an inch to 1 inch in depth. The sides of

a fissure in all other rocks are generally smooth. These fissures, when near the

surface, are generally fiUed with clay and various debris ; at greater depths, they

contain veins of calcareous spar.

With regard to the texture and composition of the limestone, aU who have

read Dr Hibbert's paper on the Burdiehouse limestone must be aware, that a

great difference exists, in these respects, in the limestone strata of the district.

The Burdiehouse limestone is slaty in its structure, whilst the Gilmerton, Coldcoat,

and superior strata, are solid and massive. After the former has been in the

kiln, it can be easily separated or split, even with the hand, into thin plates.

This peculiarity of structure appears to be owing to the abundance of vegetable

and carbonaceous matter in the Burdiehouse limestone, and which is generally

situated between its lamina. The nature and names of the vegetables found in that

deposit have been so fully stated by Dr Hibbert, that it would be presumptuous

for me to touch upon that subject : and for the same reason, I refrain from allud-

ing to the discovery in it of the fishes' teeth, scales, and spines, which Dr Hibbert

has so fully and ably noticed. In the superior limestone strata, none of these

fossils have been discovered : the only fossils known in them are marine shells

and zoophytes. There are no vegetable impressions in these upper strata.

(3.) In regard to the argillaceous strata of the district, the only interest at-

taching to them in respect of composition or internal structure, arises from the

fire-clay and ironstone they contain.

That they vary in thickness and in composition, like the other strata pre-

viously mentioned, is undoubted ; but I am unable to state the amount or the

direction, or the exact nature of that variation.

In truth, none of these strata have been worked so extensively as the coal

and lime strata, so that there are not the same means of obtaining information

regarding them. No attempt whatever has been made in the district to work

ironstone, though in some places it has been ascertained to be in considerable

quantity, and of good quality. This valuable ore occurs in two states, viz. in a

continuous stratum (termed " black band"), and also in small nodules or leiiticu-
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lar balls. At Dryden, there is a band in the lower series of coals (between the

glass and the stoney coal), 14 inches thick, which 3delds about 33 per cent, of iron.

It is understood that there is a still thicker band there, near the south parrot coal.

Whether or not this band runs, like the coals, throughout a great extent of country,

has not yet been ascertained. I have seen, in a bed of shale, thin seams of

black band, continuous for a few hundred yards, and then entirely cease.

The clay-ironstone of the district appears to occui' most frequently in the

form of balls or irregular lumps. It is a remarkable circumstance that eveiy one

of these is found to contain more or less organic matter. At Wardie they con-

tain the scales, teeth, coprolites, and other remains of fish.* At Cowpits and

Pinkie Burn, they contain large quantities of bivalve shells resembling a Unio.

There are apparently two species among the shells in my possession,—one of them

much more elongated than the other. The last has the round and tumid shape

of the species noticed in Dr Hibbert's paper as having been found at Burdie-

house ; but all the specimens I have seen from Cowpits are of a lai-ger size than

the Burdiehouse shell. The nodules containing these bivalves, are imbedded in

a stratum of shale about 2 feet thick, which forms the roof of a coal caUed the

" three feet coal." The stratum immediately above the shale is whitish sand-

stone, about 30 feet in thickness ; and above the sandstone is a bed of shale,

which forms the pavement of the Bar's coal. This muscle-band (as it is termed)

was seen not only at the two places just mentioned, but also at Midfield engine,

so that it covered a district in one direction of about three miles. There are strong

reasons for thinking that the same muscle-band runs south to Smeaton, and

that it also appears on the west side of the basin, at Jojypa (on the shore), at

Easter Duddingston old engine-pit, at Wanton Walls deep level, and near Somer-

side ; f so that it now covers between tAventy and thirty square miles of horizontal

surface.

VII. The next subject connected with the stratified rocks of the district; is

the sUps or fissures which traverse them. The fissures now referred to are very

different from those previously described,—which concerned merely the inter-

nal structure of individual strata. Those now to be described, traverse aU the

strata of a particular district, for many hundred yards or even for miles, and reach

to a depth which has never been ascertained.

These fissures (known to the colliers under the various names of hitches,

faults, dykes, troubles, slips) show that the strata they intersect have been broken

across; and that they have thereafter, on one or both sides of the fracture,

changed in their position, so that the fractured ends of the strata are no longer

* For an analysis of this ironstone, see Appendix C.

t All these places, except the first, ai'e stated on the authority of Farey.
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opposite to each other, but on one side have sunk down, or on the other side

risen up,—in some cases to tlie extent of several hundred feet.

I have been at considerable pains to obtain information regarding the slips

which occur in the district. The subject is one of extreme difficulty, arising from

the circumstance, that these slips can very seldom be discovered except in carrying

on mining operations. They are seen, therefore, only by the working collier ; no

geologist need attempt to find them and trace them himself. He must depend

entirely for his knowledge of the subject, on information to be elicited from others

;

and those others unfortunately belong in general to a class of persons, who are

neither very intelligent observers, nor very able to explain with accuracy what

they have observed.

Notwithstanding these obstacles and disadvantages, I have been able to col-

lect information regarding about 120 different slips. I have drawn green co-

lom*ed lines on the accompanying map, indicating the places through which the

most important of these slips run, and the direction of their course. The particular

spot where they have been proved is in general marked by a x drawn upon these

lines. It is unnecessary for me here to enter into any particular account of the

effects of each particular slip. There are about 110 of them marked on the map,

and numbered with reference to a table annexed to this memoir, which shews

exactly the circumstances and effects of each.* I may merely mention, that the

gi-eatest slip known in the district is what is called the Sheriff'hall slip. It runs

N.W. by W., and has produced a dislocation of the strata to the extent of 400 or

500 feet ; that is to say, the coals which are worked on the south side of the slip

near the surface, are on the north side of the slip 400 or 500 feet down below the

surface.

I shall now notice what appears to me the most important circumstances

characterizing the slips of this district.

(1.) They are all of unfathomable depth. There is no instance of any slip

which comes to the surface, having been found to end or disappear at any depth

to which coal operations have reached.

There is one example known of a slip which does not come to the surface.

It is in the Sheriff'hall colliery. There are there three seams of coal, viz. the

Beefle coal, the Diamond coal, and the Jewel coal, the last mentioned being the

lowest. This slip cuts througli the two last mentioned seams, but it does not

reach so far up as the Beejie coal. This slip runs due N. and S. It is not marked

on the map or on the table of slips.

(2.) The next point deserving of notice on this subject, is the direction of the

slips as they appear on the surface. This information is afforded by the table

I have compiled ; and it may be obtained also by inspecting the map.

On an examination of the table, it will be seen that, out of 109 slips the

* For this table, see Appendix D.
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directions of which have been exactly ascertained, there are 94 which lie be-

tween the north and west points of the compass, and of the remainder 7 run in

a direction due west.

(8.) The slips are here as in other places more or less vertical. I have heard

of none which deviates more than 15° from a vertical plane. This, however, is a

branch of the subject on which my information is yet imperfect.

But though I cannot state the precise angle which the slips make with a

vertical line, I have ascertained on which side they deviate from the vertical line,

or in other words, towards what point of the horizon they dip. There is a sepa-

rate column in the table for this information. The point now mentioned is easily

ascertained by means of a remarkable law, which prevails here, as every where

else, viz. that if a dislocation of the strata has taken place, and the fractured ends

of the strata are no longer opposite to one another,—then it is invariably found,

that the side of the slip on which the fractured strata are lowest is the uppermost

side of the slip ;—and knowing which is the uppermost side of the slip, and at

the same time its horizontal direction,—we learn at once the quarter towards

which it dips. Now, in almost every instance where a slip is met with in the

working of either coal or lime, it is an object of practical inquiry whether, and

how much, the metals are thrown down or cast up by the slip ;—and there are

few places where this point has not been most accurately ascertained. There

are 78 slips in the district, whose dip I have ascertained by the rule just men-

tioned. Of these, 35 dip to the south, and 43 to the north.

If each of these 78 slips produced an equal derangement of the strata, the

result on the whole would of course be to throw the strata down more towards

the north than towards the south, and in the proportion of the respective num-

ber of slips. The strata of the district are, in point of fact, thro^vn down more

to the north than to the south ;—but they are thrown down to a much larger ex-

tent than the above proportion ; for it appears from the table, that, whilst the

strata are thrown down by the slips dipping to the south 385 fathoms, they are,

by the remaining slips, thrown down to the north 754 fathoms.

(4.) These remarks are made with reference to the slips of the district gene-

rally. But the subject is one of such importance, both in a practical and in a

scientific view, as to deserve a more particular analysis.

a. It will be seen from the map, and by comparing the directions of the shps

with the croppings of the coal-seams intersected by them, that the slips are in

general nearly at right angles to the crop of the coals ; or, in other words, that

the rent or fracture of the strata is in the line of the dip and rise. There are no

examples of slips, (at least deserving any notice), which run parallel with the

cropping of the strata.

h. Farther, it will be seen from the map, that where the dip or the direction

of the strata continues uniform through a given district, the slips are all parallel

to each other. This, indeed, is a corollary which flows directly from the rule
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just stated. On the other hand, where the dip and direction of the strata pre-

sent considerable deflections, the shps cease to be parallel. For example, at the

Roman Camp, where the same individual strata wind round the hill, having al-

most a quaquaversal dip, the slips present a similar deflection, and converge to-

wards the top of the hill.

(5.) I may add, in reference to the slips, that they vary materially in width.

In some of them the sides of the slip are in contact with each other ; and in these

cases, I am informed, scratches or ruts are occasionally visible on the sides. The

late Mr Grieve mentioned to me one remarkable instance of this he had seen in

the great ninety fathom slip of Sherififhall. The scratches, he said, were neither

vertical nor horizontal, but formed an angle with the horizon of 30° or 50°, and

dipped towards the south-east.

In other cases, however, the sides of the slip are a few inches or a few feet

apart. The table notices several where they are nine feet apart. The chasm is

generally fiUed with the debris of the adjoining strata.

(6.) Sometimes the strata are found to be cast up as well as cast down on

the same side of a slip. This arises from the individual strata having been

tilted up at their opposite ends after being fractured, so that they, as it were,

intersect each other at some intermediate point. An example of this occurs at

Stobsgreen.

Another singular effect of a slip occurs at Prestongrange, where there is a

cast-down of a few fathoms at the west end of a slip, on the north side. This

cast-down lessens, however, towards the east, so that the coal-seam at last comes

up to the level of the same coal on the other side. But a little farther east, the

cast-down again increases. The explanation is, that, on the north side, the strata

dip from the common point of contact towards the east and west, more rapidly

on the north side of the slip than on the south.

(7.) Another circumstance deserving notice is, that the coal and other strata

intersected by slips are much shattered This prevails sometimes to a distance

of many yards from the slip. But it has been often observed, that this condi-

tion of things exists only on one side of a slip, not on both sides.

(8.) Very frequently, the strata near the side of a slip, rise suddenly up to-

wards it :—and it is important to remark, that this is always the case (so far as

I can learn) on that side of the slip where the fractured edges of the intersected

strata are lowest. The great slip of Sheriflfhall affords an example of this.

(9.) It would appear from the table, that the amount of dislocation produced

by slips increases towards the centre of the basin or dip of the strata, much more

frequently than towards the edge of the basin, or out-crop of the strata. The

proportion shewn by the table is as two to one.

Besides these points, there are many others of great importance,—such as,

whether the strata are always most shattered on the up-cast or the down-cast

VOL. XIV. PART I. M m
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side of a slip,—whether every slip has one which joins it at right angles, or any

other angle. On these, however, I will not enter. The data I have collected in

regard to them, are too meagi*e to warrant any conclusion.

VIII. Before concluding what I have to say regarding the stratified rocks of

the district, let me observe, that, in working the coal. Hydrogen gas and Carbonic

add gas are met with.

I am not aware, however, of hydrogen gas having been met with at more

than one place, viz. Prestongrange. The workings there are in the immediate

neighbourhood of a whinstone dyke, to be afterwards described. About a cen-

tury and a half ago, there was coal worked at Wardie ; and Sinclair mentions,

that one of the reasons why the working of it was abandoned, was the danger

arising from what he caUs " wild-fire," and which, from his description of its ef-

fects, could have been nothing else than hydrogen gas. His words are—" The

place where this (i. e. the wild-fire) was most known, was in a coal be-west Leith,

in a piece of land called Wardy, which, for want of level, and the violence of that

fire, the owners were forced to abandon." p. 294. I think that Sinclair's ac-

count mvist be erroneous, for Captain Boswall informs me, that, during his re-

cent operations in working and boring for coal, no hydrogen gas was met vnih.

The carbonic acid gas occurs in most pits throughout the district. It oc-

curs in the greatest quantity in the Roman Camp workings, which are close

upon the great body of limestone ; it is also very abundant in the workings of

the North Green at Gilmerton, and in the workings at Tranent. It has been sup-

posed that this gas is disengaged by the partial disintegi-ation of the subjacent

limestone, and that it rises up through the crevices and fissures. But in refe-

rence to this opinion, it is proper to observe, that choke-damp occurs in workings

of coal far removed from any limestone strata.

II. UNSTRATIFIED ROCKS.

I proceed now to an account of the unstratified rocks of the district. 1 . The

trap-rocks of the district may be conveniently divided into hills and dykes.

(1.) There are no hills or amorphous masses of trap within the proper boun-

daries of this coal-field. They are all beyond the ci'op of the workable coal-seams

and limestones. The only places where these masses of trap occur -are the fol-

lowing :

—

Lochend, Edinburgh Castle Rock, Calton Hill, Arthur Seat, Braid Hills,

Pentland Hills, Blackrock (near Blackshiels), Barrows (near Gifford), Morham,

Traprain, and the Garlton Hills. The greenstone and basalt occur at Lochend,

Salisbury Craigs, Black-rock, and Barrows. The Braid Hills, Pentland, Garlton

Hills, and Traprain Law, are composed of felspar po7yhyry. On the Calton Hill

and Arthur's Seat are enormous accumulations of t7'ap tufa.
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It is of course unnecessary for me to say one word of the trap-rocks at

Lochend, Calton Hill, Arthur's Seat, Braid Hills, or the Pentlands. They are too

well known to need any description here. Let me allude, however, to the Black-

rock-basalt, which I do not think has been before noticed. It occurs about half

a mile beyond the crop or outburst, as it is called, of the Crichton-dean limestone.

It is there extensively quarried for road metal. The popular name of blue whin-

stone gives a tolerably correct idea of its appearance. What struck me as most

interesting about this whinstone, is the form of its arrangement. It consists of

large cylindrical masses, though of irregular shape, some of them five or six feet

in diameter. These masses are associated together in the form of columns or

round pillars, about ten or twelve feet in diameter, and reaching to a depth that

has not yet been fathomed. The quarrymen work the rock by digging out of

these pillars the individual masses of whinstone ; and when they have been

worked to a considerable depth, these spots present the appearance of wells—or

rather of niches, as they are cut open on one side. The quarry having been ex-

tensively worked, there were, when I visited the quarry, eight or ten of these

niches, which presented a singular appearance at a distance. These semicircular

hollows are separated from each other by a few inches (not exceeding 18), the

interstices being filled up with disintegrated basalt and argillaceous matter, which

form veins. The structure of this rock is no doubt owing to imperfect and ex-

tensive crystallization, somewhat similar to what may be seen at Arthur's Seat.

The following section may help to render more intelligible the description that

has now been given. AB is a section of the hiU. C, C, C are the cavities out

of which the trap has been quarried.

]

At the west end of the Garlton hills, there is a section presented in a quarry

which is worthy of some notice. Over the soUd rock are several strata of disin-

tegrated trap, consisting of lilac-coloured clays, and small grained conglomerate,

each of these strata being not more than a few feet in thickness. The whole sec-

tion is about 12 or 15 feet deep, and 20 or 30 yards long. They slope at an angle

of 10° or 12° from the Garlton hills. They are overlaid by the debris of gravel

and boulders which every where cover the strata of the district. The following
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figure illustrates this description. A is a covering of gravel and boulders. B are

the stratified deposits of disintegrated trap. C is the solid trap rock on which

these strata rest.

C>.-o''-''ei:5-:v.c>'-"-iD;- "•<^---•J-- Ci"

(2.) There are three or four dykes of trap in the district, all of them except one

consisting of greenstone. The dykes are all situated within the limits of the coal-

field proper ; at least they traverse and intersect for the greatest part of their course

the workable coal and lime strata; and ifthey run out beyond the limits, it is merely

to join the hills of trap, which are on the immediate confines of the coal-field.

The first of these dykes which I may refer to, runs in an east and west direction,

about a mile south of Portobello. The line of it is crossed once or twice by the

Brunstain Burn. It runs in a direction N. 60° W., and its course is indicated on

the map by a double line, coloured green. It consists chiefly of clay, but containing

also a good deal of felspar ; and it contains other minerals common to trap-rocks

of that description. Its texture is tough, and it has a greenish-brown colour. In

one place not far from the new road leading from Dalkeith to Leith, it was formerly

quarried for the roads. It is there 50 or 60 feet wide. But it gets gradually thinner

towards the east, and terminates near Brunstain-house. It has not been traced

ferther west, I believe, than Niddry Mill, so that its known and ascertained course

is not more than one and a half miles in length. It is extremely probable that

it is connected with Arthm-'s Seat, the trap of which is in one part of the hill si-

milar to it in texture.

Another dyke may be traced from Morison's-haven by Preston, Seaton, Red-

coll, and so eastwards towards the Garlton hills, a distance of nine or ten miles.

This dyke varies greatly in thickness. At Morison's-haven it appears to be some

hundred feet thick ; at Bankton (about three and a quarter miles east from this

point) it is about 60 feet ; at Mr Cabell's railway (where it is quarried for the

roads) the north side or " veeze" of it is visible, but not the south side ;—Avhat is

visible measures 96 feet. Near Long Niddry, where it has been also quarried,

this dyke appears to be not more than 50 feet wide. This dyke runs in a direc-

tion E. by S.

- It will be observed that, on the map accompanying this, the Morison's-haven

dyke is represented as interrupted near RedcoU. I do not know whether it there

takes a turn to the south,—an occurrence to which I know no analogous case,

—

or whether there is another dyke which runs from that point towards the Garl-

ton hills, along a parallel line, which is situated half a mile to the south of the

line of the Morison's-haven dyke. Certain it is, that a greenstone dyke, though
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harder, larger grained, and more crystalline, shows itself SW. of Coats-farm, and

appears to run into the Garlton hills ; for it is again seen at a point SE. of Coats,

and about a mile from the former spot.

A third dyke makes its appearance at Cockenzie, and may be traced east-

wards running under Port-Seaton, and for a little distance along the shore. There

it is lost ; and as in the case of the Morison's-haven dyke, another greenstone dyke

takes on about 400 yards to the north. This second one runs by Boglehill, and

then by Harelaw, and so on to Redhouse Castle, beyond which I have not traced

it. The circumstances just referred to, suggest the notion that a dislocation of

the dyke had, at some period, taken place, and that they had then been separated.

But I merely throw this out for farther inquiry. The Cockenzie part of the dyke

runs E. and W., and at its west end measures about 76 feet across. The Bogle-

hill part of the dyke runs E.SE., and gets thinner towards the E. At Boglehill,

it is between 50 and 60 feet wide ; at Gordon-Spittle it is only 30 feet wide.

A greenstone dyke may be seen crossing the Water of Leith, a few yards to

the east of St Bernard's Well, and running in a direction N.NW. It is only a few

feet wide.

A greenstone dyke, probably connected with the one last mentioned, runs to

the north of Craigentinny House, by Lochend, Quarryholes, Hillside, Marshall's

Entry (Leith Walk), and Albany Street. It was worked formerly at all these

places—and, as I am informed, was seen at the east end of Abercromby Place, in

excavating for the foundations of the houses. It is between 50 and 60 feet wide.

It runs in a direction N. 14° W., or very nearly in that of the one last mentioned.

It seems to get thinner towards the west.

III. POINTS OF CONNECTION BETWEEN STRATIFIED AND UNSTRATIFIED EOCKS.

Having thus described generally the Stratified and the Unstratified Rocks as

separate and distinct classes, it may be proper next to notice some circumstances

which characterize them when they are in contact.

(1.) I need hardly, in the present advanced state of geological science, ad-

duce any facts to shew the alteration in quality or internal structure of the stra-

tified rocks, where they come in contact with trap. It is enough to say, that all

the well known phenomena—of the coal having much of its bituminous qualities

expelled,—of the sandstone, shale, and other strata being hardened, &c., when in

contact with the trap-dykes, occur in the district. These effects were most par-

ticularly observed along the Niddry dyke.

(2.) There is one phenomenon, however, which is said to be common else-

where in such circumstances, but which I have not observed, and which I rather

think does not occur here at all. It is said that strata, when intersected by trap-

dykes, are very much altered in their relative position ; and that, as in the case of
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slips, the strata are " cast down" on one side of the dyke, or " cast up" on the

other. This, however, is not the case with the three principal dykes above men-
tioned intersecting the coal-seams, viz. the Niddry dyke, the Morison's-haven

dyke, the Cockenzie dyke.

The Niddry dyke, as already explained, runs for about two miles, and is in one

part 60 feet thick. It produces no derangement of level in the strata. But it is

important to observe, that, at Brunstain, where this dyke thins away to nothing,

and at which point a slip or fissm-e runs towards the east as if in continuation of

the dyke, the strata are deranged. They are down on the north side, or up on

the south side, 15 fathoms. The strata, though they are neither cast up or thrown
down at this dyke, suffer a change in their direction. It will be seen from the

map that they, along the line of the dyke, form an angle with each other, the

inner sides of which face the west.

The Morison's-haven dyke was bored through in 1836 by the late Mr Grieve,

lessee of Preston colliery. He told me that, on working the coal up to the north

side of the dyke, and driving an adit through it, he found the same seam of coal

immediately opposite, shewing that there had been no derangement.

The only reason I have for beheving that the same holds true with the

Cockenzie dyke is, that Sinclair, in his Hydrostatics, makes the following state-

ment in regard to it :
" In the Earl of Winton's ground at Cockeny, there is

found a course of coals and freestone, dipping to the SE. in the Links ; and upon
the fuU sea-mark, there is a tract or course of wliin-rocks, lying E. and W., under-

neath which these coals and stones come through, without alteration of course,

and are found within the sea-mark, with the same dip and rise upon the north

side they had upon the south side of the said rocks.

The whin rocks within sea-mark which Sinclair alludes to, must be the

Cockenzie dyke, and which he states does not alter the course or the dip of the

coals.

I here conclude the First Part of my Memoir. In doing so, I leave entirely

unhandled, and even untouched, many subjects which might have fallen within

a geological description of the district, had I aimed at describing every thing pos-

sessing geological interest. I have, for example, taken scarcely any notice of

the ironstone existing in the district, and alternating with the coals. I have

omitted all notice of the vast, though partly explored, field of organic remains.

My reasons for not attempting to describe these and other topics of interest, are

chiefly two. (1) Because, to have treated of every subject with any degree of

accuracy, would have been to compose a work, and not a memoir for this Society

;

and (2), Because the matters to which I have applied my attention are of them-

selves so important as to deserve a separate description, and are, moreover, so

difficult of ascertainment, that they require to be investigated by one who does

not allow himself to be distracted by other objects.
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The only proper foundation for any attempt to explain the laws of nature, is

an extensive collection and accurate classification of facts. If this is true in re-

gard to all the physical sciences generally, it is peculiarly so with regard to Geology,

in which most of the relations are extremely complicated, and not easily discovered

or observed. Therefore it is that, in describing so minutely the subjects noticed in

this first part of my memoir,—and above all, in assorting together in a conve-

nient and visible form the facts therein described,—my object has been to lay a

foundation, on which the explanations to be offered in the next part of the me-

moir can safely rest : for the same process of reasoning which has been so success-

fully employed in explaining the phenomena of Chemistry and Astronomy, must,

if properly applied, prove no less successful in explaining the phenomena of

Geology.

11. EXPLANATORY PART.

Having concluded my narrative of facts, descriptive of the rocks of the dis-

trict, I proceed next to offer some remarks, with the view of explaining these facts.

In doing so, however, I will not prevent myself from noticing any additional cir-

cumstances, necessary for illustrating these explanations.

Before beginning to reflect upon the various phenomena of the district, it is

proper to have some idea of the geological epoch when the strata existing in it

were formed, and to consider their relation to the neighbouring hilly ranges.

The coal-measures of the Lothians are bounded on the south by the Lam-

mermuir Hills, which consist (as is well known) almost entirely of greywacke

strata. I say almost entirely ; for amongst them we find great masses of trap, as

at St Abb's Head, Oldhamstocks, Cockbumlaw, Fassney, and Soutra Hill. At

the three places last mentioned,—whole hills of granite exist,—a fact not generally

known. Now, along the whole north flank of this range of hills, there occur the

same description of strata as those which compose the district more immediately

the subject of the present memoir. It is true that the coal-seams and lime-strata,

where they approximate these hills, are scarcely if at all worhahle. It is only at

La Manclia, Middleton, and one or two other places, that they become thick

enough for that purpose. But there can be no doubt that the thin seams of

coal and limestone worked there belong to the series of measures previously

described ; and there is scarcely any doubt that these thin seams of coal and lime

can be recognised and identified as particular members of that series. Near

Blackshiels, for example, there are two or three thin seams of coal, which lie un-

der the Crichto7i Dean limestone. These coal-seams have been found under the

same limestone at other places, as at Middleton, at Trahroom (in the parish of

Gladsmuir) at Alderstone, at Coalstone, at Moreham, at Amisjield, at Dunglass,
" and various other localities in East-Lothian. Moreover, at many of these localities,
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the superincumbent limestone occurs, and is now, or was formerly extensively

worked ; —as at East Salton, Tra'prain Law, Palmerston, Dunglass, Broxmouth,

and even as far north as North Berwick. In fact, this lowest limestone stratum,

with its subjacent thin seams of coal, spread over and as it were undulate through

the greater part of East Lothian. This at first sight is somewhat inconsistent

with the fact, that these identical strata crop out on the east side of what I have

called the Tyne basin ; but this apparent anomaly disappears, Avhen it is explain-

ed, that along the eastern margin of that basin there is an anticlinal Une, formed

by these strata dipping down again, though very gently to the east, and constitut-

ing, in fact, a third but very flat and extensive basin in that direction. This

basin reaches even to the sea on the north-east and east;—and is in various

parts much broken up and interrupted by eruptions of trap, of which the Garlton

Hills, Traprain Law, North Berwick Law, and Whitekirk Law, are the principal.

But, notwithstanding these interruptions and exceptions, I state it as a proposi-

tion generally true, that the same coal-measures which fill up the valleys of the

Esk and the Tyne, stretch to the sea at Aherlady, North Berwick, and Dunbar,

and skirt the northern flanks of the greywacke hills from the shore at Dunglass

as far west as La Mancha in Peeblesshire.

Between these greywacke hills and the coal-measures, there lies an interme-

diate formation, which corresponds with, if it does not constitute, the old red

sandstone formation. It consists of red slaty sandstones, some strata of red clay,

and thick beds of a red conglomerate. This intermediate formation is on an

average not more than 150 yards in thickness. The conglomerate is uniformly

in the lowest part of the formation, resting immediately on the greywacke. It

may be seen at a great many points close to the hills,—as, for example, at King-

side Edge, Middleton, Blackshiels, Woodcot, Dunglass, and Thurston. The rock

consists of rounded pebbles, from the size of a walnut to that of a cocoa nut

;

they are imbedded in a clay basis, coloured and hardened Math iron, and they

consist chiefly of greywacke, though occasionally also of the peculiar kinds of

trap which occur among the Lammermuir Hills.

It is not merely at the foot of these hills that the conglomerate occurs. It

may be seen also at the opposite side of the coal-field, and apparently rising up

from under it ; as for example at Craigmillar and at Libberton, where it is in the

same relative position, viz. under, and a considerable way under, all the coal and

lime strata. I believe the same coarse conglomerate occurs in other places, along

and under the western side of the coal-basin, as at the Pentland Hills, though I

have not myself seen it there.

This conglomerate is (as I have said) the lowest member of the old red sand-

stone-formation. Its upper parts consist of red slaty sandstones, containing a

good deal of mica. Their smooth surface often exhibits white round spots, formed,

as I conceive, from a chemical change in the iron with which the stone is im-
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pregnated. In the centre of the spot will generally be found a filament of iron,

derived, as I conceive, from the blanched part of the stone. These white spots

are common in this old red sandstone-formation, as well as in the new red sand-

stone-formation lying over the coal-measures, and a portion of which occurs in

Berwickshire and Roxburghshu-e. But I never saw any in the red sandstones of

the coal-measures proper.

It is hardly necessary to explain, that, in this older formation, there is not

the slightest appearance of coal or lime ; and I may add, that, so far as I know,

no organic remains have ever been found in these red sandstones.

The strata of this formation rise to the hUls, and dip under the coal-measures.

They are steepest where they are near the hills ; and they seem to lie conformably

with the coal-measures.

From the short outline which has now been given, it is obvious that the coal-

measures of this district must have been formed, not only at a subsequent epoch,

from that in which the greywacke strata of the Lammermuirs were formed, but

under conditions totally different. Every thing leads to the conclusion that these

greywacke strata, after their formation and consolidation, had been thrown up

by volcanic agency ; and that, after this period, there had been deposited on their

flanks, first a series of red sandstones, and next the series of strata commonly

termed coal-measures, which have been particularly described in this memoir. It

may be proper to observe, that, on the south side of the Lammermuirs (viz. in

Berwickshire and Roxburghshire), there is a deposit first of red sandstone, and

secondly of coal-measures, possessing exactly the same general features which

these formations have on the north side of the range,—so that it is more than

probable that these sedimentary strata were formed on both sides of the range of

hUls, by the same agents, and under similar, though certainly not exactly the

same circumstances.

What those circumstances were, can best be discovered from an examination

of the strata themselves ; for, if properly examined, they will be found to con-

tain, to a considerable extent, internal evidence of their origin and history.

It is hardly necessary to enter upon any formal demonstration of the now
generally received opinion, that most if not all the strata composing the old red

sandstone and carboniferous formations must have been deposited in an aqueous

medium. The beds of conglomerate, skirting the sides of the Lammermuir Hills,

composed as they are entirely of greywacke, and occasionally trappean boulders

and pebbles, cannot be explained in any other way than by supposing them to

have been washed down from the adjoining hills, and to have accumulated along

the margin of a sea or lake. In like manner, the sandstone strata which lie over

these conglomerates, composed as they are of sand and occasionally fine gravel,

necessarily point to a similar condition of things. This inference, obvious from the
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ver}'^ nature and situation of the sandstone strata, becomes still more obvious, on

considering some of the facts mentioned in the first part of this memoir. It was

shewn by statistical details, that, of all the strata, none is so irregular or variable

in thickness as sandstone. This is at once explained by the greater weight and

specific gravity of its ingredients, which causes it to be deposited more quickly,

than fine muddy sediment out of which the shales and limestones were formed.

The latter can remain suspended for a longer period, and in fact wiU not sink to

the bottom in any considerable quantity till the water becomes comparatively

tranquil. In this way there is time allowed for the sediment being equally dis-

tributed through the aqueous medium before it reaches the bottom ; so that, after

it does reach the bottom, it forms beds or layers of tolerably uniform thickness.

But the case is quite otherwise with siliceous sediment. It is transported but a

short way before it faUs to the bottom. There is no time for it therefore to be

diffused equally over the district ; and the consequence wiU be, that the beds or

deposits of sandstone will, generally speaking, be of very variable and irregular

thickness. Whilst, on this subject, I may be permitted to refer to the examples

given in the first part of this memoir, of the sudden variations in the thickness

of sandstone strata, and in particular to the account there given of that remark-

able " Saddle-back," as the coUiers term it, which occurs in the upper part of

the coal-basin. It is a sandstone rock, which lies over a particular coal-seam.

I can compare it to nothing except a sand-bank, such as is formed in our exist-

ing seas. It is at its base about 120 fathoms in width, and it has been traced

running in a S.SE. direction for about three miles. It is of a semicircular form,

the lower part or base of it being perfectly flat. The top is about 10 fathoms

from the base. It is quite impossible to look at the position of this sandstone

bed, and see the manner in which the various strata of shale, sandstone, and

coal, come up to the sides of it, and then rise over it, diminished in thickness,

but not fractured or deranged, without being convinced, Jirst, that the sandstone

rock has been formed at the bottom of an aqueous medium agitated by currents

;

and, second, that these other strata had been afterwards deposited in the same

medium, when m a state of comparative tranquillity.

So far with regard to the manner in which these several strata were formed

;

and the reason why the sandstones should be more variable in their thickness

than the other kinds of rock. But after these strata were formed, they would

be liable to be worn down and occasionally hollowed out by the agency of cur-

rents ; and, therefore, if the above theory as to the mode of their formation be

true, we ought to find in the rocks of this district examples of such erosive ac-

tion. Tills inference is verified by the fact ; for, it may be remembered that, in

the first part of this memoir, several examples were given of hollows in the strata,

which were shewn to be fiUed or occupied by the particular stratum lying over
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it, and which, of course, exhibited at that spot a bulging out or protuberance

below, whilst it was perfectly flat or level in its upper part. * It is not possible

to explain such facts in any other way, than by supposing that these strata were

deposited at the bottom of a body of water, which, in certain parts, or at certain

periods, was still and tranquil, and which, in other parts, or at other periods, was

agitated by currents.

I might, in reference to the same inquiry, have alluded to the vegetable re-

mains, and especially the large trunks of trees found imbedded in the sandstone

strata, and which must have been transported to that situation by some power-

ful agent. But it is quite unnecessary to do more than barely allude to this

additional palpable proof of the existence of an aqueous medium, at the bottom

of which these sandstone strata were deposited.

I might, in like manner, point to the shale and limestone strata of the dis-

trict, as proving incontestibly the existence of a large body of water ; for, that

they were all deposited in water, no one can doubt, who but looks at the innu-

merable shells, zoophytes, fishes' teeth, and other exuviae with which they

abound.

I have not yet spoken of the formation of the coal-seams particularly and

specially ;—though, as being parts of a series, all the other members of which

are proved to have been deposited at the bottom of a sea, it is a fair conclu-

sion that they must have been formed by the same agent, though in circumstances

somewhat different. There are some geologists, however, who maintain, that the

vegetables which compose, or are found imbedded in the substance of coal, have

actually grown and flourished on the very spot where we now find them ; that the

vegetable ingredients of coal have been accumulated, not at the bottom of the

sea, but on the surface of dry land, either in the same manner as peat, or in ex-

tensive marshes. I am not now going to enter into all the details of this con-

troversy. I wish only to mention one fact, which appears to me to go far to put

an end to the controversy altogether. I allude to the discovery in the coal-seams

of this district of fishes' teeth, spines, and scales. The discovery was first made

by Lord Greenock about four years ago, and he exhibited a number of specimens

to the British Association. These specimens, I observe fi-om his Lordship's paper,

as published in the Transactions of the British Association, were found in the

shale or blaes which lies immediately above and in contact with the Jewel Coal,

at Sir John Hope's colliery near New Hailes. But similar remains have also

been found in the substance of the coal itself;—and not merely in the Jewel

Coal, but in another seam of coal, at the same place, called the Splint Seam,

which, at that colhery, is about 33 fathoms above the Jewel Coal. These teeth,

scales, and spines, are generally about four inches down below the upper surface

* See page 261.



284 MR MILNE ON THE MID-LOTHIAN AND EAST-LOTHIAN COAL-FIELDS.

of this coal. The following figure will shew the exact part of the seam occupied

by these interesting relics :

1, Is a thin seam of fine cubical coal half an inch 1-

thick.
2.

2, Is a band of parrot coal from 2 to 4 inches thick.

3, Is the division between the parrot coal and the ^•

splint coal, and about one-fourth of an inch

thick;—along this line are the fishes' teeth

and scaleSj imbedded in coarse coal.

4, Coarse splint, 1^ feet.

5, Good splint, I4 feet.

4.

The fact now stated seems to be quite irreconcilable with the notion that

the vegetable matter that was ultimately converted into coal, could have ac-

cumulated on dry land, or any where else than in an aqueous medium of con-

siderable depth.

I do not at present allude to the inquiry, whether this body of water was

salt or fresh,—or how the vegetable matter was transported. I wish here only

to shew, that the coal-strata must have been, in common with the other mem-

bers of the carboniferous series, formed by successive layers at the bottom of an

aqueous medium of some kind or other. I have said that this body of water must

have been of considerable depth : it is still more clear that it must have been of

considerable extent. For as several individual members of the series have been

traced throughout the whole of Mid-Lothian and East-Lothian, it is evident that

it must have covered these counties at least, and probably washed the base of

the present Lammermuir Hills, both on their north and on their south flanks.

The next question, in our attempt to explore the origin of the several kinds

of strata constituting the coal-measures of this district, is,—From what sources

were derived the elements or ingredients which compose these strata ?

That they were all derived from one and the same locality, or even from

the same quarter of the horizon, is extremely improbable. We can easily con-

ceive that the greywacke hills of the Lammermuirs should have supplied the

aluminous ingredients which compose the shales and clays of the district ; and

that the vegetation which covered them afforded, to a certain extent, materials

for the deposits of coal. But it is obvious, that these hills could not have pro-

duced the enormous quantities of siliceous matter which compose the sandstone

strata : for, in point of fact, silex enters, to a small extent, into the composition

of these greywacke rocks ; and, though it is probable that what is called the Old

Red Sandstone has been, in a great measure, derived from the Lammermuir

Hills, these red sandstones contain a much smaller proportion of silex in them

than the sandstones of the coal-measures. Indeed, it is obvious, that, had there
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existed in the greywacke group as much sihceous as aluminous matter, the re-

sult of denudation, in these circumstances, would have been, not alternate layers

of sandstone and shale, but a confused mixture of both in one and the same

mass.

It is infinitely more probable that the elements of these several strata were

derived from different quarters. Thus, it may be supposed that the siliceous

matter was washed down from the primitive formations situated to the north and

north-west, in Perthshire and Stirlingshire, whilst ahiminous matter was washed

down from the gi-eywacke hills situated to the south; and that these several

supplies were brought down at different periods, so as to give time for the depo-

sition of one kind of sediment before the arrival of another kind. This hjrpo-

thesis as to the particular districts from which the elements of the shales and

sandstones have respectively come, is, of course, little better than conjecture,

and is adduced merely in illustration of the possible explanation. It is, how-

ever, a confirmation of it, that the siliceous matter which pervades the district

is, on the whole, much more abundant than the aluminous matter, and that the

sandstone rocks are much thicker in the north-west part of the district than in

the southern parts. From the same source, must of course have been derived

that remarkable " saddle-back" of sandstone which I have more than once al-

luded to as running from New Craighall towards the south, and which has been

deposited exactly in the direction to have been expected, if the supply of sili-

ceous sediment came from the north.

It is proper, however, to observe, that this conjecture as to the arenaceous

sediment having been brought from the west, is inconsistent with the position of

the fossil trees imbedded in the sandstone rocks. In 1830, a tree was excavated

from Craigleith quarry, 59 feet in length, having a diameter of 5 feet at its lower

end, and 2 feet at its upper end. The tree dipped S. 70° E., at an average angle

of 34°. The strata in which it was deposited dipped towards the E.NE., at an

angle of about 13°. It seems probable, that the whole strata of this quarry have

been raised by Corstorphine Hill ;—on which account, we may assume, that the

original dip of the tree was about 28°. It may be added, that the lower end had

some appearances of roots,—and at that end, there was a sort of trough in the

strata :—that is, they there suddenly dipped on each side of the tree towards the

south and north.

In 1833, another fossil tree was discovered, about 300 yards to the west of

the former. It is 32 feet in length ;—^but it has not yet been entirely excavated.

The diameter of its lower end is about 3 feet, and of its upper end about 1^ foot.

This tree dips S. 50° W., at an angle of about 46°. The strata in which it is de-

posited dip E. by N., at an angle of about 25° ;—so that its original dip may be

assumed at 32°. On several parts of the trunk, branches or the remains of

branches are very apparent. It is only on the under side of the tree that any
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whole branches exist : there are none on the upper side, but there are several

sockets where branches of large size have been, and from which they have been

apparently torn off.

It will be observed, from the description now given, that both of these trees

slope in nearly the same direction, having their heads towards the W.NW. If

these trees were transported by currents, and Avere at length arrested by their

roots, or sticking in silt or sediment, their upper ends, especially if any branches

remained on them, would slope upwards in the direction of the current. If no

other circumstance interfered, this would undoubtedly be the case ; and if it ap-

pear that all or the great proportion of the fossil trees in the district have their

tops towards the same quarter, they may be considered as affording a true and

unequivocal indication of the direction of the current which transported them.

I have been unable to learn with anj'^ thing like precision the direction of the

other fossil trees found at Craigleith. One was discovered very recently at

Granton, the thickest end of which lay in a direction E.NE.

I have not said any thing of the origin of the limestone, a subject which

seems as yet to baffle the skill of geologists. AU are agreed that it was formed

at the bottom of an aqueous medium, but, from what som-ce the calcareous in-

gredients came, has not been discovered,—some imagining that it has been

transported from a distance, like the sediment of shale and sandstone,—others

that it has been suddenly produced by chemical agency of some sort. The diffi-

culty of the former theory, in such a district as this, is to discover where the cal-

careous matter could have come from. There are not, near the district, any older

limestones, by the degradation or attrition of which materials could have been

provided for the creation of these carboniferous limestones ; and, moreover, they

thicken towards the Lammermuir Hills, among which there is not a particle of

lime. It is indeed a fact of a very singular character, that the stratum of hme-

stone which, in the north part of the district, does not exceed 4 or 5 feet in thick-

ness, should regularly and uniformly thicken towards the south, and that, where

it is close upon the greywacke range, it should reach a thickness of betw^een 30

and 40 feet. In the former part of this memoir, I mentioned another fact, which

I think ought here to be kept in view ;—^viz. that beds of shale, which in other

j)arts of the district contain little or no lime, become tow ards the south " bastard

limestones."

It appears to me, that these facts strongly support the theory of chemical

agency. Water, when cool, can hold carbonate of lime in solution, provided

there is an excess of carbonic acid. But, if heat be applied to the water, so as

to drive off a part of the carbonic acid, a precipitate immediately takes place.

Now, it is probable that the estuary which covered this district was warmer along

the flanks of the hills than elsewhere, and for two reasons,

—

one is, that it was

shallower, in consequence of which, the influence of the solar and atmospheric
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heat would there have more effect on it,—the other reason is, that, supposing the

greywacke hills to have been elevated by subterranean heat, the water along

their sides would be warmed, not only from being in contact with them, but also

from being near the vents and fissures communicating with the source of heat.

On this principle, the fact that the limestone stratum lying under the North

Greens coal, is eight or ten times thicker near the Lammermuir Hills than at

Duddingston, may be explained. But the theory now suggested may be applied,

not merely to explain the particular phenomena here adverted to. It may serve

to explain the deposition of limestone strata in all situations. We see, that

during the period when the strata which compose this particular coal-field were

being formed, there were altogether five or six deposits of hme. May this not

have been caused by heat being communicated, from subterranean sources, to the

aqueous medium holding the carbonate of lime in solution ? At each accession

of heat, there would be precipitated a stratum of lime, extending more or less

over the whole district, in proportion to the general diffusion of the heat. This

agent would be more efficient in its operations at first, i. e. before any great num-

ber of strata had accumulated ; for, in proportion to that accumulation would be

the distance of the aqueous medium from the subterranean heat, and the means of

intercepting it. Accordingly, we find, that, in this district, the thickest deposits

of lime are in the lowest parts of the basin, and the thinnest above ; and further,

that, in the upper half of the series, no lime strata exist at all.

In saying that, in the upper half of the series, there are no lime-rocks, we do

not mean to say that the strata are entirely devoid of all calcareous matter. It

is found that the sandstones and shales are in all parts of the series more or less

impregnated with carbonate of lime. For example, in the Craigleith sandstone,

a small proportion of this substance exists. It is a remarkable fact, that, in the

fossil trees imbedded in the Craigleith sandstone, carbonate of lime should form

more than one-half of their substance, and that oxide of iron and magnesia should

exist also in a considerable proportion, whilst hardly any silex is to be found in

them. It is very obvious, from these facts, that the sandy sediment had been

deposited at the bottom of an estuary which held in chemical solution a large

proportion of carbonate of lime, magnesia, and iron. The liquid containing these

substances would soon make its way into the interior of the trees, though the

grains of sand could not ; so that, when the water evaporated, these carbonates

would be left in the substance of the fossil.

The view above suggested, for explaining the greater thickness of the lime-

stone strata near the Lammermuir range, might be employed to explain the large

proportion of iron in the old red sandstone formation : for, if bicarbonate of iron

was held in solution by the waters which covered the district, the higher tempe-

rature of the water along the flanks of the hills would drive off a part of the car-
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bonic acid, and cause a precipitate of carbonate of iron, among the sediment accu-

mulating in these parts.

With regard to the source from which the ingredients of the coal strata were

derived, it is impossible to say any thing, without more extended observation.

It certainly is a very remarkable circumstance, that all the coal-seams should

be thickest in the north part of the district, and that they should all thin away
towards the south ; nay, that some of them should entirely disappear before they

reach that limit. It is not an unfair conclusion from this fact, to hold, that

there must have been a larger supply of vegetable matter in the north than in

any other part of the district ; and if this be so, it would seem to be a corollary,

that the dry land which supplied, if not all, at least the largest quantity of ve-

getable matter, was also towards the north. I have already observed, that,

judging from the accumulations of sandy sediment in the district, there was pro-

bably dry land to the N. and NW. Moreover, if it be true (and it does seem

extremely probable) that the Fife coals form part of the same deposit to which

the Lothian coals belonged, the theory now suggested receives strong confirma-

tion ; because there the coal-seams are still thicker than at Gilmerton, Niddry,

and Wallyfbrd. Mr Landale, in his valuable paper on the Fife coal-field, states,

that one of the coal-seams at Dysart is 21 feet thick, and that there are three

others, each of which exceeds 10 feet in thickness. In Mid-Lothian, the thickest

seam is 14 feet thick ; and the next in point of thickness is less than 10 feet.

There is still another subject connected with the origin of these several

strata deserving of attention. How have the elements that compose them been

transported? Have they been transported by means of rivers? This notion

does not appear inconsistent with the conditions presented by the shales and

sandstones, and, on the contrary, it is absolutely necessary, in order to answer

some of these conditions, implying, as they do, the existence of powerful currents.

How else could the enormous trees found in the Craigleith sandstone, at New
CraighaU, and at the Roman Camp, have been transported ? Trees of such weight

and size could not have been carried off fi-om their native sites except by an

agent of considerable power; and it is worthy of remark, that the strata in

which they have been found, are invariably sandstone, which, as already re-

marked, indicates generally the prevalence of agitated waters. In what manner

the supposed rivers became charged with such accumulations of sedimentary

matter, and loaded with the spoils of primeval forests, it is difficult to imagine,

—

except on the assumption, that, by occasional, or periodical inundations, they

overflowed their ordinary banks.

It is not quite so easy to conceive in what manner the vegetables that com-

pose the actual co«/-seams were collected and drifted down. We see from the

tables and sections of this coal-field, that it was only at particular periods.
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during the formation of the whole basin, that these vegetable accumulations

took place. Are we to suppose that, at these periods, a more extensive inunda-

tion than usual occurred, whereby a larger quantity of vegetable matter was

carried off? This would imply a degree of violence, inconsistent with the per-

fect integrity of the plants (many of which are very delicate) preserved in the

coal-seams. The circumstance that these vegetable debris would be mixed and

entangled with sand and mud, whilst, in the actual coal-seams they are free

fi'om all such admixture, presents no difficulty,—because they would continue to

float long enough to get quit of the soil attached to them. Besides, there might,

even after deposition, be a separation of the earthy from the vegetable matter.

But, would the quantity of vegetable matter floated down in this way, be suffi-

cient, when it sunk to the bottom, to overspread the whole district,—(a district,

be it remembered, in one direction fourteen miles in extent), so as thereafter to

form one individual seam of coal ? Look, for example, at the North Greens seam.

It crops out for eight or ten miles, along the south side of the Pentlands,—and

then, at Carlops, it turns round towards the SE., skirting the foot of the Lammer-

muir Hills towards the east. We must suppose that every part of the sup-

posed estuary was entirely covered with a mass of floating vegetables ; and not

only so, but that this mass became gTadually, uniformly, and regularly thinner

towards the SW., S., and SE. I confess it is not easy to conceive such a condi-

tion of things ;—for, unless it can be assumed that the sea in which this widely

extended mass floated, was calm, and free from currents, the continuity of the

mass, and its uniformity of thickness, must have been destroyed.

A good deal, therefore, depends on the extent and character of the aqueous

medium in which the coal vegetables were floated, and at the bottom of which

they were deposited. If it was a small and shallow lake, the waters of which

were still and tranquil, there would be little difficulty in the problem. Or, if it

was an arm of the sea, narrow and land-locked, so that its waters could not be

agitated by the swell of the ocean or by extensive currents, the difficulties would

not be insurmountable. But this could not have been the character and condi-

tion of the waters, at the bottom of which the strata of the East-Lothian and Mid-

Lothian coal-fields were deposited. We have seen, that whilst towards the west

they washed the base of the Pentland Hills,* towards the south they reached the

Lammermuir Hills, and stretched alongst their range even as far as Dunglass,

(a distance of about thirty miles), and covered the whole of the present counties

of East and Mid Lothian. Moreover, into this expanse of waters we see that

* This is on the supposition that the Pentland Hills had been ejected and formed before the epoch

of the coal-measures. If they were ejected afterwards, then the coal-seams must have extended much

farther towards the west than they do now. I admit that it is by no means easy to determine whether

the Pentland Hills were elevated before or after the deposition of the carboniferous rocks. On this point

see some observations in the notes explanatory of the Map in the Appendix.
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rivers flowed, charged with the spoils of the dry land ;—and that these rivers

were of great depth and magnitude, is obvious from the number and size of the

trees which they transported.

It is impossible, therefore, to assume, that the waters in which the coaly ve-

getables floated and sunk were free from cm-rents,—and currents of very con-

siderable force. It is true that these cm-rents may have been more powerful at

one time than at another. When any great inundation took place, whereby im-

mense quantities of vegetable matter were swept from the plains and marshes,

the cuiTcnts would be greatest ;—and then there would be immediately a deposi-

tion, first of sandstones and next of shales. It would be some time before the ve-

getable masses would sink ; and undoubtedly the waters would then have attained

a more quiescent state. But still, unless it be supposed that the rivers were at

times altogether dried up, there must have been currents to interfere greatly

with the equal distribution of the vegetable matter.

Such would be the case, even on the supposition that the waters which co-

vered the district were entu-ely fresh-water, and not subject to the action of the

tides. But this would be a supposition far more favourable than the facts war-

rant. The existence of shells and zoophytes, undoubtedly 7narine, in beds of

shale* and limestone, which occur in the lower half of the deposit, proves in-

contestibly, that the waters were at that period entirely salt, and therefore pro-

bably subject to oceanic tides. This circumstance, therefore, must be taken into

account in considering the whole question.

I may here observe, that whilst the waters which covered the district were,

during the deposition of the lower half ofthe strata, of decidedly marine character,

they were latterly, in all probability, mixed with a larger proportion, if they did

not entirely consist, of fresh water. It will be remembered, that it is in the upper

series of coals that the two species of U7iio occur, forming a bed extending for

many miles. This change of character in the waters, is precisely what would be

expected, if there were rivers which, either incessantly or periodically, spread

over the bottom of the estuary large supplies of sedimentary matter. The bot-

tom, as it rose in level, would gradually push back the sea, and thus alter the

proportions of salt and fresh water, tiU little of the former remained. From

this, another effect would follow, viz. the greater influence of currents, arising

from the river-floods, so that in the upper part of the deposit we ought to find

greater irregularity in the thickness of aU the strata. This inference agrees

* In the shale which forms the roof the Rough or Kailblades coal at Bryants (situated about 25 fa-

thoms above the North Greens coal), I have found a species of Xzw^w^a in great abundance. It appears

to belong to a species undescribed. It resembles most the Lingula Beanii. (Phillip's Yorkshire, i. 128.)

In the shale which forms the roof of a coal-seam near Rutherford Inn, (in the parish of Linton), I have

found innumerable remains of the Producta costata (Phillips), with the spines well preserved. The

coal-seam is double,—the upper pai't being 16 inches thick.
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with the fact ;—it is in the upper series of coals, that the sandstone " saddleback"

of New Craighall, and the diamond coal (the most irregular of all), occur.

These views may, at first sight, appear inconsistent with the fact supposed

to have been demonstrated by Dr Hibbert, that the limestone of Burdiehouse

and the strata contiguous to it, lying at the very bottom of the coal-basin,*

were deposited in waters nearly if not entirely fresh. But there is no real in-

consistency. Burdiehouse is nearer to the Pentland Hills than any other part

of the basin. It was therefore nearer the shore of the ancient sea, than the Gil-

merton limestone was ;—and it is not difficult to understand, how there may have

been a greater admixture of fresh-water at the former place, than at the latter.

I remarked, in the first part of this Memoir, that, beneath every seam of coal,

there is invariably a bed, more or less thick, of clay. This is perfectly consistent

with the notion, that the coal-seams owe their origin to accumulations of vegeta-

bles uprooted and carried off, having attached to them a quantity of the soil on

which they grew.

But whatever be the way in which the vegetables composing the coal strata

have been brought, it is exceedingly probable, from the internal structure and

organization of coal, that, after its deposition, the vegetable matter has been in-

fluenced by chemical affinities ;—and this circumstance may have to a certain ex-

tent assisted, in creating a uniformity of thickness in the different strata. In one

and the same seam of coal, it often, nay, it most generally happens, that there

exist several different kinds of coal. For example, in the " Great Seam," there is

(1), the rhomboidal, cubical, or cherry coal ; there is (2), the splint or slaty coal

;

and there is (3), the conchoidal or parrot coal ;—and specimens of these several

varieties may be got in the same hand specimen. Now, aU these possess more

or less a crystalline structure ; and, what is more, each of them has a peculiar

crystalhne structure of its own, each being separated from the other by a dis-

tinct line of demarcation, called, in the language of colliers, a " parting."

The peculiarity of crystalline structure which characterizes each kind of coal,

depends (as was explained in the first part of this Memoir) on certain joints or

fissures which intersect the coal, and which intersect the coal at different angles

in each variety.

There must, of course, have been some important difference in the constitu-

tion and condition of the vegetable matter which produced these different varie-

ties of coal, and gave to each a peculiar crystalline structure. Accordingly, it

appears, from the analysis of Dr Thomson, that each kind of coal has a different

organization. His analysis shewed, that the following were the proportions of

elementary substances in the different kinds of coal.

* See Appendix E.
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Carbon. Hydrogen. Oxygen. Nitrogen.

Splint-coalj 76.00 6.26 12.50 6.25 = 100

Cherry or Rough-coaL 74.45 12.40 2.93 10.22 = 100

Cannel or Parrot-coal,* 64.72 21.56
.

0.00 13.72 = 100

It is very remarkable to observe the different proportions of hydrogen in

these several kinds of coal. It is enough for my present purpose to shew, by

reference to the elements as weU as the crystalline structure of coal, that each

variety is perfectly different in its constitution and organization.

Now, how is this difference to be accounted for ? Will it be said that it

may have been occasioned by differences in the character of the vegetables which

compose the coal ? This notion was lately started by Mr Hutton of Newcastle,

—

and nothing is more likely. But these different vegetables were of course not ori-

ginally deposited, in separate layers. They must all have been blended together,

when they settled down and formed a pulpy deposit, at the bottom of the estuary

in which they had been floating. How, then, did they afterwards come to sepa-

rate into distinct seams ? What agent put the elements of the vegetable mass

in motion, so as to make them form new combinations ? Would subterranean

heat have that effect ? On this subject, it would be very desirable to have ex-

periments to refer to, instead of having to offer merely explanations which are

little better than conjectures. At the same time, there are many cuTumstances

which a jjriori support the view just thrown out. We know that, shortly after

the period when these carboniferous strata were deposited, there was a great evo-

lution of subterranean heat ; and it is impossible to doubt, that in rising up

through the sedimentary strata, it would effect important changes in their or-

ganization and structure. For example, it would cause them to contract in

size or volume, by expelling from them much of the water with which they

were impregnated ; and they would not contract, without having cracks and

fissures formed in them, whereby they would of course acquhe the outlines of a

rude crystallization. Moreover, the same agent may explain the formation in

these fissures, of the veins of carbonate of lime, u-on, and magnesia, described

in the first part of this memoir. I have akeady alluded to the great proba-

bility, that, at this period, the sea in which these strata were deposited, held

many of these substances in chemical solution,—as it still holds some of them,

to a small extent. In that case, the immediate effect would be, whenever heat

reached the vegetable deposit, to expel a portion of the carbonic acid, perhaps

also to evaporate a portion of the water which was previously in the fissures

;

and thus leave in them films of carbonate of lime, iron, and magnesia.

I need hardly add, that the views now thrown out, would explain the occur-

* In the Appendix F, will be found a statement of some experiments recently made, which shew

how various are the proportions of hydrogen in different kinds of even the same sort of coal, viz. parrot-

coal.
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rence of these substances also in all the other stratified deposits, whether in fis-

sures or in drusy cavities—inasmuch as all these deposits must have been satu-

rated with the water in which they settled down.

Before leaving this part of the subject, let me, in a single sentence, advert to

the origin of the hydrogen which forms so important an ingredient in most coals.

I say in most coals, for it does not exist in all kinds of coal. For example, an-

thracite or Kilkenny coal wants it entirely. It exists, however, in all the varie-

ties of coal which occur in the Lothians, and in the proportions previously stated.

This gas is the carburetted hydrogen, which in some collieries proves so fatal by

explosions, and is called " fire-damp" by the miners. Some suppose that it is

generated in old wastes by the decomposition of water, the hydrogen of which

unites with the carbon of the coal. But it has recently been discovered by Mr

HuTTON of Newcastle, that the gas exists in the substance of the coal itself,

being contained in small cells, only discoverable by the microscope. He is of

opinion, that it may exist in these cells even in a liquid form, in consequence of

the great pressure to which it is subjected. It is in this way that the blasts are

accounted for, which occasionally take place in the English and Ayrshire col-

lieries ;—for by the working of the coal, the pressure is removed, and the hydrogen

immediately passes from a liquid into a gaseous form.

Hydrogen gas is therefore an original constituent element or ingredient, of

the coal strata in which it occurs ; and it is not generated by external causes, as

the decomposition of water. If the latter theory were true, this gas should occur

in all kinds of coal,—but it does not.

That the hydrogen gas contained in the cells of the coal has been derived

from the gums and resins of the vegetable matter which formed the substance of

the coal, is not only probable, but obviously true. But I would venture to ex-

press a doubt, whether the fire-damp of coal mines may not, in many cases at

least, come from a totally different source. It is well known that this gas is

evolved in many parts of the globe, where no coal exists. Farther, and what

is more to the point, it is evolved in this very district from subterranean sources.

This is the case at Prestongrange. It comes up through the fissures which in-

tersect the strata at that place, where they are in contact with basalt and green-

stone. The quantity is so considerable, that, when the coal is worked near the

trap-dyke, safety-lamps must be used. It is a strong corroboration of the view

now submitted, that in no other part of the Lothians is this gas known, at least

in the form of fire-damp. Whilst, on the other hand, in Fifeshire, Stirlingshire,

and Ayi'shire, where the strata are riddled by trap-dykes, this infiammable gas is

very abundant. These views suggest a possible origin for some of the hydrogen

gas, with which the coal itself is impregnated ; for if it was evolved in large quan-

tities from Nature's subterranean laboratories, before the vegetable deposits had

become hardened and consolidated, much of the gas might be retained by them.
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It was mentioned in the former part of this Memoir, that both in the " North

Greens" and " Great Seam," the parrot hand is thickest at and near Niddry, and

that it thins away, both towards the north and the south, till at length it disap-

pears, and its place is occupied by a bed of shale. This fact may be accounted

for, by supposing, that the vegetable matter was more abundantly supplied in one

part than in another.

2. I have thus attempted to throw out some general views, as to the way and

manner in which the strata of the district were originally deposited and formed.

The next subject of inquiry is the history of these strata, with reference to the

changes and convulsions they subsequently underwent.

This branch of the subject is no less extensive, and hardly less dark, than

the one just treated of. But it is perhaps possible to catch a few gleams of truth,

regarding the most striking and obvious of these changes.

That these strata were deposited in positions exactly horizontal, is extremely

unlikely. The deposits would, near the shore of the ancient sea, slope from the

land at a greater or less angle. It is believed that, if the inclination to the ho-

rizon does not exceed 20° or 30°, sand and mud deposited on it will form regular

layers. Now, the strata on the south-west, south, and south-east quarters of the

district, slope from the hills, but they do not slope at a greater angle than 10° to

15° ; and, in most places, their inclination is only 5° or 6° to the horizon. The

amount of their slope is, therefore, no proof that they have been elevated since

their deposition. On the contrary, it affords some evidence that they now are, as

they were originally deposited. This observation applies to all that part of the

district which extends from the sea-shore to the north of Gladsmuir, round by

Pen^ne, Pentcaitland, Ormiston, Cranstone, Middleton, La Mancha, Coaley Burn,

and the Bents.

But the case is widely different on the west side of the basin. There, in very

many places, the strata slope down at an angle of no less than 80°, and at some

points they are exactly vertical. This fact alone affords irrefragable evidence,

that, after their deposition, some prodigious force was applied, whereby these

strata were tilted up, and forced into a new and unnatural position. It is hardly

necessary to say, that the numerous hills of trap which occur on the west side of

the district, are quite sufficient to have caused the elevation now alluded to.

In the sea, there have been outbursts at Inchkeith and Inchcolm, (not to mention

smaller islands) : on the land, there have been outbm-sts at Lochend, Calton Hill,

Castle Rock, Arthur Seat, the Braid Hills, and indeed along the whole of the

western side of the district.

We are thus brought to the undeniable conclusion, that, after these lime-

stones, coal-seams, and other sedimentary strata, were deposited and formed,

an epoch of subterranean convulsion arrived, which was ultimately characterized

by the eruption through these strata, of enormous masses of molten lava. It is
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true that Arthur Seat, and the other traj^-hills in that neighbourhood, are beyond

the precincts of the present coal-field ; but there is the clearest evidence, that be-

fore the sedimentary strata had been thus burst through and shattered, they had

extended over all the district now occupied by these trap hills. This is not the

proper place for enumerating the facts which shew this ; and, therefore, I will

merely state the results.

(1.) Seams of coal, ironstone, besides various other strata, such as usually oc-

cur in the Dalkeith coal-basin, are found to the north and west of these trap

hills ; and, generally speaking, they all rise towards these hills. For example,

on the east side of the Calton Hill, beds of conglomerate or puddingstone, which

are the very lowest members of the series, if they do not belong to the old red

sandstone formation, are to be seen dipping towards the east, or away from the

hill ; and they increase in dip as they approach the top of the hill. To the east

of the Castle rock the strata dip in a similar way. On the north side of this rock,

the strata dip noj'th,—as may be seen in the Prince's Street gardens,—as was seen

when Hanover Street was built,* and as was seen during this winter (1837-8) in

Castle Street. f In the Water of Leith, above and below St Bernard's Well, beds

of shale occur—dipping north ; and some years ago, coal was worked in Mr Rae-

burn's property a little to the east of St Bernard's Crescent. In the rivers and

burns near Colinton and Slateford, many strata of shale and sandstone, including

thin seams of coal, occur dipping to the west.

(2.) A still more unequivocal proof that the trap hiUs of Edinburgh and its

neighbourhood were ejected, after the formation of the coal strata, is afforded by

fragments of these strata found on the tops of these hiUs, enveloped in the trap.

On the SE. part of A rthu?^ Seat (and at a height of from 400 to 500 feet above

the sedimentary rocks), there occur masses of sandstone, conglomerate, and lime-

stone, which have been torn from the basin, and carried up by the trap. On
the top and at the west side of Craiglockhai^t Hill, there are imbedded masses

of sandstone. X In the Calton Hill pieces of glance-coal have been found, which

are supposed to have been taken up by the trap in its passage through some

coal seams.

* The strata here consisted of sandstone, shale, and limestone. A mass of greenstone had in-

truded itself among them, and formed several fissures, which were filled with trap. This fact I be-

came acquainted with by a sketch, taken by John Clerk of Eldin, the intimate friend of the celebrated

Dr HuTTON. This sketch is now in the possession of Mr Clerk's sou, William Clerk, Esq. Ad-

vocate ; and he has besides it several others, also taken by his father, which are of high geological in-

terest. On ray suggesting that he would confer a great benefit on science if he would allow these sketches

to be published, he expressed his willingness to do so, and stated that he would be happy if the Royal

Society of Edinburgh thought them deserving of their notice.

f At this spot, situated in North Castle Street, felspar porphyry, of a white colour, and containing

iron-pyrites, was found.

X I state this fact on the authority of Professor Forbes.
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Under these circumstances, it is obvious what extraordinary force and vio-

lence the trap must have exerted, before it burst through the sedimentary de-

posits that overlaid it. These deposits attain the thickness of nearly 1000 fa-

thoms, and how much more there may be below the North Greens coal (to which

that measurement extends), it is difficult to say. There was not merely the weight

of these accumulated deposits to be overcome before the molten matter could get

vent ;—there was also the tenacity arising from their partial consolidation, to l)e

overcome. It is impossible, therefore, to imagine that the outburst could have taken

place, without there having been previously stupendous upheavings of the strata,

at and around this part of the district. The pressure would of course not be

confined to one spot. The igneous matter which eventually came up, and came

up not in one place, but at several places far removed from each other, and in

enormous quantities,—shews, that it must have extended beneath these sedimen-

tary strata to a considerable distance. The consequence would be, that during

the prevalence of the subterranean pressure, these strata not being every where

of equal tenacity or weight, would suffer extensive upheavings and oscillations.

The strata of the entire district, would be, in a manner, floated or buoyed up upon

the surface of the subjacent volcanic matter, and would undergo tremendous

fractures and dislocations.

When the outburst of Arthur Seat and the trap in its vicinity took place,

let us consider what would be some of the most obvious effects on the strata to

the east of it.

(1.) In the first place, there would be a great hollow produced below the sedi-

mentary strata, in that part where the trap previously existed. Here, it is im-

portant to remark, that a great portion of the trap which flowed out, appears to

have come—not straight up from beneath, but rather in a slanting direction from

the eastward. It is difficult to account for several of the phenomena of Salis-

bury Craigs (especially where the strata have trap interposed between them), ex-

cept on that supposition. Now, what would be the consequence of an immense

hollow being produced under the coal-measures to the east of Arthur Seat ? There

would evidently be a sinking of the sedimentary strata. The tilting or turning

up of the edges of the strata would not be the only effect ;—there would be a

general sinking of the deposit en masse, in that part at least which was imme-

diately over the hoUow caused by the outburst of Arthur Seat, Blackford Hill, &c.

Before going farther, let us see, whether these effects tally with what is the

fact. It has been explained, in the first part of this memoir, that the Esk coal-

basin is greatly deeper and steeper than the Tjme basin. The Great Seam of coal

runs through both, and the respective levels of that seam, in the centre or trough

of each basin, may serve to illustrate in some degree the point now adverted to.*

The Great Seam is—near Cockenzie, about 20 fathoms below the sea-level ; whilst

* See in illustration of what is here stated, the sections on plate XV.
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at Fisherrow, it is about 500 fathoms below the sea-level, being a difference of

no less than 480 fathoms within the short interval of three miles. If the coal had

sloped from Cockenzie gradually to the west throughout these three miles,—this

difference of level might have been explained in another way. But it will be re-

membered, that it 7'ises from Cockenzie to Prestonpans and Tranent, and that it

is from that locality, or rather from one still farther west, that the Great Seam

begins to dip into the Esk basin. I imagine, therefore, that if the Esk coal-basin

has not actually been created, solely and exclusively, in consequence of a hollow

having been formed under it, it has at all events been thereby made vastly deeper

and steeper than it would otherwise have been.

(2.) The sinking would of course be greatest where the sedimentary strata

were nearest the volcanic outburst. This also is remarkably confirmed by the

fact. The centre or trough of the Esk basin runs from Fisherrow in a line

about SW., which is no where very distant from the course of the North Esk

river. Now the basin is far deeper at the north end of this line at Fisherrow

Harbour, than towards the south, as, for example, at Roslin and Lasswade ;—and

why ? Evidently because at the former place, it is within two miles of Arthur

Seat,—whilst at the latter, it is more than six miles from the Braid, Blackford,

and other trap hills, skirting the SW. limits of the coal-field. It is hardly neces-

sary to remark, that the same circumstance accounts for the excessive steepness,

or rather the verticality, of the strata at Edmonstone, Niddry, and Duddingstone,

—and their comparatively less inclination at Gilmerton, Loanhead, Dryden, and

other points in that dhection.

(3.) In considering what would be the effects of an outburst from under the

strata, it is proper not to confine our regards to the sinking and change of dip on

the west side, but also to the production of similar phenomena on the east side

of the basin. These would of course not take place to the same extent. Where-

ever the limit was, to which the subterranean lava reached,—beyond that limit

there would be no sinking ; and the strata immediately within the limit, would

slope down there, less rapidly than at the opposite side, in the immediate vicinity

of the eruption.

Any one who has followed this reasoning, must see, that it readily explains

the origin of the ridge of high ground, which runs from the Frith of Forth at

Prestonpans to the Roman Camp by Carberry and Fuffet. That ridge forms (as

previously mentioned) not exactly a straight, but a curved line, the inner parts

of which face Arthur Seat. Moreover, the reasoning just sketched, explains the

fact, that alongst the inner sides of that ridge, the strata dip down less rapidly

than the strata on the west side of the Esk basin,-^—and more rapidly than the

strata on either side of the Tjne basin.

(4.) It is obvious, that the sinking down of the strata, to such an extent as

I conceive those of the Esk basin to have sunk,—whilst the rest of the district

VOL. XIV. PART I. p p
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to the east remained fixed and stable, could not have happened without having

produced fractures along the line of the ridge just described.

This deduction is also consistent with the fact ; for it has been explained in

the first part of this memoir, that at Prestonpans the Great Seam ofcoal which had

once been continuous is broken across, and there is a gap or chasm between its

ridges of several hundred yards. This gap increases very considerably to the

south. At Chalkieside and at Fuffet the limestone which lies below the North

Greens—and therefore very far below the " great seam," may be seen broken

across, and dipping in opposite directions. At this last spot, there is about fifty

yards of interval betwixt the edges of the fracture.

(5.) All the effects now deduced, would follow simply from the sinking of the

strata by their own weight. But the production of these effects would be greatly

aided, by the play of another power, which must have operated to a certain ex-

tent. I allude to the lateral pressure of the igneous rocks during theu' eruption.

They must have squeezed the whole basin towards the east, and so either have

pushed the central parts of the basin down,—or else have caused the strata on

the opposite or eastern side of the basin to rise up and form a ridge. It is

possible, that the formation of the Tyne basin may actually be owing to this very

effect, because it is easy to see, that a ridge would thereby be produced to which

the strata on each side would rise. If on the east and south side of that ridge, the

strata did not dip down towards the Tyne, at a steeper angle than 20° or 30°,

—

lateral pressure would not be necessary to explain the facts. But at Cousland

they dip towards the SE. at an angle of about 60°,—and at Blinkbonny they dip

to the S. at an angle of about 40°. These facts cannot be accounted for by de-

position merely.

About the middle of this ridge,—and in particular, between Fordel and the

Roman Camp, there are several minor troughs, which form, on the map, loops

in the line of outcrop, of the coal and limestone. These may be accounted for, by

supposing, that there were in some places, two anticlinal lines of elevation. The

strata between these lines would, of course, be formed into small basins.

The strata are found occasionally along the Roman Camp ridge, in a soft or

sandy state. At Bryants, a coal seam, which is known usually to be strong and

solid, is so friable and shattered, as to be unfit for working. A thick sand-

stone stratum adjoining it, was found to be in the same state. They had been

crushed, by the enormous lateral pressure. The pressure must have been against

the edges or ends of the strata, to have produced the effects observed. A pressure

on the surface of the beds, would have only consoUdated, and not broken them.

(6.) Having thus endeavoured to shew, what would be the shape and condition

of the coal-basin in its several parts, arising from the outburst of the igneous rocks

of the districts, I proceed to consider other effects of a more local, though no less

interesting, description.
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I allude now to the formation of dykes and slips.

It is obvious, that consolidated strata subjected to the subterranean and

lateral violence above explained, must have suffered very numerous and very ex-

tensive cracks and dislocations. If they subsided at all, their mere subsidence

would alone be sufficient to occasion such effects ;—and observe, where these frac-

tures would commence. When in the act of bending, the fracture would necessa-

rily commence at the external or lower side of the arch ;—and thus it follows, that

both slips and dykes would originate from below, and not from the upper part

of the basin. It is clear, therefore, that any slips or dykes which are seen at

the surface must be unfathomable, that is to say, they must reach to the very

lowest of the sedimentary strata ; and accordingly (as mentioned in the first part

of the memoir) no instance exists where, in going down from the surface, a slip

is found to stop or cease. On the other hand, one instance was mentioned of a

shp, which does not rise so high as the surface. This is easily accountable on the

principles just noticed.

I may here take notice of another phenomenon, which appears to me to de-

pend on the same principles as the slip just aUuded to. In a pit called the Mucklits

pit, in Sir John Hope's workings at New CraighaU, the coal-seam there (the Sjylint)

is intersected by frequent dykes or " gullets " * of clay—which, however, rise no

higher than the roof, consisting there of a micaceous sandstone. The pavement

of the coal is clay, in quality exactly the same with the gullets. These clay dykes

run for considerable distances, and vary in width from a few feet to 15 fathoms.

They have all the appearance of being a portion of the pavement squeezed up into

the substance of the coal ; and this idea is strongly confirmed by the fact, that

they make their appearance exactly in that part of the basin where the splint

coal is most curved and fractured,—that is to say, in the very trough of the basin

where the strata rise to the NW. and to the SE. They are known in no other part

of the district. The coal in bending there has, on account of its brittleness, cracked,

and as the cracks would commence at the lower part of the seam, the clay of the

pavement, in consequence of the enormous pressure, instantly rose up, so as to

fiU and widen the cracks. The clay could not, however, rise higher than the

roof, because the sandstone which lies above the coal, from its slaty and mica-

ceous qualities, would bend without cracking.

(7.) If the formation of slips and dykes is attributable to the violence of the

subterranean and lateral action, which preceded and accompanied the eruption

of the trap-hUls, we should naturally expect to find them most numerous near the

eruption ; and there also the slips and dykes should produce the greatest derange-

ment or dislocation of strata.

This inference is consistent with the fact. On inspecting the accompan3dng

map it will be seen, that all the dykes, and the greatest number of the slips, are

* This is one of the terms given by the pitmen to these clay-dykes—another term is " lunker."
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in the nortli part of the district. Further, the table of sUps shews, that the most

formidable slips—that is to say those which run farthest and produce the largest

dislocations, are also in the north part of the district. There are 98 slips which

run in a north and west direction ;—and only 21 which run in a north and east

direction.

(8.) Following out the same reasoning, it is not difficult to account for the

general direction of the dykes and shps that intersect the district,—when their

several positions are examined.

Reasoning a priori, it is evident that a crack or fracture would originate at

and run from the point, where the force or strain was the greatest. If, on the

west side of the basin, there was a lateral pressure, which did not act every

where with perfect equality,—one part of the whole mass would be pushed more

to the east than another part, and the result would be that the cracks would

run in an east and west direction.

This result is susceptible of mathematical demonstration. Mr Hopkins of

Cambridge has, in the very able memoir lately pubhshed by him, afforded it.

More striking proofs of the correctness of that demonstration, as well as of the

truth of many of his deductions, could hardly be wished for, than are exhibited

in the district which I am now describing.

It will be seen on looking at the map, that the dykes and slips all point to-

wards the particular trap-hill or hills nearest them, and which, from being near-

est, were probably most instrumental in elevating and dislocating that part of the

basin intersected by these dykes and slips. The Niddry dyke, for example, which

runs about W.NW. bears on Arthur Seat. The dyke at St Bernard's Well, which

is on the opposite side of that hill, also bears on it, running in a direction S.SE.

Proceeding farther south, we find the slips cease to bear upon Arthur Seat, and

that they point upon other hills of trap—such as the Braid and Blackford Hills—
they having been the means of elevating these portions of the basin. In short for

seven or eight miles along the west side of the district, a series of slips occur, all

bearing on the trappean masses nearest to them, and which it is reasonable to

suppose, were instrumental in elevating the strata which these slips intersect.

It will be observed, that along this side of the basin the slips are, generally

speaking, parallel. The reason is obvious. The force which acted upon these

seven or eight miles of the basin, did not proceed from one central point or focus

;

it acted continuously along the whole of that western side. If it had acted from a

single point, instead of a succession of points, the slips must have converged on

the common focus from which they originated.

This last proposition is made very apparent, by attending to the slips which

intersect the strata of the Roman Camp, which (as already explained) runs from

Tranent, and divides the basin of the Tyne from the basin of the Esk. This

ridge does not run farther west than Stobshill, which is on the south-west side
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of the Roman Camp,—^there the strata dip SW.—whilst at Bryants they dip

NW., and at Edgehead (on the opposite side of the hill) they dip SE. The same

strata, therefore, absolutely surround this hill in three parts out of four, dipping

successively towards three points of the horizon. The North Greens crops out

near the top of the hill on all sides, and at several places the limestone which

underlies that coal, may be seen coming up from opposite sides. Now, on examin-

ing the direction of the slips running through the strata of the Roman Camp hill,

it is found, that they all more or less converge to the top of the hill ;—that is,

they, generally speaking, coincide with the dip and rise of the strata. If the hill

had been formed by a protrusion of trap in the central parts, so as to occasion a

pressure towards the circumference, the facts just stated might be accounted for.

The central force acting laterally on the adjoining strata, would also act unequal-

ly in consequence of the unequal tenacity of these strata. Dislocations would be

produced by this cause. But we have shewn it to be possible, nay probable,

that the Roman Camp ridge may have been produced, not by a protrusion of

trap (of which there is not a vestige either on the sm-face or in the underground

workings,)—^but partly by the subsidence ofadjoining strata towards the north, and

partly by a thrust of them upwards from the west. This last movement would

equally produce dislocations running towards the ridge. Subsidence alone would

cause them to assume a different direction, for in that case the tendency of the

force being to separate the strata, the fractures would be parallel with the line of

crop. This is very clearly shewn by Mr Hopkins in his valuable memoir above

alluded to.

In whichever way, therefore, the quaquaversal dip of the strata at the Ro-

man Camp has been produced,—whether by an elevation of the centre by sub-

terranean trap as Dr Hibbert supposes—or by a push upwards from a more dis-

tant quarter, it is evident that the dislocating forces would act in such a manner,

as to cause the slips to converge more or less towards a common centre.

After these explanations, it must be very apparent why all the dykes, and

nine-tenths of the whole slips, run not far from a direction NW. and SE. The

chief eruptions of trap which have elevated and dislocated the strata of the dis-

trict lies to the NW. of it, and of course the dislocations have acquired that direc-

tion.

(9.) In connection with this branch of the subject, viz. the direction of the

slips, I would remark, that though in general the slips of the district are all

either parallel to each other, or converge towards a common centre, there are

a few (and some of them are marked on the map) at right angles to each

other. This arises (as Mr Hopkins distinctly shews) from the effect of different

forces. Those which run parallel with the crop of the strata, shew a divellent

force ; those which are coincident with the dip (and these are the most numerous),

shew unequal lateral pressure.
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The operation of these two forces would, when combined, produce an almost

inconceivable number of dislocations. This will appear the more evident if we
observe what must be the consequences of single dislocations, from whatever

cause produced. Suppose that a fissure takes place, intersecting all the strata for

a mile in horizontal extent, and to a depth of more than 100 yards. The strata

on one side or the other of this slip would be pushed up or would sink down, ac-

cording to the nature of the force which produced it. But it is diflBcult to con-

ceive, that under such circumstances, this would be the only dislocation produced.

Others would take place in the district, some of which would probably intersect

and unite. The slips marked on the map 112 and 113, are an example of this.

It will be seen from an inspection of the table, that the strata on the outside of

these slips have sunk down, leaving the triangular parts comprehended be-

tween them standing up. Suppose that the parts comprehended between that

triangle and the slips 61 and 62, had sunk down simultaneously. Unless the

slips 61 and 62 are prolonged indefinitely,—there must have been a cross fracture

produced somewhere,—beyond which the sinking did not extend. Then there

must in like manner have been a fracture intersecting 112 and 113 ; so that, in

general, every dislocation would be accompanied by, because it would occasion,

several others.

There are very many examples in the district, of slips changing their direction.

Two of these, near each other, are marked on the Map, and relative Table, on both

ofwhich they are numbered 73. Another instance may be mentioned, which was

lately observed on opening a pit on the Edmonstone property, called on the plans

Pit 23. After sinking the pit P, a drift Pd was made towards the NE. When at

a distance of 10 yards, a slip A A' was discovered running N. 35° W., and throwing

the strata doT^ii on the NE. side from 15 to 20 feet. Another drift Pc was made

from the pit bottom towards the SW., when at a distance of

22 yards, another slip B B' B" was discovered running N. 50° W.

This slip, at the distance of about 34 yards from the pit, took

a turn B', and ran N. 45° E. for a short way, after which it ran

on in nearly the same direction as before. At B" (about 154

yards from the pit) the strata were found to be downcast on

the NE. side 12 feet. At B the amount of downcast is 15 feet.

The slip B B' B" unites with A A' a little to the NW. This last-

mentioned slip is known to run a considerable way farther in

that direction. The strata which these two slips intersect dip

towards the SE.

It is probable, that the slip BB'B"was formed subsequently to the slip AA'.

As the amount of dislocation produced by the former, is towards the SE., or trough

of the basin, that slip may have been occasioned by a subsidence of the parts

situated towards the NE. side of B B' B". The deviation of this last slip at
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B out of its regular course, has been possibly caused by its proximity to the slip

A A', which had shattered or weakened the strata at B' ; but the progressive direc-

tion of the original force had been such as to prevent the crack from making a

greater deviation, and compelled it to resume its former course towards B".

(10.) Another important subject of inquiry, regards the amount of vertical

derangement of the strata caused by the slips.

It is obvious, that when the continuity of the strata was broken by a fissure,

reaching from the lowermost up to the very highest of the sediment-strata, there

would be a tendency in the strata to sink down on the one side or the other of the

fissure. Is it possible by any fixed principles to judge on which side of a slip these

strata would sink down ? We have seen that nearly nine-tenths of the whole slips

in this district run in a north and west direction. The table I have constructed

shews, that whilst there are fifty-two slips which throw down the strata 861^

fathoms on the north side, there are thirty-seven slips which throw down on the

south side, and that to the extent of only 402 fathoms. The result on the whole

is, that the number of fathoms that the strata are thrown down towards the

N., is more than double the number of fathoms that are thrown down towards

the S. Can any explanation be afforded for these facts ? On this subject I throw

out the following views.

It has been explained, that two causes have operated in producing disloca-

tions of the strata

—

subsidence and lateral pressure. Now we have shewn, that

the subsidence must have been greatest towards the north, because subterranean

action and volcanic eruption were most prevalent there. Hence when disloca-

tions took place across the strata, the strata would, generally speaking, sink more

on the north sides of the slips than on the south sides.

I may here observe, that in the Fife coal-field, described by Mr Landale in

his interesting account of it (published in the Highland Society's Transactions),

an opposite rule prevails. Mr Landale says that the slips there " are innume-

rable ; and with one exception, all the large ones throw up to the north ; and

point out to us in the most decisive manner, the very steps by which the county

has been raised to its present level."* Now, in the Lothians, the throw tip, as

has just been shewn, has been most frequently on the south side of the slips.

I have, however, spoken not so much of the side on which the strata are thrown

up, as the side on which they are (to use the same form of expression) thrown

doimi ; and applying that symbol of expression to the Fife coal-field, then it would

appear that the large slips mostly all throw down on the side next to the Firth of

Forth, in the same way as happens in regard to the largest of the Lothian slips.

In the Lothian district, it appears to me that most of the facts can be explained

by supposing that the strata after being broken across, slipped down by their

own weight on- one side or other of the fracture ; and it is probable, that the

* No. 33, p. 346.
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same theory may be sufficient to account for most of the phenomena in Fife ;

though it is quite possible (as Mr Landale supposes), in regard to some slips

which are in the immediate neighbourhood of trap-hills, that the strata were

actually lifted up on one side, whilst they stood fast on the other.

There is another important fact connected with the derangement of strata

by slips, which appears to be established by the table in the Appendix. In the

Lothian basin, the amount of derangement or displacement of the strata is found,

generally speaking, to increase towards the dip of the strata. The reason is pro-

bably to be found in the circumstance, that the intensity of the force caused by

subsidence was greater than that caused by elevation. The latter force would act

at or near the sides of the basin, where the trap hills occur ; and all the slips

produced by that force, would exhibit a larger amount of dislocation towards the

crop of the strata. The former force would act chiefly in the central parts of the

basin, and the fissures caused by it would increase in amount of dislocation to-

wards the centre.

Many of the phenomena, described in the previous part of this Memoir, are

accountable, on the supposition either of an elevating force acting alone, or a sub-

siding force alone ;—as, for example, the occurrence of ruts and scratches on the

sides of slips. But these appearances in the Sheriffhall slip, (which run not in a

vertical but in a slaiiting direction, forming an angle of 20° or 30° with the ho-

rizon), show, that this force acted in a manner neither precisely vertical nor pre-

cisely horizontal, and that the}^ were undoubtedly caused by lateral pressure. We
have shewn, that some of the slips were formed by an elevating force, and others

by the force of subsidence. The Sheriffhall slip was probably produced by the

latter force :—for the strata on the north or lowest side are near the slip, all tilted

up, and much shattered.

There are many other interesting phenomena connected with slips, Avhich I

am constrained to pass over. It would be detaining the Society too much with

mere details, to dwell longer on the subject. I cannot leave it, however, without

adverting to one phenomenon, which distinguishes the slips from the dykes of this

district. I formerly adverted to the fact, that along the trap-dykes there is no de-

rangement of the strata on either side ; and that it is only along slips, that the

strata are thrown down or cast up. This fact is the more curious, if it be true

that slips and dykes have both been produced by the same cause, viz. violent

subterranean action. This action, we have seen, was occasioned, or at least ac-

companied, by great accumulations of trap in a state of fusion, which were pressed

upwards against the superincumbent sedimentary rocks. One consequence of the

enormous weight and pressure which the igneous matter had to sustain, must

have been to force it up—not only into the soft strata of clay and shale, and thus

form layers or beds between the harder 3irata,—but also into the vertical cracks

and chinks formed in the strata by their elevation and subsidence. By these
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means, the trap would in several places, be able to find its way even to the very

surface of these strata, though in most instances, it would not reach that height

before cooling and becoming thereby arrested in its course. Now, it is obvious

that the trap when forced up into cracks and openings in the strata, would act as

wedges on the adjoining strata, and prevent them from slipping down, as they

might otherwise have done. The broadest or thickest part of the wedge would

be below,—so that it would occupy the position, and assume the form, best cal-

culated to produce the effect referred to. This explanation is strongly confirmed

by what is observed along the Niddry dyke, and especially at that end of it where

it thins away, and at last becomes a mere slip. Exactly in that part of its

course, viz. where the dyke turns into a slip,—a derangement of the strata commences.

Along the slip,—into which the trap had not flowed, the strata are down on the

north side, 15 fathoms below the corresponding strata on the opposite side.

There is one other phenomenon, which I must notice before I altogether take

leave of the subject of slips. In the first part of my memoir, I alluded to the

very cm-ious circumstance, that if a slip dipped or sloped towards any quarter of

the horizon (instead of being exactly vertical), it was invariably found, that the

strata (if deranged in position) were thrown down on that side towards which

the slip dipped. The slip, for example, last mentioned, namely, the prolongation

of the Niddry dyke, dips or slopes towards the north ; and it is on that side that

the strata are lowest, or have sunk down. If it had sloped towards the south,

the strata would have been lowest on that side. It appears to me, that this phe-

nomenon is susceptible of the following explanation ; but I offer it with great

diffidence, knowing that no satisfactory explanation has been reached by those

who are far better qualified to treat of these matters

:

North
I

w South

"'""'''' Il"l'"i

Let AB, CD, EF, represent three slips, respectively inclined from the ver-

tical plane. The strata, by these slips, must have been (as above explained)

fi-actured from the very lowest member of the series. Suppose, that, in the first

instance, the slip AB was produced,—among strata previously unfractured, and

VOL. XIV. PART I. Q q
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floating on a mass of liquid volcanic matter, violently pressed up—and suppose

farther, that this fracture incline or slope to the north. Let us see how the

strata, after being thus severed,
|
would be supported on each side of the slip.

On the north side, it is obvious, that the lower part, or basis of the strata, be-

came less in breadth than the top, so that their foundation was narrowed ;

—

and the question occm-s, whether that foundation was as able as before to bear the

weight of the superincumbent strata. It is true that the truncated edges of the

strata on the north side of the slip, were resting on the surface of the slip ; and

this new support might partly, though not entirely, compensate the other element

of weakness just referred to ; but the slip would cease to afford any support what-

ever, if there was a continuous moving, or undulation of the strata on either side,

arising from unequal or lateral pressure. In that case, the strata on the north

side would obviously have a tendency to slide down the upper surface of the slip,

—and would continue to sink, until the compression was such as to prevent any

farther sinking.

In regard to the south or under side of the slip, it is obvious that the case

would be entirely different. So far from the foundation or lower part of the strata

being narrowed, it would be widened ; and so far from the superincumbent weight

being increased, it would be greatly lessened. The strata on that side of the slip,

would therefore have no tendency to sink.

We have supposed the slip AB to slope a little from the vertical. If it is

exactly vertical, it is evident that no tendency to sink would be occasioned more

on one side than on another ;—and this is found to agree with observation.

Suppose, then, that another shp takes place to the south of the slip AB, viz.

through the strata which remained firm, and sloping to the south, it is evident,

that the stratified mass between the old slip and the new one CD, will have

no tendency to move. It will then become pyramidal in shape, and acquire se-

veral qualities calculated to render it firm and stationary. On the other hand,

the strata to the south of the slip, will acquire a tendency to sink down on that

side,—for the reasons previously explained.

Suppose that a third slip takes place EF (to the north of the original one),

through the strata which sunk down on that side,—and that it slopes to the north.

The effect of this new dislocation will, of course, be to throw the strata on the

north side of it still more do\^Ti on the north, whilst the strata between this slip

and AB can acquire no such tendency ; and even if the slip EF were to take

place, so, that the base of the figure between it and AB became less than the top,

whereby a tendency to sink would be again produced, still it could not sink so

far as the strata immediately north of it. If the slip EF had sloped towards the

south, so that the stratified mass between it and AB acquired the form of a cone

with the base uppermost, it is evident that, whilst it acquired a great additional

tendency to sink, the strata on the north side would remain firm.
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One important inference is fairly deducible from the foregoing views, if they

be correct. Wherever the slips are found sloping towards each other in their un-

der parts, there must have been a sinking of the strata or district between them.

Let us apply this rule to the slips of the Fife and Lothian coal-fields. It has

been mentioned that all the slips in Fife slope to the south,—whilst most of the

slips in Mid-Lothian slope to the north. This would tend to shew, that there

has been a prodigious sinking of the surface between these two shores ;—and pro-

bably this may explain in part the formation of that immense hollow, running in

an east and west direction, which is filled by the waters of the Frith of Forth.

It is now time to bring this first branch of my memoir to a close. Let me

only add in conclusion, that I think I have at least proved the truth of the obser-

vation made at the outset, that, interesting as this part of the island is, on ac-

count of its unstratified rocks,—it is no less interesting on account of the pheno-

mena which characterize its sedimentary deposits ;—and I trust, that the present

attempt to investigate these phenomena, if not attended by any direct benefit to

science, will have, at all events, the effect of stimulating other geologists of greater

experience and more leisure, to confirm or correct the descriptions I have given,

and the opinions I have ventured to express.

II. On the Superficial Deposits of the Dist7^ict.

By " superficial deposits," I mean the extensive beds or layers of gravel, sand,

clay, and other substances which cover the rocks stratified and unstratified, of

the district,—and which intervene between these rocks and the existing vegetable

soil.

It is hardly necessary to aUude to the great importance of this branch of the

subject. It is important with reference to the particular deposits which are the

immediate subject of inquiry ; and not merely in a scientific, but even in a practi-

cal point of view. It is important also, on account of the light which it may re-

flect, on the origin and formation of older deposits. If, as many geologists sup-

pose, aU sedimentary strata, of whatever epoch and character, have been formed

by agents similar to those now in operation, the best method of discovering what

these agents were, is by studying the phenomena most recently produced by

them, and which therefore are the most legible indices of these agents.

This, however, is a branch of the subject, much more difficult than might

have been anticipated.

No attempt has hitherto been made, that I am aware of, to describe or even

to examine the superficial deposits of this district,—or indeed of any of the ad-

joining parts of Scotland. There are two short papers in the Transactions of the

Wernerian Society, one of which states the different clays found at Blair-Drum-

mond, and in the neighbom-hood of Stirling ; the other of which mentions the
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discovery of an elephant's tusk in cutting (for the Union Canal) through what the

author terms the " old alluvial cover." These are the only publications I have

heard of, which throw light on the various deposits that cover the rocks of the

south of Scotland. Indeed, the subject is not one naturally susceptible of accu-

rate or extensive investigation

;

—and even when investigated, it is not very sus-

ceptible of a description that is precise, or that can be readily apprehended. In

endeavouring to examine these deposits, the geologist finds few places where they

are visible ; and unless they are seen at the very moment they happen to be opened

up, they soon, in consequence of their loose and friable nature, become concealed

under a mass of rubbish. In this respect, therefore, the subject presents greater

difficulties than the study of the stratified rocks,—the croppings of which are to be

seen, and may be easily examined, in old quarries, in the channels of rivers and

burns, and even along the sides of roads and ditches.

The other difficulty which the geologist has here to contend with, is the want

of appropriate terms to convey ideas of what he has seen ;—and what is no less

perplexing, there is the existence of several terms used in common language to

signify some of these deposits, which terms, however, are of uncertain and varia-

ble import. So long as both of these difficulties remain, any distinct description

or information on this subject, must be next to impossible ;—and the opinions of

geologists themselves must continue fluctuating, and be at perpetual variance. All

phrases, such as " old alluvial cover,"—" till"—" recent alluvial cover"—" diluvial

debris" are dangerous, when used in description, unless at the same time the

thing described be otherwise very specially characterized. General phrases are

no doubt useful and necessary, in order to avoid repetition ; but the great desi-

deratum is a distinct and copious description of the characters and contents of

the deposits themselves.

In describing the different accumulations now referred to, it will lead to pre-

cision to follow a certain arrangement or classification. A very convenient one

is suggested by the order in which they occm-, in respect of position ; certain of

these deposits, with well marked characters, being found throughout the district.

always in the same relative positions. I think it possible to identify and indi-

vidualize at least seven formations, each of which has separate characters in re-

spect of texture, contents, and appearance,—and each of which belongs probably

to different epochs. I wiU now enumerate them, beginning from the sm-face

;

and in doing so, I will, for the sake of convenience, designate them by particular

terms.

(1.) The existing soil, supporting vegetation.

(2.) Upper covering of gravel and boulders.

(3.) Deposit of sand and shells.

(4.) Beds of fine sand.

(5.) Beds of fine clay.
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(6.) Coarse gravel or stoney clay.

(7.) Lowest boulder clay.

(8.) Beds of sand and gravel.

I shall begin with the lowest of the deposits now enumerated.

1. Beds of Sand and Gravel.—This deposit has been observed in several parts

of the district, covering the edges of the stratified rocks. It prevails extensively

in that part of the district situated between Dalkeith and Cowpits. Some years

ago, coal was worked at the latter place ; and in sinking various pits through the

superficial clay and gravel, a bed of sand \ymg immediately on the rocks, was in-

variably passed through, which, being full of water, occasioned great practical dif-

ficulties, and even risks, to the work-people. A few months ago, a similar bed of

sand was met with on the Duke of Buccleuch's estate, near Dalkeith, in sinking

an engine-pit to work the coal. The pit had been formed through the boulder-

clay, on reaching the bottom of which a bed of sand was encountered, which

suddenly gave way, and laid the building in ruins. It was found necessary to

form a new pit at a different place,-^above the level to which this particular de-

posit reaches,—which appears to be about 200 feet above the sea. At the place

where the first pit was put down, the sand was 9 feet thick, and between it and

the rocks there was a mixture of sand and fine gravel 7 feet thick.

At Joppa likewise, (at the east end of the village, near the shore), the clay

is separated from the subjacent coal-measures, by a bed of sand 5 or 6 feet thick.

This sand-bed was found in the borings made for a particular coal-seam there,

called the Splint Coal. The sand-bed covered this seam ;—fragments of the coal

were found in the sand, to the distance of 10 yards fi-om the crop or outburst of

the seam. It is not unimportant to observe, that, in the sand-bed, these frag-

ments were all situated to the west of the coal-seam. Some fragments were also

found at the bottom of the superjacent boulder-clay ;—these were situated mostly

to the east of the coal-seam.

At Leith, and in the manufactory lately occupied by Mr Burstall, a well

was sunk through the boulder-clay 45 feet. A bed of sand and fine gravel was

then reached, from which water immediately gushed up,—shewing that the bed

was probably of considerable extent.

2. The Lowest Boulder Clay.—This deposit consists of a very hard coarse clay,

of a colour generally blue or black, and having sometimes in it a shade of broAvn.

Its texture is coarse and gritty. No laminae are visible in it, such as may be seen

in tranquil deposits of clay, and in most deposits of sand. It is difficult to work

or excavate it, being quite impervious to the spade, and requiring the heavy pick

to loosen it. It comes off in fragments of irregular shape, which on no side pre-

sent any smooth, even, or regular surface.
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This deposit of clay has interspersed through it, in most places, an immense
quantity of stones. They vary in size, from small gravel to blocks many tons in

weight. These stones seldom lie precisely in contact ;—they are often separated

by intervals of several feet. They do not present any regularity of position in

the clay ;—and are not even collected in heaps. The heaviest are not always at

or near the bottom, nor are the lightest always at or near the top :—^the lightest

and heaviest occupy indiscriminately all parts of the bed.

The blocks of stone found in this clay are most usually round-shaped, and

perfectly smooth in their surface. There are, however, two remarkable exceptions

to this rule in this district, which are worth mentioning. In widening the road be-

tween Piershill barracks and Portobello a few years ago, the Road Trustees came

upon an enormous mass of trap;—the lower part of it, was imbedded in the boulder-

clay, the upper part in sand. The mass was sharp and jagged in its outline, as if it

had not been transported far. It was quarried for road metal, and about ten cart-

loads, or nine tons of stones, were got from. it. Another block of the same de-

scription was found on Craigentinny farm, near Fillieside, which yielded so much
as fifty cart-loads of stones. These masses were stated to have been a dark-

coloured whin.

These are the only two cases I know, where the fragments of rock imbedded

in this deposit of clay were not found rounded and smooth. I should add, how-

ever, that, at Cowpits and some other places, I have seen a layer of angular frag-

ments at the bottom of the deposit ;—this was, where the clay was incumbent

on, and in contact with, the stratified rocks. The fragments were most generally

sandstone, and appeared to have been derived from the strata immediately sub-

jacent.

Among the rounded blocks, I have found (near the shore of the Firth of

Forth), Basalt, Granite, Mica-slate,* coarse compact Conglomerate, coarse Sand-

stone, Quartz-rock, Limestone, compact Felspar of a deep red colour, besides

ten or twelve varieties of greenstone. Though these boulders ai*e generally

smooth, some of them have ruts or scratches on their upper sides, and which

have been apparently produced by the passage over them of harder bodies. I

have more particularly observed these ruts or scratches on blocks of limestone,

sandstone, and greenstone. It is an object of some importance to ascertain the

direction of these ruts,—^but it is at very few places in the district where this

can be ascertained. The dnection of the ruts can be very distinctly seen, along

the shore at Joppa near Portobello, and at Seafield near Leith. They appear at

both places to range between W. and W.SW. by compass, but the most general

* In a bye-road which runs to the east of North Leith church, there was, in 1837, a block of mica-

slate about 4 feet in diameter. The author of a useful little work, entitled " Excursions illustrative of

the Geology and Natural History of the neighbourhood of Edinburgh," 1835, states, that he found a

block of mica-slate with garnets in it two miles south of Dalkeith, (p. 70.)
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direction is W|S. A great many boulders have been lately dug out of this depo-

sit, in the excavations for the Newhaven and Edinburgh Railway. The direction

of the scratches on them is W^N.

It is hardly necessary to observe, that these boulders belong chiefly to rocks

which, with one exception, exist only in very distant parts of Scotland. The

Greenstone boulders, of course, may have been derived from the trap hills in the

vicinity of Edinburgh,—though more probably from the Ochil range. From this

quarter also, most probably, the coarse conglomerate boulders have come. The

pebbles in this conglomerate consist of Greywacke, Quartz-rock, Lydian-stone,

and Felspar. One of these boulders, taken out of the clay at Joppa, is now lying

in front of Mr Grieve's house, in Grove Street, Musselburgh. It is hardly neces-

sary to add, that the granitic and mica-slate boulders must have been likewise

transported from the west.

This lower deposit of hard coarse clay which I have been describing, covers a

very large extent of country. Along the southern shore of the Firth of Forth, I

have traced it from the river Cramond to near Prestonpans. It is visible at a great

many points along this shore,—as, for example, at the mouth of the Cramond,

where it forms the east bank of the river,—to the east of Caroline Park, where it

was cut through in forming the new road to Granton Harbour,—at Newhaven,

where it is cut for the railway,—at Seafield, and at Joppa-pans, at both of which

places it is exposed by the ocean. But whilst visible only at the places now men-

tioned, there is no doubt that this boulder-clay forms a continuous bed from

Cramond to Magdalen Bridge. At Leith, in boring for Avater, it was penetrated

to the depth of 80 feet. The whole of the shore between these points is seen at

low-water strewed with immense quantities of rounded blocks, which, by the cliff

becoming undermined, have fallen out of the clay on the beach, and remain there

unmoved by the recurring tides, and by the waves or even the storms of the

ocean,—thereby testifying the prodigious force of the agent which was able to

transport them from their native sites.

This same deposit of clay may be seen at other points along the coast, though

unpossessed of the large boulders just alluded to. It is this clay, I think, which

is worked at the brick-fields situated at Drumore gate, and at Prestongrange.

It is a coarse gritty clay, having interspersed through it small pebbles, and occa-

sionally a few thin seams of gravel. It is there about 18 feet thick.

In describing the previous deposit, I mentioned that, at Joppa, near the shore,

this boulder-clay is separated from the rocks by a layer of sand. At Joppa quarry,

nothing intervenes between it and the rocks. If there had been any older super-

ficial deposit there, it must have been washed away by the boulder-clay ; for it is

seen in this quarry covering the edges of the strata, and forming a bed about 8

feet thick.

With regard to the extension of this lower boulder-clay to the south, and

through the interior of the country, it is of course impossible to speak with the
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same degree of precision. It has been gone through, however, in making borings

and sinking shafts for coal, in various parts of the Esk valley,—as at New Craig

Hall, Shaw-fair, Caknie, Niddry, Monkton, Craighall, Millerhill, Sheriffhall, Cow-

pits, Dalkeith, Eldin, Newbattle, and Bryants. It may be well seen in the chan-

nel of the burn which flows past Straiton Mill. There are numerous boulders of

encrinal limestone in the clay there, the scratches on which are NW. by compass.

At the village of Ford, in a burn which there joins the Tyne from the north,

a bed of clay about thirty feet thick full of boulders may be seen, and possessing

in all other respects the same characters which this deposit has elsewhere. It is,

however, deserving of observation, that though this boulder-clay exists on the

north and south, and I believe I may add the east flanks of the Roman Camp,*

it does not seem to occur above a certain level on these flanks. In none of the

Cowden or Chalkieside quarries, for example, does this boulder-clay exist, cover-

ing the outcroppings of the strata that are there bored. These are between 350

and 450 feet above the sea. It has been proved, in the various borings recently

made by the Duke of Buccleuch on the same side of the hill, and which are

about 140 feet above the sea. The boulder-clay is wanting also at FuUarton

and Monk-Loudon (situated about eight miles SW. of Dalkeith), which are ele-

vated about 850 feet above the sea. I might mention various other spots where

the deposit does not exist, and where the rocks are covered in general only by a

deposit of small gravel, to be afterwards noticed. These cases can, in my opinion,

be explained only on the supposition of the boulder-clay having been abraded

and washed away by currents of water flowing over it, after its deposition.

The part of the district where I have seen the boulder-clay highest above

the sea, is between Carlops and West Linton. It covers the rocks in that district

for many miles, and forms a deposit which is on an average about 960 feet above

the sea. I have noticed in it there, boulders of Basalt, Coal-Sandstone, Limestone,

Greywacke, and Felspar-Porphyry. There is, near Rutherfurd House, a block of

Limestone, about a ton in weight, and not much worn at the edges. No Lime-

stone of the same description occurs nearer than four miles : and there are only

two places where it is known to exist ; the one at Baddensgill, situated about

N.NW. from Rutherfurd House ; and the other near Fairneyhaugh, situated

W. by N. from it. The blocks of coal-sandstone have most probably been trans-

ported from Cairnsmuu% a hill among the Pentlands, situated to the W.NW. In

speaking of Carlops, I should notice the existence of a valley near it, to the west,

which extends for about 1^ miles, and runs in an E. and W. direction. In the

middle of this valley are several pyramidal masses of rock, so isolated and bared

to the west, as to suggest strongly the notion, that the vaUey has been scooped out

by a rush of water from that direction.

In the burn which flows between Fala and Woodcot, this bouider-clay can

* It was cut through in improving the Edinburgh road, about two years ago, at Kippilaw, on the

north side of the Roman Camp, and near Fordell, on the SE. side of the hill.
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be traced up to within a few hundred yards of the Edinburgh road. At the

point where it stops, it is about 700 feet above the sea.

This boulder-clay extends into East-Lothian, and may be seen in different

parts of the Tyne valley ; as, for example, at Ormiston and Yester. At West

Garlton, about 1^ miles north from Haddington, there is a bed of clay which has

been worked for bricks. The upper and workable part is eight feet thick. I

rather think it belongs to the deposit now described.

Towards the west of Edinburgh, boulder-clay covers the country. Near

Redhall, it may be seen lying upon the sandstone rock quarried there, to the

depth of 20 feet, and containing large blocks of greenstone and basalt. One of

these blocks is not less than 40 cubic feet in size.

With regard to the depth or thickness of this lowest deposit, my inquiries

have not been so successful as to enable me to afford much information. Along

the sea-shore it is about 45 feet at Leith, and it is said more than 60 feet at

Portobello. In the quarry at Cowpits it is only 8 feet thick. In the borings

lately made by the Duke of Buccleuch to the SE. of Dalkeith, it varies from 9

to 15 feet. Between Carlops and West Linton it is from 4 to 20 feet thick.

There are some places, however, in Mid-Lothian where the depth is much
greater, arising from a circumstance very remarkable. At Niddry, where the

" great seam" of coal was worked, the depth of all the superficial deposits was

found to be between 60 and 70 feet, of which about 30 feet was clay full of

boulders. Here, it was ascertained, there had been a scooping out of the rocks,

to a certain depth, and that the excavation was filled with the clay. The exca-

vation cuts across the crop of the strata, and near Niddry it is about 100 yards

wide. It runs in a NE. direction, and has been proved at several places in that

direction. It was proved at the Wisp, where the " great seam" was worked. It

was proved about 1000 yards to the east of this, by certain borings. It was also

proved at New Craighall, which is about two miles east from the Wisp. The

depth of the boulder-clay at this last point was 48 feet, overlaid by other 48 feet

of different deposits, to be afterwards described. The width of the excavation at

New Craighall is about 200 yards, being nearly double what it is at Niddry. The

sides or waUs of this excavation do not appear to be vertical. At the bottom of

this channel, the boulders are said to be entirely of blue whin, and so close as to

be almost touching. The above particulars I learnt from the late John Grieve

of Musselburgh, who was coal-manager for Sir John Hope, and who, in describing

this excavation to me, stated that it was in every particular like the course of

the river Esk at Hawthornden ; and that he had no doubt but that this was an

ancient river course, which had been choked up with the boulder-clay. I do not

mention this now for the purpose of theorizing, and far less for the purpose of

offering Mr Geieve's theory as the true one. I notice it only for the purpose of

conveying an idea of the nature and extent of the excavation in question. I

thought at first that it might have been owing to a fracture across the strata, of

VOL. XIV. PART I. R r
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which there are many in this district, and in consequence of which the strata be-

ing shattered along a particular line, would be the more easily carried away. On

asking Mr Grieve whether any levels or mines had been run under this supposed

river course, and whether any shps had been met with under or near it, he re-

plied that the coal had been worked under it, and that no slips occurred there.

He stated in addition, that the coal had, in one or two places, been worked up

to the sides of the excavation, and where it suddenly ended.

There are several other places where analogous phenomena occur ; and as

they are extremely curious, I may be pardoned for describing them.

At Bryants (the property of the Marquis of Lothian), the annexed figure

represents an excavation in the rocks ;—A is a shp which throws do^vn the rough

coal RR about 12 fathoms to the NE. B is a slip which throws up the metals so

high, that the parrot or North Greens coal P is brought near the surface, where

it is worked by the pit C. A level. No. 5 in the above figure, was driven through

the slip A from the rough coal R, which fiirst ^'ent through clay containing angu-

lar fragments of sandstone. No. 1 in the figure ; it then went through another

bed of clay containing nothing but rounded blocks of whinstone. No. 2 in the

figure ; and lastly, it entered a bed of sand and mud. No. 3, which choked the

level, and caused the farther prosecution of it to be abandoned. The depth of

this hollow or excavation from the adjoining surface of the rocks is about 90 feet

;

the width of it is 200 yai'ds. It appears to run in a direction W.NW. and E.SE.

How far it extends in that direction, has not yet been ascertained. A bed of gravel.

No. 4, was found immediately beneath the surface. Bryants colliery, where these

appearances occur, is situated about 380 feet above the sea.*

At Barleydean, between Carrington and Rosewell, there is a narrow valley, in

the centre of which the engine-pit is situated. The width of the valley when

measured along the surface of the ground, is 227 feet at the engine-pit, and its

sides rise to a height of about 60 feet above the mouth of the pit. The rocks in

* Mr Gibson, the coal overseer of the Marquis of Lothian, who communicated to me the above

facts, states, that many more particulars regarding his " gasK^ or excavation, as he calls it, will be as-

certained in the course of a short time, after a mine now driving has been completed.
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the bottom of the valley are covered by superficial deposits, which have a united

thickness of 22 feet. The upper deposit consists of clay, having interspersed

through it small water-worn stones. The nature of the lower deposit has not

been ascertained so exactly ; but it is thought, that the upper part of it consists

of sand and mud, whilst the under part consists of clay, having interspersed

through it angular fragments of sandstone. The following section, drawn to a

scale, illustrates the description just given—A represents a very thick bed, or

series of beds, consisting of soft red sandstone ; they are here nearly horizontal.

No. 1 is the upper covering of (boulder ?) clay ; No. 2 is the bed of sand or mud
;

No. 3 is the clay with angular fragments of sandstone. The total depth of the

excavation is between 80 and 90 feet. It runs in a direction about W.NW. and

E.SE., and it has been traced for several hundred yards.

I have never heard of any organic remains having been found in this lower

Boulder-Clay, except on one occasion. I allude to the discovery of an elephant's

tusk on the Clifton Hall estate, when the Union Canal was being formed. Mr
Bald states that this tusk was found in what he terms the old alluvial cover,

and which, from what he says of it, appears to be the same as the deposit now
under consideration. The tusk was 39 inches long by 13 in circumference.

3. The next deposit to be described is the Coarse Gravel, or Stony Clay.

It is much more sandy and gravelly in its texture than the boulder-clay. It

is not nearly so hard, or so difficult to be worked ; and consequently it is not, like

the boulder-clay, impervious to water. Its colour is different from that of the

former deposit, being not of a black or blue, but of a light brown or straw-colour.

There is in this deposit the same absence of laminae as in the former one ; and

there is the same want of regular arrangement in the fragments of stone inter-

spersed through it. These fragments are neither so large nor so rounded as in

the boulder-clay. I have never seen any more than half a ton in weight. The

species of rocks from which these fragments are derived are also somewhat diffe-

rent. I have seen no mica-slate blocks in it. With this exception, the species

of rocks occurring in it, are much the same as in the boulder-clay.

This gravel or stoney deposit rests generally on the boulder-clay, though

sometimes it rests immediately on the subjacent rocks. It may be seen on the

new road to Granton Harbour, resting on the boulder-clay. There it is from 10
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to 12 feet thick. At Niddry, and all over the district to the east, it also rests on

the boulder-clay. At New Craighall it is about 40 feet thick. At the Duke of

Buccleuch's new engine-pit it is 23 feet thick.

At the places just mentioned, this stoney clay is lying upon the boulder-clay.

I may next mention some places where it is lying immediately on the rocks. In

that part of the Leith and Dalkeith Railway which is to the south of the turn-

pike road leading from Brunston to Duddingstone, the strata of shale are seen

nearly vertical dipping SE., and overtopped by a bed of stoney clay 15 feet thick

The boulder-clay appears to have been denudated at this point, for a little to the

north it takes on again, under the stoney clay.

4. Beds of fine day, form the next member in the series of deposits in this

district.

The clay is generally fine, free from stones or gravel, and laminated horizon-

tally. It is ofvarious colours, being sometimes dark yellow, sometimes light brown,

sometimes dark brown, sometimes having a shade of blue in it. From Harden

Green to the Duke of Buccleuch's new brick-work, two miles east of Dalkeith,

this clay appears to form one continuous bed. It is throughout of a brownish-

yellow colour, and is overlaid by sand. Beneath the clay at these places is what

I have termed the gravel or stoney day. The same bank or bed continues to the

SW., and is worked at Redheugh on the Arniston property. How far it stretches

towards the NE. is not known. Near the Duke's Kennel it is more than 15 feet

thick. At the Cowpits, where the coal-engine was, the bed was (as Mr Grieve

informed me) between 20 and 80 feet thick. It does not appear to exist in the

old quarry situated to the north.

It is at Portobello that this particular clay is most extensively worked. It

is now worked in two or three several places there, at the north end of the town.

It was formerly worked in another place more to the south of any of the present

brick-fields. It was also worked (about fifteen years ago) a mile to the west of

Portobello, on the south side of the Edinburgh road.

At Portobello, the clay which is worked in the brickfields,-consists of two beds,

the lowermost of which is more clammy or (to use the expression of the work-

men) stronger and fatter than the other. Both these beds or layers dip at the

Edinburgh road towards the SW. with an angle of about 10°. This basin of clay

extends eastwards nearly as far as Joppa, where it rises up and thins off. To-

ward the SW. it stretches to Duddingston Mill (where it was once worked), and

there is reason to believe that it extends through the grounds of Duddingston

House, and even as far as the Inch. I have reason to believe, that a similar bed

of clay exists in the Cowgate of Edinburgh, for I have heard, that in digging out

the foundations of the South Bridge of Edinburgh, a thick bed of cockles was

discovered.



MR MILNE ON THE MID-LOTHIAN AND EAST-LOTHIAN COAL-FIELDS. 317

The uppermost bed is worked on the west side of the road near Mr Bailey's

glass-work. It is of a light blue colour, and easily cut with the spade. Its

thickness on the south side of the work, is about 25 feet ; it gets thinner towards

the NE.,—and at the Edinburgh road, it crops out altogether.

The second bed of clay which supports the one just described, is worked in

the fields between the Edinburgh road and the sea. Near the shore it is only 7

or 8 feet thick, but its surface has evidently been lowered there, by the operation

of subsequently emerging causes. Near the Edinbm-gh road, it is 35 feet thick.

It appears, however, to get thicker towards the SW., for in sinking a well at Mr

Bailey's manufactory on the south side of the road, about 80 feet of clay was

gone through before water was reached. The water gushed up from a thin bed

of sand. This lower deposit of clay is supposed to be there, from 55 to 60 feet

thick.

It has been ascertained that a bed of gravel lies beneath this fine clay at

Portobello. I have not been able to discover whether this gravel bed belongs to

that member of the series which I have termed the gravel or stoney clay ;—it

would appear that about 10 or 12 feet from the top of the lower bed, there is

another layer of fine gravel in the clay about 14 inches thick.

Both the upper and the lower bed of clay at Portobello is finely laminated.

The layers are not more than one-sixth of an inch in thickness,—in some places,

scarcely thicker than the leaves of a book ;—and they separate very easily. This

arises from there being a thin film of very pure and attenuated mud and some-

times sand, between the lamince.

This brick clay is thicker at Portobello than any other place I know of in

the district. At Harden Green it is only 8 feet thick. To the east of Dalkeith

it varies from 3 to 13 feet. Near Sheriflfhall engine it is 13 feet thick. It ap-

pears to be thickest in those situations where it occupies the lowest level. I do

not think it exists at a higher level than 150 feet above the sea.

I have a strong suspicion that the particular stratum of clay I am now de-

scribing is contemporaneous with the Carse clay of Falkirk and Stirling. This

Carse clay is partially described by Mr Blackadder in the 5th volume of the Wer-

nerian Society's Transactions. My reasons for this opinion, are founded not merely

on the great similarity in the texture of the clay in both districts, but also on

the fact of its being covered, as in this district, by layers of sand and gravel.

The sand, according to Mr Blackadder's account, in the eastern part of the dis-

trict (as about Falkirk) contains pieces of coal,—but towards the west, as at Stir-

ling, it is entirely free from them, and contains pebbles of mica-slate.

In regard to the existence of this bed of clay in East-Lothian, I have obtain-

ed as yet but scanty information. I have found a very similar deposit near the

mouth of the Tyne, and extending round the margin of Belhaven Bay. In Bel-

haven Bay, this clay is now worked to the depth of 9 or 10 feet. A section of
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the same bed at Hedderwick, where it is cut through by a burn, shewed a depth

of 15 feet.

In this deposit of clay, there have been found at Portobello organic remains

of various kinds. Several large trees were dug out. Unfortunately they were

not kept, but on inquiry among the work people, I learn that one of them was

20 feet in length, and about 7 feet in circumference. It had a few branches near

the top. This was on the top of the clay, where it had formed for itself a sort

of bed. Its top was lying towards the S.SE. After exposure to the air for some

time, the tree cracked in all dnections, shrivelled up, and then crumbled to

pieces. The work-people consider that this one and all the trees which have been

found, are oak. In the course of last year I extracted fi-om the clay in two of

the brick-works at Portobello several fibres or fragments of wood. They re-

semble the roots and branches of a dicotyledonous tree, though of what kind, I

am unable to say. They were from 2 to 4 feet below the surface of the clay.

I learned, also, that hazel-nuts had been frequently found in the PortobeUo

clay. They were got on the surface of the bed, and in what is called a parting,

which lies between that bed and the superincumbent sand.

I observe from Mr Blackadder's paper, above referred to, that wood, hazel-

nuts, and the leaves of trees, have been found in the carse clay of Falkirk.

Shells occur,—but very sparingly, in the Portobello clay. I regret much that

I have never seen any perfect specimen, though I have often sought and inquired for

them. I am therefore obliged, for the following statements, to rely on the informa-

tion of the tacksman of the brickwork, Mr Henderson, who seemed, however, an

intelligent man. He stated, that the shells were small, of a white colour, and

not unlike cockles. They were very tender, he said, and crumbled to pieces when
handled. He has found them with both valves adhering, and closed. These

shells, it rather appears, do not form a layer, but are indiscriminately inter-

spersed through the clay. They have been found to the depth of twenty feet

from the surface. The fragments of shells, which I have seen in the clay at Por-

tobello, were so imperfect, and so few, that it was impossible to know what they

were.

I was informed also, that in Morton's brick-field at Portobello, which is

not now worked, he has found bones nearly as thick as a man's thigh. They

were such, he says, as excited the sm'prise of the workmen. That such bones

were found, is not unlikely, when it is remembered it was in the Carse clay

that whale bones were found, at Airthrey, at Blairdrummond, and at Dun-

more. The whale bones at these places were fi-om twenty to thirty feet above

the present level of high-water mark. Near Camelon, there were found the bones

of a seal, in a bed of clay ninety feet above the sea ; and in a bed of sand be-

neath them, were shells of the razor or spout-fish. In Drummond's Agricultural

Museum at Stirling, are preserved the head and antlers of a red deer, which, in
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July 1837, were dug out of the Carse clay at Stirling, between ten and eleven

feet beneath the surface of it.

5. Beds offine sand form the next deposit in the ascending series.

The sand is in general very pure, that is to say, free from admixture with

clay. In external appearance it is white, and resembles strongly sea-sand. It

is laminated, the laminae being generally not horizontal, but forming angles vary-

ing as much as 10° or 15° from the horizon.

The sand frequently contains gravel, both in single pebbles, and in thin

patches or layers. I have never seen any, so large as a cocoa-nut. They are all

water-worn. At Harden Green, there is a bed of this sand, about three feet thick,

lying on the stony clay, and in it I found a fragment of flesh-coloured felspar,

derived apparently from the Pentland Hills. Sometimes there are fragments of

shale and coal. A piece of coal, about half the size of my fist, I took out of a

sand-pit between New Hailes and Fisherrow. In the same sand-pit, there were

numerous particles of coally matter between the laminae.

To this deposit belong the beds of sand and mud which have been described

as occurring at Barleydean—about 500 feet above the sea. At Blackshiels (about

one-fourth mile north from the inn, on the Edinburgh road), similar deposits are

visible. Their height above the sea at this last-mentioned spot is about 700 feet.

To this particular deposit, I think, belong those immense accumulations of

sand which lie to the north of Edinburgh. Most of those whom I now address,

must have frequently seen the deep sand-pits near Inverleith Place, St Mary's

Chm-ch, Claremont Crescent, the Old Botanic Garden, and on the south side of

the Horticultural Garden. These sand-pits shew beds of sand exceeding thkty

feet in thickness at least, and how much more I do not know. In this part of the

district, there appear to be two or three separate banks of sand. One of them

runs westward from the Old Botanic Garden towards St Mary's Church through

the nursery gardens. At the east end of this bank, viz. near Leith Walk, the

laminae in it rise at a small angle to the west. At the other end, viz. near St

Mary's Church, the layers rise gently towards the east. The laminae are in some

places made very distinct, by particles of coal or shale lying betwixt them.

Another of these sandbanks runs through Inverleith Terrace, and across the

Water of Leith to Redbraes Villa, where it was formerly extensively wrought. A
third runs still farther to the north of the Water of Leith, and has been lately cut

through for the Edinburgh and Newhaven Railway. It there presents a section

of about forty feet in depth. The layers of sand form arches, rising toward the

top of the bank, and forming on the north side an angle of 40° with the horizon.*

This bank (as well as the others) runs in a direction nearly E. and W., and may be

* A section of this bank is given on page 72 hereof, where there is a description of the upper de-

posit of small gravel which covers the sand.
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traced to the westward nearly a mile. Its width (where it is cut through) is

about eighty yards. There are numerous slips or fissures in the sand, which break

the continuity of the layers, and produce in miniatm*e exactly the same pheno-

mena which have been produced by slips in the subjacent rocks. The layers of

sand, where dislocated, are invariably lowermost on the upper side of the slip, as

they are found to be in the rocks of the coal-measures.

There appear to be several of these sand-banks between the Water of Leith

and the Frith of Forth, all running parallel to each other, and fonning undula-

tions of surface in that particular surface, which are sufficiently remarkable.

This same deposit of sand occurs also in Inveresk Church-yard,—at Wardie

(where it is eight feet thick),

—

New Hailes (where it is eighteen feet thick), at

Cowpils (where, in the engine-pit, it was found to be about eighteen feet), and near

the Duke of Buccleuch's new brick-work, where it is at least eight feet thick.

Immense banks of it are also to be seen in the parishes of Lasswade and Roshn.

To the west of Loanhead a bank of sand was gone through in sinking a coal-pit,

and found to be thirty-two feet deep. It rests there on boulder-cla}'' about five

feet thick. These ridges run, generally speaking, in an east and west direction,

and extend in that direction many hundred yards. Their breadth on an average

does not exceed 100 yards. The Loanhead sand-bank can be traced for nearly a

mile,—forming a continuous ridge or rampart, very visible from the Edinburgh

and Peebles road. On the south side of the Esk at Springfield, sand-banks equally

extensive, and still more deep, occur.

I have found and heard of no organic remains in the sand belonging to this

part of the series.

6. I proceed now to describe another member of the series, which I have

termed a deposit of sand and shells. This deposit is distinguished from all those

previously described, by this circumstance, that it is not situated much above

the present level of the sea : it forms a margin or fringe along the south and

north shores of the Frith, and also along the shore of the ocean in East-Lothian.

Many persons, in travelling along that shore, must have been frequentl}^ struck

with a high bank, which almost every where presents itself at a greater or less

distance from the beach. This bank varies in height from thu'ty to sixty feet

above the ground which slopes from its base to the sea ; and its base is also from

thirty to forty feet above high-water mark. The bank may be very distinctl}'

traced along the shore at Granton, Wardie, Newhaven, Seafield, Joppa, New
Hailes, Invereslv, Prestonpans, Seton, Aberlady, and at intervals round the coast

to BeUiaven. At some of these places, the bank is nearly three-fourths of a mile

from the present shore, at others, it is close upon the shore. At all of them, the

intervening space is occupied by a layer or deposit of sand or shells. It is this

deposit which I am now about to describe.
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It consists of a fine sand at the following places, viz. Caroline Park, Portobello,

Musselburgh, and Seton, varying in thickness from two to eight feet. The layers

are in general horizontal, or else dipping towards the sea, in accordance with the

subjacent clay on which it rests. At all the places just mentioned, there is at the

bottom of the bed, a quantity of boulders, some of which are of enormous size.

They are generally greenstone and basalt, though I have remarked also blocks of

hmestone. At Portobello, these blocks are dug out and removed, in order to get

at the brick-clay, the surface of which is covered by them. Among these blocks

are quantities of marine shells, all apparently belonging to the same species

now existing in the Frith of Forth.

But this deposit does not every where consist of sand. Accumulations of

very fine gravel are occasionally met with, mixed up with prodigious quantities of

marine shells. The shells are generally broken and shattered, in the same way

as they usually are on a sea-beach. I do not say that all the shells which exist

in this deposit, are to be found in the present sea ;—^because I have not yet col-

lected a sufficient number to enable me to say so. It is quite possible, that among

these shells in this particular deposit, as in the one previously described, some

species may exist which are now extinct.*

I have walked along the whole shore, from St Abb's Head round by Dunbar,

North Berwick, Aberlady, Cockenzie, and Newhaven, to Queensferry, and more-

over traversed the greater part of the Carse district from Falkirk to beyond Stir-

ling. I did this, in order to collect facts which might throw light on the import-

ant geological question, whether any proofs exist in this part of the island of a

recent change in the respective levels of sea and land. When I commenced this

investigation, my object chiefly was to discover the localities of sea-shells, and

their exact height above the present level of the sea. I had not gone far, before

I was much struck by the occurrence of the high bank formerly alluded to, run-

ning everywhere nearly parallel with the existing shore ;—but it was not tiU a later

period of my investigations, that I perceived the connection of that bank with the

subject I was examining, and the far greater importance of ascertaining the height

of its base above the sea, than that of the shelly bed occurring between it and the

sea.

In general, this bank is distant from the present line of high-water mark

about 300 yards ; whilst, at other places, it is close upon the sea, and occcasion-

aUy ceases altogether. I avoid at present offering any explanations of these facts.

I would only here add, that the bank is ever3rwhere most inland, in those parts of

the coast where the sea is shallow, and where, consequently, it recedes at every

tide to a considerable distance. Along the coast near North Berwick, where the

* Mr Smith of Jordauhill is of opinion, that several of the shells he has found in the superficial

deposits in the west of Scotland belong to extinct species—to the number of twelve or thirteen.
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submarine surface dips rapidly from the shore, the old bank is at very few places

at all perceptible.

With reference to the height above the sea at which these shells occur, it

may be proper to observe, that there is much irregularity. This is, of course,

owing partly to the impossibility of discovering the maximum height ever3nvhere

along the coast. At the same time, I am far from saying that these shells fonn

everywhere a continuous bed along the coast. Sometimes they cover the whole

space intervening between the shore and the old bank ; sometimes they can be

traced only half-way to the bank from the shore ; at other places, they do not

occur at all, the whole intervening space being covered by sand without shells.

This deposit of sand and shells, mixed with gravel and boulders, is undoubt-

edly an old beach, which had been formed by the sea, when its level was con-

siderably higher than it is at present. I have heard some persons say, that the

shells may have been blown up to the level they now occup3^ This notion is

quite irreconcilal)le with one fact, which I may here mention. On the coast to the

south of Dunbar, there is a small bay called Skateraw. The shelly deposit there

contains numerous fragments of limestone, derived most probably from the strata

of limestone which occur in the immediate vicinity to the north and west. Most

of these limestone fragments are bored with Pholladw, and I found the shells in

the stone. Moreover some of these fragments had smooth surfaces, and on some

of them I found numerous specimens of Serpidce and Patella vulgaris sticking.

These shells are now, therefore, in the exact situation where they Uved. At this

place, the shelly deposit is 13 feet above high-water mark.

The height of this shelly deposit above the sea, is less on the shore of the open

sea (as at Skateraw and Dungiass), than it is in the upper parts of the Frith of

Forth. At the former, it is no more than 12 or 13 feet above high-water mark

;

at the latter, it is about 30 feet.

In Dirleton Common, there is an isolated rock of greenstone about 800 yards

from the shore. It rises to the height of about 60 feet above high-water mark,

and it is about 300 yards in circumference. I found the Patella vulgaris in great

abundance on every part of this rock, to the height of 39 feet above high-water

mark. At the same time, it is right to mention, that I did not find any sheU ac-

tually adhering to the rock. But I have a strong impression, that on clearing away
the sandy soil which covers the rock, this important discovery would be made.

It is proper to add, that, in this sheUy deposit, other organic remains have

been occasionally found. I Avas informed, that at Dunbar, and in the church-

yard of Aberlady, the horns of a species of deer were found. In the Dungiass

old beach, I picked out some bones, two of which I shewed to Dr Knox, who
obligingly examined them for me, and reported them to be those of a smaE. spe-

cies of ox.

With reference to the old hank above referred to, I would add some remarks.
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as to the materials of which it is composed, and the height of its base above the

sea, before leaving this branch of the subject.

In some places, this bank has been formed on the boulder-clay ;—there it is

always highest and steepest, because the clay is hard and strong, and is not easily

affected by atmospheric influences. In this respect, it is more enduring even than

rock, for it is impervious to water, and therefore is not acted on either by dry-

ness or moisture, nor is it afiected by variations of temperature. At some places,

however, the bank is low, and indeed scarcely discernible,—as at Portobello.

There it consists of the fine brick-clay, which is not so strong or stiff as the boul-

der-clay, and can be more easily worn down by ordinary atmospheric action.

I wish I could speak with certainty and precision regarding the height of the

base of this bank above the sea. I cannot yet do so ; though I expect ere long to

have a table completed, affording this information for every part of the coast. I

may state generally, that, whilst its average height is between 30 and 40 feet

along its whole extent, I have reason to think it rises towards the west. I think

it is 15 or 20 feet higher at Falkirk and Bannockburn than it is at Aberlady.

7. I proceed next to describe the uiyper covering ofgravel and houlders, which

has been deposited even more recently, than the beds of sand which contain frag-

ments of existing sea-shells.

Before alluding to the contents of this deposit, or the extent of country it

covers, I should wish to notice two or three localities, an inspection of which

must satisfy any one, not only that it exists, but that it is also more recent than

the deposit of sand and shells of which I have just concluded the description.

About a mile to the west of Gosford, the seat of the Earl of Wemyss, there

is, near the shore, a section that may be represented by the following figure :

1. is a quantity of sand, probably blown.

2. is a stratum of boulders and gravel. The boulders are from 3 to 8 inches in diameter. They

are rounded. They consist chiefly of greenstone, and of a peculiar kind, which occurs in

situ on the beach about a mile to the west ; it is about 2 feet thick.

3. is the stratum of shells mixed with pebbles and gravel. The shells are much broken. They

consist of oysters, wilks, lempits, &c. The lowest part of this bed is 7^ feet above high-

water mark.

4. are strata of shale, &c. Their base is washed by the sea at high-water.

.^. the line of high water.



324 MR MILNE ON THE MID-LOTHIAN AND EAST-LOTHIAN COAL-FIELDS.

At Catscraig, on the shore of East-Lothian, about three miles south of Dun-

bar, the shelly deposit may be seen covered by a layer of gravel and boulders, al-

together similar to that which is represented in the foregoing figure.

As this deposit thus lies above the deposit of sand and shells last described,

it is hardly necessary to observe, that, in certain situations, it may be expected

to be seen covering all the older deposits successively.

It may be seen at a great many places covering the layers Qifine sand which

forms No. 5 of the series. It may be seen, for example, in the cut lately made

for the Newhaven Railway, between Easter and Wester Waniston,—as repre-

sented in the following section :

—

Fig. 1.

A.

Fig. 2.

^•'^'-^^'
' ^.,' '- ^ '--'^ >^^^ ^ - ^ ^ >' ^\ -^ -"r-^

Figs. 1 and 2 are intended to represent sections of the two sides of the ciit,

—fig. 1 being the west side and fig. 2 the east. A, represents the existing soil

or mould of vegetation ;—B, layers of gravel belonging to the series now described,

and lying upon beds of sand which belong to No. 5 of the series. C, represent

layers or laminm composed of smaU fragments of coal, none exceeding a man's

hand in size. The layers are not more than 3 inches thick. D, are slips or fis-

sures which intersect the gravel and the sand. E, are the laminae of the sand-bed,

which, as mentioned in a previous part of this paper, are, near the sides of the

bank, inclined to the horizon at an angle of about 40°.

The depth of the sections represented by these figures is about 40 feet, and

the length 200 feet.

In a cut made for the Fisherrow Railway, near Newhailes, I noticed a simi-

lar bed of small gravel, overlying the sand.

This deposit of gravel may be seen covering the houlder-day in the old quaiTy
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of Cowpits, in the Water of Leith, at the Dean Bridge in a quarry there, and for

some distance above that quarry in the channel of the river. It may also be seen

at a variety of places, the level of which is much above that of the boulder-clay,

and resting immediately on the subjacent rocks,—as, for example, at Cousland,

Chalkieside, Garlton HiUs, Fullarton, colliers' houses near Carlops, Langlaw and

Whitehouse quarries. The two last-mentioned quarries are not far from the

summit of the Roman Camp, and are probably about 200 feet below it. There

is a quarry nearer the summit of that hiU, where I think it does not exist. My
present impression is, that this upper covering of gravel exists in our district as

high as 900 feet above the sea.

This gravel appears to me to have been spread over the country, after the

present inequalities of hill and valley had been formed. It exists in most places

between the sea-shore and the old bank formerly spoken of. It exists even on

the ground sloping down to rivers. At the Water of Leith, about half a mile

above the Dean Bridge, the following section presents itself :

—

A is a steep bank, on the south side, sloping to the river, about 40 feet high.

B is a steep bank, on the north side of the river.

C is low flat ground, between the river and the bank.

D is the channel of the river.

f is the boulder-clay.

« is the upper deposit of gravel now treated of.

On the west bank of Bilston-burn, and about half a mile north of Pentland

village, the following section occurs :
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No. 1. is the existing soil.

No. 2. is a covering of small gravel, being the deposit referred to in this part of the memoir. It

is, in the above section, from 3 to 5 feet thick.

No. 3. is a bed of sand from 3 to 4 feet thick.

No. 4. is a bed of black peat from 1 to 2 feet thick. How far it extends towards the right of the

figure I could not discover : on the left, it appears to have been destroyed by super-

vening causes, as it is there crushed, and a good deal mixed up with sand and gravel.

No. 5. is boulder-clay, obviously belonging to the deposit previously described under that name.

The depth of the clay cannot be ascertained, but it is at least 8 or 10 feet thick. The

imbedded boulders are not large. The upper part is gravelly.

In this last and lowest deposit are numerous roots of trees, which shoot down

from the peat, but which do not rise to the surface of the peat. It is obvious

that the trees have grown in the clay,—if not before the peaty stratum was

formed, at all events before the bed of sand and the layer of gravel were depo-

sited. The spot now referred to is about 520 feet above the sea.

About a quarter of a mile above Straiton Mill, roots of large trees, apparently

hazel, are also to be seen in the boulder-clay,—covered by a deposit of yeUow

gravel about 3 feet thick. This spot is 470 feet above the sea.

With regard to the nature of this gravel, I may observe, that the fragments

are in general small and much rounded. They are seldom so large as a cocoa-nut.

They consist mostl}^ of the debris of secondary rocks, such as sandstones and lime-

stones. I have found fragments of gi-eywacke also in them. The usual colour of

the deposit is yellow, from a quantit}^ of ferruginous matter contained in it, and

which may be derived from the sandstone pebbles it contains.

The depth of this deposit is in some places considerable. Near Carlops it is 10

feet tliicli. Near Carrington and Temple, it forms rounded hillocks from 20 to 50

feet high. It sometimes occurs also in the form of ridges, which are either straight

or circular. One of these ridges has frequently arrested my attention, in travel-

ling along the road between Dunbar and Haddington. It is on the south side of

the road, and about three miles from Haddington. On the east side of the Dal-

keith and Edinburgh road, some remarkable ridges of this upper gravel make

their appearance. They there go by the name of Kaims, and are thought by

many to be artificial. They run for about a mile, and make a considerable bend

in their course. Their steepest side is towards the east. A somewhat similar

ridge I have noticed on the estate of Mr Dundas of Arniston, near Outerstown.

It is on one side (the north-east) about 40 feet above the adjoining plain, on the

other side about 20 feet ; and its width at the top is 30 feet. This ridge runs for

about a mile ; its direction is south-east and north-west, or parallel with the

Moorfoot Hills, which are distant from it not more than half a mile. Similar

ridges occur at Fullarton and Monk-Loudon,—and are apparently continuations of

the Outerstown ridge just mentioned. They vary in height from 30 to 50 feet.
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There is a remarkable accumulation of sand and gravel in the quarry of

Blackford Hill, which I think must be referred to the deposit I am now describing.

AB is the cliflf or precipitous face of Blackford Hill, which has been extensively

quarried. It is about 130 feet in height.

The rock is chiefly clinkstone,—in some parts

a fine-grained greenstone. At the base of

the cliff, e, there is an accumulation of gravel,

consisting chiefly of felspar, but containing

also pieces of coal-sandstone, not much round-

ed. Above the gravel is a bed of sand, d,

which is in contact with the overhanging face

of the rock. The upper part of the sand,

next to the rock, contains numerous pieces of

shale and coal. It is proper to add, that, on

clearing away the sand, I found the face of

the cliflf very much rutted and scratched.

The direction of the scratches is nearly east

and west. About 30 feet up the chflf, there

is another deposit of gravel, c, including pieces

of coal-sandstone. I learnt from a labourer

who had worked in the quarry for fifteen

years, that this deposit of sand and gravel,

when it was discovered, extended in an east

and west direction,

—

i. e. along the face of

the cliflf about 120 yards, and in a north and

south direction, or from the face of the cliflf

about 50 yards.

The base of this cliflf is about 320 feet

above the sea.

It appears to me, that the gravel and sand in the above locality, must have

been brought from the eastward.

II. Inferences or eaiplanations suggested hy theforegoing phenomena.

I have now detailed all the facts, which have come under my observation,

regarding the superficial deposits of the Lothians. Though I have attempted to

present these facts in a certain form or order of arrangement, I have in doing so

endeavoured to abstain as much as possible, even in my own mind, from theo-

rizing regarding them. The advantage of following this course is, that it not only

enables myself, by reviewing the whole phenomena together, to draw inferences of
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a general nature, but that it also enables others to build on facts alone, any

theories or opinions different from mine.

I proceed then to state very briefly, the inferences which appear to me to be

warranted by the facts described in the first part of this memoir.

Looking generally to the whole series of superficial deposits enumerated,

every one wUl admit, that they shew the existence of large bodies of water, some-

times still and tranquil, sometimes in violent agitation and movement. Another

conclusion is, that these bodies of water must have stood at a level far above that

of the present ocean.
*

It is, however, proper to look at the subject more in detail.

1. That the stratified rocks of this district, when they were broken up, in

the manner explained in the previous part of this memou', were covered by water,

is evident from many cu'cumstances. (1.) There is no reason to suppose that the

water, at the bottom of which they were originally deposited, had withdrawn be-

fore this period. (2.) The occurrence of debris, and especially of clay, in fissures

intersecting the strata, cannot be explained otherwise than by supposing, that

water impregnated with sediment, had flowed into the fissures. It is not merely

in slips that such sedimentary matter is found, but also in the joints which in-

tersect individual strata. In the limestone quarries of the district, the circum-

stances now alluded to are very strikingly exhibited. In almost aU of them, the

shps and joints which intersect the rocks, are found fiUed with a dark yeUow clay

or mud, of fine consistency. As these fissures are occasionally more than a foot

wide, and many feet in depth, the quantity of clay is in these cases very abun-

dant, and implies a very considerable period for its deposition. The limestone

quarries where I have noticed this clay in greatest abundance, are at East

Salton, FuUarton, Monkloudon, and Burnbank near Carlops. Now the three

places last mentioned, are situated about 900 feet above the present level of

the sea ; so that the waters which introduced the sedimentary matter into the

fissures that intersect the stratified rocks of the district, must have been the wa-

ters of a sea which stood above the top of Arthur Seat. (3.) That there was such

a body of water, at the epoch when the strata were dislocated, is placed beyond

all doubt, by the occurrence in the district of extensive beds of sand and gravel

immediately over the rocks. These (as previously explained) have been traced

for many miles, lying beneath the boulder clay. That it forms no part of the

boulder clay, and must have been deposited before it, is evident not merely from

the great difference in the nature of its materials, and the mode in which they

are arranged,—but also from several other circumstances, one of which may be

noticed. The agent (whatever it was) which brought the boulder-clay, has trans-

ported it ft'om the west. It is impossible to discover any boulder or other mem-
ber of that deposit which has had even the appearance of a movement towards

the west. But it is not so with the beds of sand below the boulder clay. It was
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mentioned in the first part of this memou', that the sand covering a workable

coal-seam at Joppa had been transported towards the west, carrying with it ft-ag-

ments of the coal ;—whilst fragments of the same coal were found in the lower

part of the boulder-clay there, considerably to the eastward. The fragments in

the clay had of course been washed out from the sandy bed beneath, by the

passage of the boulder-clay over it.

There is therefore complete evidence of there having existed, when the stra-

tified rocks were broken up, a deep and extensive body of water, at the bottom of

which there were deposited those beds of sand and gravel, which form the lowest

of the superficial deposits covering the district. Nor is it difficult to perceive,

from what source, the materials of this lowest deposit were derived. That, imme-

diately after the elevation and rupture of the strata, their shattered remains must

have been washed away in enormous quantities, is evident on the slightest re-

flection. The simple fact, that—even in the greatest slips known in the district

—^the rocks on each side of them are at one and the same level, proves that,

on one side at least, there must have been prodigious abrasion. One of the slips

at Loanhead caused the strata to sink down 360 feet,—leaving of course on the

other side of the slip a lofty precipice of that height. One of the slips at Blink-

bonny must in the same way have produced a precipice of 480 feet. The great

Sheriffhall slip caused a precipice, which in one place would be no less than 500

feet,—which is as high as A:fthur Seat is above the adjoining district. It is true

that these precipitous fronts of shattered strata would not overhang the abyss

formed on one side of them, but would slope back from it. There were other cir-

cumstances, however, quite sufficient to insure their speedy demolition. In the

first place, the dislocation of its strata, and the ponderous rubbing of their broken

edges against one another, when the sinking or elevation took place, would tend

greatly to loosen the tenacity of the materials. In the next place, we must re-

collect the excessive multitude of slips, by which the entire coal-field was shat-

tered. Indeed, so numerous are they, that there is scarcely an acre of it not ab-

solutely reticulated by slips. It is evident, therefore, that the entire district, im-

mediately after being so fractured and fissured, would present the spectacle of

numerous ridges and precipices, little calculated, from their size, form, or in-

ternal condition, to resist the abrading action of tides and currents. We see,

accordingly, that they were all worn down, and so completely, that every trace

on the surface of the previous convulsions and dislocations became obliterated

and effaced. The strata which had composed these submarine ridges were en-

tirely washed away, and converted into mere debris ;—and these again were ul-

timately worn down into gravel, sand, and mud.

Such I conceive to have been the origin of the lowest superficial deposit,

which I have described in a former part of this memoir. It is true that this de-

posit has not been traced in all parts of the district,—which it ought to have
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entirely covered according to the above explanation. But it will be remembered,

that much of this lower deposit may have been washed away by supervening

agents; and indeed it is evident, from what was observed at Joppa, that the

boulder-clay did operate in this manner.

2. The Boulder-Clay in different parts of the district, exists (as has been

previously mentioned) at the height of nearly .960 feet above the present level

of the sea. The body of water at the bottom of which this clay was deposited,

must have greatly exceeded this depth. This inference would be warranted by

the single consideration of the weight and size of the boulders imbedded in the

clay ;—but it is still more forcibly suggested, by the fact, that some of the hills

over which these boulders were transported, are 1200 feet above the sea.

That this body of water was, when these boulders were transported, in a state

of violent and extensive movement, must be obvious even to the most superficia

observer. Some persons have endeavoured to account for the phenomena, by

supposing a wave or partial body of water to have passed over the country. But

it must have been a wave twenty or thirty miles long in one direction ;—for it is

one and the same deposit which is found on the coast of Fife, and in the county

of Mid-Lothian, both in its northern and its southern parts, and therefore must

have been one body of water which flowed over all that district. The force and

violence of the aqueous movement is demonstrated, by the enormous quantity of

the materials transported by it,—by the fact of the clay in which they are imbed-

ded not exhibiting any laminse,—by the imbedded boulders not being arranged

according to size or weight,—by the ruts or scratches both on these boulders and

on the subjacent roclis,—and by those deep excavations or scoopings in the rocks,

several of which I particularly described. That the same body of moving waters

which thus flowed over the district, extended to distant parts of the country, is far-

ther indicated by the character of the boulders, most of which are round-shaped

from having been rolled far, and many of which belong to rocks that do not occur

nearer than fifty miles. The circumstance last alluded to, shews also the du-ection

of the rush of waters. The mica-slate blocks must have come from the westward,

because it is only towards the west that this species of rock exists. This infer-

ence is confirmed by the ruts or scratches, which all lie in the same direction ;—

-

and it is confirmed by yet another cu'cumstance. The place where the boulders

are largest, and where they exist in greatest abundance, is on the east side of the

hills,—as, for example, along the shore between Seafield and Joppa. The frag-

ments of rock there, are from ten to fifty tons in weight. They have evidently

rested there, in consequence of being sheltered by Arthur Seat, the Calton Hill,

and othOT rocl^y eminences, from a western rush of waters.

In the sandstone quarry at Joppa, may be seen a very striking proof, not

only of the violence which accompanied the transport of this boulder clay, but

also of the direction in which it went. It has been mentioned, that the edges of
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the strata are there covered by the boulder clay. The strata dip at an angle of

about 60° to the E.SE. On the west side of the quarry is a stratum of shale,

which runs along the whole length of the quarry for several hundred yards.

This stratum, along its edge or outcrop where it is in contact with the clay, is for

a considerable distance raised up from its natural slope of 60°, to almost a vertical

position. There is a line of crack visible, occasioned by its having been bent or

forced into that position ;—which crack runs parallel with the edge or crop of the

stratum, and is distant from it several feet. That the shale has been pushed east-

wards into this position by the superincumbent boulder-clay, I think there can be

no doubt.

The remarks now offered correspond entirely with the inferences of a very

distinguished member of this Society, the late Sir James Hall. He it was who

first pointed out the phenomena in this neighbourhood, and particularly to the

west of Edinburgh, of what has been termed " crag and tail." He discovered

various ruts and scratches on different parts of Corstorphine Hill ; and ascertained

their average direction to be W.SW. by compass. It was his opinion, that the body

of water which flowed over Corstorphine Hill, carrying with it the enormous

boulders which were left on its east side, could not have been much less than

1000 feet deep.

My own observations in other parts of the district, quite confirm Sir James

Hall's opinion. I have shewn that the boulder-clay, with its imbedded blocks,

reaches in several places to the height of 960 feet above the present sea. It

cannot be imagined, that the water which transported these blocks did not

reach a higher level. On the contrary, the water must have been very deep, in

order to have possessed the force necessary to transport materials so weighty and

so extensive. If therefore, we find these materials reaching to a height of 960

feet, the water which transported them must have been at least 1700 feet above

the sea,—a depth sufiicient to have covered most of the Pentland and Lammer-
muir hills.

It is not difficult to understand, where the imbedded blocks of stone may
have come from. But it may form a question, where the enormous mass of clay

could have come from. That it was derived from the westward, is rendered pro-

bable from the fact of the boulders imbedded in it having been brought from the

westward. But farther than this, I do not think we can yet safely go in quest of

the true explanation. I have several times heard a member of this Society, pos-

sessed of great practical knowledge, express opinions on this subject, in which,

however, I cannot concur. He thinks that the immense volume of boulder clay, or

" old alluvial cover," as he has termed it, may be accounted for by the slips which
have broken up the subjacent coal-measures. No doubt there must have been,

as just explained, an immense mass of debris occasioned by these slips. But
these materials never could have produced the houlder-day of the district. They
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would necessarily produce a deposit of a totally different character ; and more-

over, they could not have been spread over the district except by a body of

water, much more tranquil than that which existed dm-ing the deposition of the

boulder-clay. The nature of the materials forming the deposit beneath the

boulder-clay, and the manner in which they have been deposited, equally attest

the comparative tranquillity of the waters at that period,—the period which im-

mediately succeeded the elevation and dislocation of the stratified rocks. On the

other hand, it is most manifest that, at the period when the boulder-clay was

deposited, the waters were in a state of violent and extensive commotion. It is

just what might be expected to result from a cataclysm, which washed over a

country and bared it of its soil to an enormous extent ;—and this idea is a good

deal strengthened, by the fact of an elephant's tusk having been found in the

boulder-clay. For this discovery shews, that when the boulder-clay was depo-

sited, a country inhabited by animals existed to the westward, the soil of which

was therefore such, as to support a luxuriant vegetation. It is true that no ve-

getable remains have as yet been noticed in this boulder-clay ; but, considering

the extraordinary resistance which attended the transport and deposition of this

clay, it is not likely that many vegetables would be preserved in it, or indeed that

there should be even any animal remains in it, except such as were of the hardest

materials.

3. After the epoch of the boulder-clay, the waters which then covered this

district, appear not to have been agitated by any currents of an extraordinary de-

scription. The deposit which lies above the boulder-clay, contains no blocks of

stone that required great force of water to transport them. On the contrary,

they are comparatively small and angular in their shape, and may all have been

derived from the neighbouring district. But that there were currents in the

water at this time is proved, (1.) by there being such a deposit ; and, (2.) by

the subjacent boulder-clay having been in some places entirely washed away.

The materials thus abraded from the boulder and stony clay, may have supphed,

in part at least, the beds of clay and sand, which form the deposit next in order.

4. When we examine the character and contents of these sandy and argilla-

ceous deposits, we see proofs of much greater tranquillity in the waters, than would

have existed during the immediately preceding period. The accumulations of

clay and sand which prevail over considerable portions of the district, shew that

the submarine currents had greatly lessened in force. I have mentioned, that

the pieces of rock found in this particular deposit are generally very small, and

that the beds of clay and of sand are usually laminated. This is a state of things

which clearly justifies the above inference.

At this period, it would appear that the level of the waters had probably

fallen below what it had previously been, for the sand and clay which marks the

epoch now referred to, is not found at a higher level than 700 feet above the pre-
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sent sea. This would lead to the supposition, of there having been an elevation

of the land at a period immediately antecedent to the deposit now referred to.

I have alluded to the remains, both vegetable and animal, imbedded in the

clay which form the lower part of this deposit. All the vegetable remains are

terrestrial, and are such as to indicate the existence of a river or rivers of con-

siderable size. The animal remains are marine ;—the shells, such as are usually

found in great estuaries, where there is a commixture of salt and fresh water.

It seems probable, therefore, from a consideration exclusively of these remains,

that during this particular epoch, when clay and sand were deposited, there exist-

ed a bay or arm of the sea into which ft-esh water flowed. But as the waters

then stood at least 700 feet higher than they now do, that arm of the sea must

have stretched across towards Glasgow, in which case Arthur Seat, and most

of the Pentland hills, were islands, as Inchkeith and Inchgarvie now are. Into

this sea, would of course be poured immense quantities of muddy sediment

derived from the boulder-clay, and which would be deposited in all the hollows

of the boulder and stony clay. But at any given place, it would not be at

every moment deposited in exactly the same quantity. The tides would in this

respect have a considerable influence. As the largest supplies of the muddy sedi-

ment would be afforded by rivers, the deposition would be suspended, or at all

events diminished, by every influx of the tide—when probably a slight sprinkling

of sand would be thrown upon the muddy deposit which took place during the

ebb-tide. In this way, we can understand how the laminae visible in the Porto-

beUo brick-clay were formed ;—and if this inference be correct, then each layer

of clay would denote the period of one tide or half a day. As each layer is, on

an average, about one-sixth of an inch thick, 120 feet (which is supposed to be

the thickness of the flne clay at Portobello) would denote a period of twelve years

as the interval of its deposition.

If from any cause, the waters ceased to be supplied with muddy sediment,

then sand alone would be deposited. It would appear, that for a certain period

muddy sediment had been supplied in this district,—after which sand, the natural

product of oceanic waters, was accumulated in large banks over the clay. The pro-

blem then is, to account for a supply of clay or mud by the rivers in unusual

quantity, and for a certain period only. Perhaps a solution of the problem may
be found in the elevation of the district which took place immediately before this

period. The bottom of the sea as it became exposed to the united influence of

rivers and rains, being unprotected by a vegetable covering, would afford an abun-

dant supply of muddy sediment, and would continue to afford this supply until

vegetation had consolidated the soil, and the rivers had acquired for themselves

permanent channels.

Notwithstanding these extraordinary physical revolutions, and the fact that

the sea was at least 700 feet higher than it now is, it would seem that this district
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was in many respects much the same as it is at present. The character of its

vegetation, and the description of animals which inhabit it, could not have been

very different from what they are in our own epoch. We see from the remains

of oak trees and hazel nuts found in the Portobello clay, that there were forests

in the country, and that these forests contained trees of the same sort as those

which we behold flourishing. We see from the remains of deer, of whales, of the

grampus and the seal which were discovered in this deposit, in the immediately

adjoining districts, that the same sort of animals which exist now, moved then

on the land and in the waters.

5. The next epoch in the history of these superficial deposits shews, that

another change subsequently took place in the relative level of sea and land, by

which the waters were brought down to a level much nearer that which they now
occupy. I allude to the period, during which there was formed the old bank, that

has been described in the former part of this memoir, as running nearly parallel

to the present shore, and the base of which is between 30 and 40 feet above the

level of the sea at high-water mark. That this old bank is an ancient sea-cUff'

cannot be doubted by any one who looks at its parallelism with the shore,—^the

uniformity in the height of its base above the sea, and the occurrence of marine

shells or sand almost every where between its base and the sea. That cliff, it is

true, is in some places so worn down, as not to be now traceable ; and almost every

where it has a slope which is possessed by no existing sea-cUff, the base of which

is washed by the waves. But these circumstances so far from being incongruous

with the opinion above stated, serve in the strongest way to confirm its accuracy.

6. The sea then stood only between 30 and 40 feet above its present level,

—

so that, after the epoch of the deposit last described, there must have been an

elevation of the land, to the extent of nearly 700 feet. But after the formation of

this old sea-bank just mentioned, an opposite change of levels still more pro-

digious must have taken place. For we have seen that, after this period,—nay,

after the formation of many of our existing valleys,—and after the surface of

the country was covered with vegetation,—there was spread over this district,

what I have termed an upper covering of gravel and boulders, and tJiat to the

height of no less than 900 feet above the sea. If this be the fact, it necessarily

suggests a revolution of a most stupendous character, for it is difficult to ex-

plain the phenomena in any other way, than by supposing that the whole dis-

trict had sunk, so as to be submerged for a time beneath the waters of the

ocean,—and that it afterwards rose up to the level which it has ever since pre-

served. I confess that this is a supposition which would requne to be confirmed

by very strong evidence indeed, before it can be assented to. It appears to me,

however, to be an inference, and the only inference, deducible from the facts

described in a previous part of this memoir ;—and therefore that it must be ad-

mitted and credited, notwithstanding our natural and very salutary aversion
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to credit so stupendous a change. At the same time it should be observed, that

this particular revolution would form only one of a series of revolutions indicated

by the successive deposits existing in the district ;—and that however unprepared

we may have been, some years ago, for crediting the recent occurrence of ex-

tensive changes, we have now far less scruples in giving our assent to the evi-

dence of it, when we consider, that at this very moment there are whole conti-

nents gradually sinking, and others gradually rising from beneath the waters of

the ocean.

In conclusion, and with reference to the geology of the district generally,

I may observe, that it is impossible for any one who is familiar with the outward

features of it not to perceive, that even they bear, in a considerable degree, the

visible impress of the subterranean changes and convulsions which I have, in

the foregoing memoir, attempted to trace. I have stated, for example, that there

are two coal basins, formed by the position into which the stratified rocks have

been thrown. If this were the case, we should expect to find, that the lowest

parts of the whole district would be along the centre or trough of these basins.

This is found to be the fact. The trough of the principal basin commences at

Fisherrow, and runs up by Dalkeith, Roslin, and Pennicuick, to Carlops. Now,

these are known to be the points of lowest level in that part of the country ; and

accordingly, it is by these places that the principal river there, viz. the Esk, is

found to flow. The other basin is, in like manner, for a considerable distance

watered by the Tyne. It is hardly necessary to add, that it is owing to the same

cause, that the deepest and most extensive superficial deposits of sand and clay,

which overspread the district, occur in the central parts of the Esk basin.

I might advert to many other proofs,—as, for example, the existence of the

Roman Camp hiU, and the high ridge which runs to Tranent,—in illustration of

the proposition that the present configuration of the country has been greatly af-

fected by even the most ancient geological changes. But I pass on, to notice the

effect which more recent geological changes have also had in this respect. It is

not possible to go to any part of the district, without witnessing deep and in-

delible traces of that violent rush of waters, which bared all the western faces of

our hills,—left on their eastern flanks a heap of rubbish, including boulders many
tons in weight,—and scooped out hollows where the current was contracted and

confined. I do not refer now merely to excavations discovered in mining opera-

tions :—I refer to others visible to the naked eye and the most casual observer,

and which have ever since remained filled with large bodies of water. That the

hollows now occupied by Duddingston Loch and Lochend,—and the low ground

on the north and south sides of the Castle Rock of Edinburgh, till lately the re-

ceptacles of considerable accumulations of water,—^that these localities bear the
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impress of that impetuous torrent, which left traces of its violence on the adjacent

rocks, it is impossible to doubt. These rocks, we see, were able to stand the

shock, and turn aside the waters, charged though they were with blocks of enor-

mous weight. The increased force and rapidity of the stream occasioned by these

impediments, would cause a greater scooping out to take place along their sides

;

and hence the reason why the ground at the west, as well as north and south

sides of most of our trap hills, is lower than it is any where else.

The examples now given are sufl&cient to show, that even the outward form

and present surface of the district, attest the occurrence of several of those mighty

convulsions, which, from time to time, changed so completely the condition of all

things in this part of the globe.
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APPENDIX A.—p. 260.

The tabular chart referred to in the Memoir, represents, at one view, all the workable coal-seams

and limestone strata in East-Lothian and Mid-Lothian, the names of the places where they are known

to exist, with their thicknesses and mutual vertical distances at these places.

The first column in the table, is occupied with a list of the coal-seams and limestone strata, arranged

in the order occupied by them in a supposed section of the basin, from top to bottom. Where the coal-

seams are known by particular names, these names are stated,—with such a distinguishing mark as to

shew the place where this appellation obtains. This first column consists of seventy-three lines, of which

sixty-six are occupied by coal-seams, and seven by limestone strata.

The other columns in the table are devoted to a statement of the thicknesses in feet and inches, and

the mutual distances in fathoms and feet,—of the strata mentioned in the first column, at various places

specified in these columns.

The structure of the table will, however, be best understood, by making from it a few extracts ; and

these will be so chosen, as to illustrate and verify the statements in the text.
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Thickness of " North Greens" in Tyne Basin.

West Side. E. & S. Sides.
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These general statements are useful, as they serve to shew in what parts of the district, the vege-

table materials from which the coal-seams were formed, the different coal-seams were most accumulated ;

—

and where, on the other hand, they were more scantily supplied. On reviewing the above extracts,

it is seen, that the two coal-seams to which they refer, are thickest at or near a line drawn from Gilmerton

to the south of Tranent, and that towards the southern limits of the district these coal-seams thin away

till they cease altogether, or at least become so thin as to be unworkable. This inference is confirmed,

by an examination of all the other coal-seams, recorded in the tabular chart above referred to.

It is interesting to mark, not merely the variations in the general thickness of the coal-seams in

different parts of the district, but also the variations in the nature and thickness of the hands which com-

pose the seam. It is not so easy to procure information, so minute and precise as that now alluded to ;

—

and therefore it is, that the following table is less extensive than those above quoted. But it is never-

theless sufficient to afford an insight into a very interesting subject.

The analysis which has now been given of the two principal coal-seams in the district, shews, that

they are not homogeneous in their composition, but that they consist, or are made up of layers, the mate-

rials of which are extremely different. It is evident also from the nature of these materials, that they

could not have been deposited and spread out over the district simultaneously. The several layers or

bands of shale, sandstone, clay, and vegetables, must have been deposited separately and successively, so

that, in fact, an ordinary coal-seam, when analysed, presents a miniature section of the various strata

which compose an entire coal-field. This analogy holds true, in yet another respect. Not only does

it appear, that the bands composing the coal-seams have been separately and successively deposit-

ed,—but moreover the causes which brought about this deposition, must have operated over extensive

areas,—and been subjected to little or no disturbance. The fact, that bands of shale, not more than a

few inches thick, scarcely vary in thickness, over an area several miles in extent, shews an almost incre-

dible degree of stillness and placidity in the carboniferous waters. Any variation in thickness which they

do exhibit, must have arisen, generally speaking, not from disturbing causes, but from a variation in the

supply of sediment ;—and hence we see, that the bands characterizing particular coal-seams get thinner

in some places, and entirely disappear in others.
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I proceed next to furnish some information taken principally from the tabular chart referred to in

the text, in regard to the Limestone strata in the basin. These are :

—

1. The Coldcoats Limestone, which is about 350 fathoms from the top of the basin, or about the

middle of it.

2. Another Limestone, about 50 fathoms below the first.

3. Another Limestone, about 150 fathoms below the first.

4. Another Limestone, about 22 fathoms above the North Greens Coal.

5. Another Limestone, about 15 fathoms above ditto.

6. The Gilmerton Limestone, about 14 fathoms below ditto.

7. Burdie House Limestone, lying near the bottom of the basin.

Though it is undoubted, that these several strata of limestone exist, and that they extend over a

large portion of the district, there is some difficulty in identifying each stratum at all the places where

they shew themselves. This difficulty applies, however, only to the three limestones, marked above 4, 5,

and 6, which are so near in respect of position in the basin, and so similar in respect of thickness, that

they are on this account apt to be confounded ;—and to say the truth, I have a suspicion that No. 4

and 5 may be one and the same seam. It is very possible, therefore, that the columns in the following

table, enumerating the localities where these three limestones exist, there are several mistakes ;—but

it will be immediately shewn that these mistakes do not invalidate the particular inferences to be deduced

from the table.

Coldcoats Limestone No. 1. Limestone No. 4. Limestone No. 5.

Ft.

Joppa, 3
Magdalen Pans, . . . 3
Gilmerton, ...... 2.11

Coldcoats, 3.4

Bryants, 2,9

Newmills level, .... 2.5

Ft.

Easter Duddingston, ... 8

Gilmerton, 6

Loanhead, 8 to 10
Venture-fair (2 miles S. of

Penicuik), 4?
Masterton Mains, .... 15

Cousland Dean, 15

Lawfield, 16
Fullerton, 19
Esperston, 14
Middleton, 18

Crichton Dean, .... 20
Spilmersford, 13

Burnbank, 20
Bents, 12?
Side, 22
Turnydykes, 30
Edge'head.? 18
Fufiet ? 15 to 18
CatweU.? 30
Lanridge, 13
Red CoU, 12
Trabroun, ...... 12
Jerusalem, 10 to 16

Harelaw, 12 to 14

Ft.

Niddry Mill, 6
Gilmerton, 3
Bilston Burn, 6
Loanhead, 104
Glencorse, 5
Dossie, 12
OldFordel, 13
Cousland, 12
Monk-Loudon, 18
Middleton, 12
Burnbank, 10
Limeston Green, .... 9
Whitfield, 9
Rutherfurd, 9
Arniston? 14

Limestone No. 2.

Joppa, 3
Magdalen Pans, .... 2

Bryants, 3
Cowden, 3.6

Dryden? 2

Newraills level, .... 2.11

Dykeneuk Bridge (1 mile S.

of Penicuik), .... 4 Limestone No. 6.

Limestone No. 3. Easter Duddingstone \ o-iaj- o
farm-house, . . J *

^

Niddry Mill, 4
Eastfield, 74
Moredun, 64
Gilmerton, ' 10?
Bilston Bur]ji, 6

Dryden, .(

East Saltoun, 18
Blinkbonny, ...... 15

Woolmet, ,..3
Gilmerton, 2.7

Loanhead, 2
Prestongrange, 2.4

Wallyford, 1.8

Newmills level, .... 4.6

Bryants, 2.''

Arniston, 3
Stobhill, 2.7

Limestone No. 7. ?

Burdiehouse, 27
Carlops, 3
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It appears from the above tabular statement,

—

(1.) That those limestone strata which are the thickest, are situated at or near the bottom of the

basin ; and that the thinnest are in the middle of the basin, or about half-way down from the top.

(2.) That those limestones which vary least in thickness, are situated about the middle of the basin ;

—

and that the amount of their variation over the entire district, does not exceed a few inches.

(3.) That those limestones which vary most in thickness are situated at or near the very bottom of

the basin ; and that the amount of variation is so great, as that in some parts the same stratum attains

a thickness six times greater than that which it possesses in other parts.

(4.) That whilst those lower limestones indicate a great increase of thickness as they approach the

Lammermuir and Pentland Hills,—the upper limestones (being far from hills,) indicate no tendency

to thicken in any particular direction.

This inference is an important one, and therefore requires an attentive examination of the above

statistical details. It is apprehended that they fully warrant that inference.

It may be thought that the Burdiehouse limestone, which is stated in the table as occurring at

Carlops, and being so much thinner there,—is inconsistent with this inference. Independently of the

doubt, whether the particular limestone at Carlops now referred to, is really the Burdiehouse bed, I may

observe that the fact of this stratum being as near the hills at the one place as at the other, would be a

sufficient answer to the objection. Another is suggested by the consideration, that there may have been

a greater supply of sedimentary matter at Burdiehouse than there was at Carlops ;—and it has been else-

where explained, that there is an essential difference between the origin and formation of the Burdie-

house limestone, and that of all the other limestones lying over it.

It will be obvious, that the correctness of the above inferences would be by no means impugned,

—

though mistakes should be discovered in the table, as to the particular ^foce* where the lower limestones

exist. For the^ all indiscriminately shew the same tendency to thicken as they approach the hills.

Before concluding my extracts from, and remarks on the table of coal and lime strata, I may men-

tion, that attempts have been sometimes made, to calculate the quantity of coal existing in particular dis-

tricts, and thus to anticipate the period of its total exhaustion. These calculations are necessarily very

vague and uncertain,—arising chiefly from the impossibility of knowing, whether the coal is in pre-

cisely the same condition in the unexplored parts of the basin, as it is in those places where it is worked.

But any calculations, however imperfect, afford some degree of approximation to the truth,—which

cannot mislead if viewed only as an approximation.

From the tabular chart of coal-seams above referred to, it appears, that if all those that are worked

or workable, with several too thin to be worked, are taken into account,—there would be a total thickness

of coal amounting to 188 feet. This statement, I observe, coincides pretty nearly with an estimate

made by Mr Bald. He has very lately calculated the quantity of coal in the Marquis of Abercorn's

estate at Easter Duddingstone,—through which the two lower series of coals run. The lowest he calls

the Duddingstone Group,_comprising all between the " North Greens" and the " Wood Coal ;"—the
middle series he calls the Joppa Group,—comprising all above the Wood Coal, as far up as the " Golden"
Coal ;—the uppermost series in the basin, he denominates the Brunstain Group. The two former groups,

Mr Bald calculates, contiins (in the Marquis of Abercorn's estate) a total thickness of 108 feet. I

observe from my tabular chart, that the uppermost series presents an average total thickness of 75 feet,—
which, added to Mr Bald's estimate of the total thickness of the other two, would make the thickness

of coal in the entire basin 183 feet,—being only 5 feet less than the result of my own calculations.

Let it be assumed, then, that the thickness of all the known workable seams is 1 83 feet. If there

was one coal-seam of this thickness, it would be easy, after marking on a map the line of its outcrop,
to calculate the extent of it, and the quantity of coal contained in it. But where this thickness is made up
by seams, some of which are at the very bottom of the basin, and the others at the top, in consequence
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of which the extent of the latter bears but a small proportion to that of the former, the calculation is

attended with difficulty. Even, however, if we could accurately ascertain the quantity of coal in each

individual stratum, it would be wrong to include the whole as available or attainable fuel. Several of

these coal-seams, and the best of them, are at some places at such a depth from the surface, as not to

be capable of being reached by any means that are either known or likely to be invented. This re-

mark is particularly applicable to the " North Greens" Coal, which affords the largest supplies of parrot

coal, and which it is probable is, all along the trough of the Esk basin, not less than from 500 to 800

fathoms below the surface. It may be safely said, that all the coal of this and other seams which are

more than 200 fathoms below the surface, is entirely unattainable.

According to this view, the uppermost or Brunstain series of coal would all be brought within our cal-

culation, as its lowest beds are not nearly so deep as 200 fathoms from the surface. They do not stretch

farther south than the great 80 fathom slip, which runs under Sheriffhall pigeon-house and Dalkeith

Palace,—having been all washed away on the south side of that slip. They extend, therefore, in a N. and

S. direction about four miles, and in an E. and W. direction about three miles, so that, if they had been

all horizontal, there would have been twelve square miles of coal. As they are basin-shaped, some addi-

tion should be made on that account ;—but on the other hand, as several of them do not run so far as others,

a still greater deduction on that account must be made. On the whole, then, it may be not unfairly

assumed, that the Brunstain or uppermost series comprises 75 feet or 25 yards of coal, extending over

ten square miles. Now 36 cubic yards of coal weighs about 32 tons ; and as there are 3,097,600

square yards in a square mile, a square mile of coal, one yard thick, would contain rather more than

2,800,000 tons of coal;—and a square mile of coal 25 yards thick would contain about 71 millions of

tons;—so that the Brunstain group of coals must contain not less than 710 millions of tons.

From the previous explanations, it is obvious, that it would be much more difficult to calculate the

quantity of available coal in the two lower groups of coals. Suppose them all to constitute one seam, 86

yards thick, and situated about half-way between the two,—it would, at the deepest part of the Esk

basin, viz. at Fisherrow, be about 500 fathoms below the surface, and in the southern parts of the district

more than 200 fathoms. It may, therefore, be roughly estimated, that about one-half of these lower

coal-seams are altogether unattainable ;—and that instead of calculating their extent at about 100 square

miles, we should estimate it at not more than 50 square miles. One square mile of coal 86 yards thick

would produce 102 millions of tons, and therefore the two lowermost groups may be supposed to con-

tain at least 5000 millions of tons.

I believe that in such calculations one-half is generally deducted for waste and for deteriorated

coal ;—so that the total quantity of marketable and attainable coals in the Lothians may be estimated at

about 3000 millions of tons. But from this a deduction must be made for what has been already

worked out. What this quantity may be it is very difficult to say ;—but assuming it to be one-fourth,

there would be left 2250 millions of tons. The annual home consumption of coal in Great Britain is at

present about 30 millions of tons,—so that there is enough in the East-Lothian and Mid-Lothian coal-

fields to supply the whole nation, for seventy-five years.
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APPENDIX B.—P. 268.

Table of Backs and Cutters.

Names op Placbs. Backs. Cutters. Quality of
Rock.

Dip of
Strata.

Angle of
Dip.

Angles formed
by Back and
Cutter.

Tumydykes Quarry, . • • North
Lime
strata

North 3° or 4°

New Craighall, .... N. 37° W. N. 40° E. Coal E.SE 6° or 6° obt. 103°

ac. 77°

Monktonhall? NE.?

Mucklits Pit,
N. 35° to

40° W. N. 35° E. Coal NW.byW. 8° obt. 107°

ac. 73°

Gilmerton, N.48°W.? N. 42° E. ? Coal S. 47° E. 32° obt. 90°

ac. 90°

Ditto, N. 38° W. Ditto S.SE. 33°

Ditto, N. 30° W. Ditto

Ditto, N. 56° W. N. Ditto
obt. 124°

ac. 56°

Ditto, . N. 67° W. Ditto SE. i S.

Ditto, N. 79° W. N. Ditto
obt. 101°

ac. 79°

Cowden new Colliery, . . North W.NW..? Great seam
of Coal

NW. 24° obt. 124°

ac. 56°

Easter Cowden Quarry, North W.NW. Sandstone s.sw. 10° obt. 124°

ac. 56°

Wester Cowden Quarry, . NW. North. Sandstone North 10° ob. t. 135°

ac. 45°

Dalkeith Park, one -fourth mile

East of Stables, . . .

N.NW. Sandstone w.sw. 8° or 10°

Dalkeith Park, at North Esk,

(Ladyseat), .... W.NW. E.NE. Coal North 3° obt. ] 12°

ac. 68°

On Esk, below Smeaton farm-

house,
N. by W. NE. Sandstone W.NW. 2° or 3° obt. 124°

ac. 56°

On Tyne, one-half mile below
Turnydykes, . . .

W. by N. N. 4E. Lime North 2° obt. 95°

ac. 85°

Edgehead, NW. N.NE. Coal South 8° obt. 113°

ac. 67°

Bryans? NW. N.NE. Coal NW. 12° obt. 113°

ac. 67°

Deep Sykehead, .... NW.byW. N. by E. Sandstone E. by N. 2° obt. 113°

ac. 67°

Burnbank, North N.NE. Lime SE. 6° obt. 117°

ac. 23^
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Table—continued.

Names of Places. Backs, Cutters. Quality of Dip of
Strata.

Angle of
Dip.

Angles formed
by Back and
Cutter.

Joppa Quarry, .... SW. East Sandstone SE. I E. 65° obt. 135°

ac. 45°

Joppa Shore, sw. SE. i E. Fire-clay SE. 45° obt. 95°

ac. 85°

Tranent, N. N. 60° E. Coal N. 50° E. 8°.?
obt. 130°

ac. 60°

Millerhill, N. 30° E. N. 30° W. Coal SE. 3° obt. 120°

ac. 60°

Esperston Quarry, North NW. Limestone N. 3° or 4° obt. 136°

ac. 45°

Side Quarry, N. 10° E. NW. by N. Limestone N. 3° obt. 135°

ac. 45°

Braidwood Quarry, . . . N. 3° W. Sandstone N. 2°

Roslin Powder Mills, . . NE. k N. NW. Sandstone SE. k S. 5° obt. 95°

ac. 85°

Loanhead, N..? W.? Coal South 50° to 60°
obt. 90°

ac. 90°

Gilmerton Old Quarry, . . NW. -Lmei SE. 40°

Dryden, in Bilston Burn, . NW. 4 N. Lime E.SE. 60°

Cowbridge, NE. Sandstone NW. 5°

Burdiehouse, W.NW. SE- 30°

Granton Quarry, .... N. 55° W.
N. 22° W. Sandstone SE. 15°

Craigleith, West Sandstone E. byN. 25°

Fullarton, NE. Limestone E.NE. 10°

Arniston, S. 37° W. S. 60° E.
Splint

Coal
W. 14°

obt. 97°

ac. 83°

Ditto, S. 80° W. S. 13° E.
Parrot

Coal
W. 21° N.-, 12°

obt. 93°

ac. 87°

Ditto,
Great seam
(cubical)

W. 14°
obt. 103°

ac. 77°

Barleydean, North West Coal SE. 6° obt. 90°

ac. 90°

Rosewell Village, . . . N. 33° W. N. 57° E. Coal South 6° Ditto

Rosewell Jewel Pit, . . . N. 33° W. N. 57° E. Coal South 6° Ditto

Note.—The particulars afforded by the above Table are, I admit, far from satisfactory. They are not

only incomplete, but, in several instances, exhibit results inconsistent or contradictory. That there must be

many errors in the Table, I feel perfectly assured. One cause of error arises from this circumstance, that the

colliers, and even the most intelligent overseers, often confound the hacks vdth the cutters,—or rather the terms.

This Table ought not therefore to be relied on, to any great extent ; and I have put it into the Appendix, only

because it is referred to in the Memoir, and because it may suggest to other observers, a convenient form for

registering the results of their inquiries.
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APPENDIX C—P. 270.

Report on the Wardie Ironstone. By William Gregory, Esq. M.D. Prof, of Chemistry.

Edinburgh^ Uth May 1836.

I have examined the three samples of Wardie Ironstone with the greatest care.

No. 1, from a depth of 20 fathoms 5 feet, contains in the calcined state, as given to me, in 100 parts

—

Matter insoluble in Acid (Sand), 19.6

Peroxide of Iron, 72.6

Alumina (Clay), 3.5

Lime (a Trace), 0.0

Moisture and Loss, 4.4

100.0

No. 2, from a depth of 26 fathoms 4 feet, contains, in a calcined state, in 100 parts

—

Insoluble Matter, 37.8

Peroxide of Iron, 56.4

Alumina, 2.5

Lime (a Trace), 0.0

Moisture and Loss, 3.8

100.0

No. 1, when calcined, contains therefore about Fifty per cent, of pure Iron, calculated in the metallic

state ; and No. 2 Forty per cent, nearly.

No. 3, in its natural state, contains in 100 parts

—

Insoluble Matter, 19.3

Protoxide of Iron, 45.9

Alumina, 1.5

Water and Loss (a Trace of Lime), Carbon, &c. . . . 33.3

100.0

The Metallic Iron here is 32.2 per cent. ; the reason of the difference is, that, by the calcination, a quan-

tity of water was expelled, so that in Nos. one and two, the quantity of iron is increased in proportion to the

weight of the mineral analyzed.

All the ores are remarkablj' good ; and there can be no doubt, that, with the addition of lime, and other

necessary fluxes, they will work admirably. I have scarcely seen any ores of the coal-field containing so

much as Forty-five per cent. Protoxide ; and it is probable that Nos. 1, and 2, contain a good deal more

than this. All, I have no doubt, in the natural state, contain, as No. 3 does, some carbonaceous matter ; but

the quantity of this is not large.

I have much pleasure in making the foregoing Report, which is even more favourable than I had antici-

pated. The quality of your ironstone is not to be surpassed, scarcely equalled, in any ironwork in Scotland

WILLIAM GREGORY, M.D.

To Captain J. D. Boswall, R. N. of Wardie.

Note.—I understand from Captain Boswall that the iron-ore above reported on consisted of beds or bands

about 17 inches in thickness, and situated at a depth of from 20 to 30 fathoms from the surface.

I may mention in connection with this subject, that there is a stratum of yellow ochre—(alumen and red

oxide of iron),—situated between the North Greens Coal and its subjacent limestone. At Easter Dudding-

stone, this stratum is about 6 inches thick,—at Dryden it is from 16 to 18 inches. At the latter place, it is

worked, and is sold in Edinburgh at the rate of a guinea per ton.

VOL. XIV. PART I. XX
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APPENDIX D.—P.271.

I. Table of Slips in the Mid-Lothian and East-Lothian Coal-Fields.

No.
on

Map.

Direction

Compass.

Side, on which
Strata are
downcast.

Number of
Fathoms, Strata
are downcast.

Distance, to
which Slip
traced along
surface.

End, at which
Strata most
dislocated.

Width of Slip,

in feet.

place, through
or near which,
Slip runs.

Source of
information.

General
Rkajarks.

1. N, 60° W. N. 30° E. 8 to 10 Walliford Plans

2. S. 3° W. N. 87° W. 6 Do. Do.

8. W. by N. S. by W. Do. Do.

4. W. by N. S. by W. 15 Drumore Grieve

5. W. 7° N. ? S. 7° W. Wisp Bald.

6. North Rosewell

7. N. 70° W. N. 20° E.
at Prest.gr. 30
—Tranent 16

2 miles
W. or

trough
Prestongr.

Bankton
Moore
Cadell

Traced to

Win ton Loan

8. S. by W. W. by N.
At N. end 4

S. 1
140 yds.-f- North ]Myles Moore

9. NW. SW. 36-1- 14 miles-f- Ormiston

10. N. 41° W. S 41° W. 8 or 9 Blindwalls

11. NW. SW. 8 Pencaitland Henderson

12. N.NW. E.NE. 4 Do. Do.

13. N.NW. w.sw. 34 Do. Do.

14. N. 30° W. W. 30° S. 16 to 20 N. or trough Carberry Grieve

15.

16.

NW. NE. 8 or 9 Elphinston Foster

NW. NE. 6 S. or crop ? Fountainhall

17. North Rosewell

18. N. 54° W. N. 36° E. 80 14 miles E. or trough 9 Sheriffhall Plans

19. s.sw. E.SE. Harelaw Ross

20. NW. NE.? Preston Grieve Quebec slip

21. w. ? North 40 Do. Do. North slip

22. N. 60° W. N. 30° E. 15 Brunstain Plans

23. N. 36° W. N. 55° E.
.At S. end 13
at N, end 4

1 mile -|- S. or trough Sheriffhall Plans

24. W.NW. E.NE. 44 500 yds.
W. or

trough
Morison's-

haven
Moore

12 F. S.of
Whin dyke

25. W.NW. E.NE. E. or crop Do. Do.
16 F. S.of
Whin dyke

26. N. 134° W. N. 764° E.
One slip 1

other 14

Morison's-
haven

Moore
2 slips 4 or

5 yds. apart

27. N. 68° W

.

W. 68° S. 24 E. or crop Penstone Do.
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I. Table of Slips in the Mid-Lothian and East-Lothian Coal-Fields—continued.

No
on
Map.

Direction

Compass.

Side, on which
Strata are
downcast.

Number of
Fathoms, Strata

are downcast.

Distance, to
which Slip
traced along
surface.

End, at which
Strata mnst
dislocated.

Width of Slip,

in Feet.

Place, through
or near which.
Slip runs.

Source of
Information.

General
Remarks.

28. NW. SW. 5 Penstone Do.

29. W. 6° N. W. 84° S. 10? 4 mile -|- W. or crop Edmonstone Weighan

30. N.NW. 1 Mile 54 Millerhill Adams
5 slips run-
ning paralle

31. N. 40° W. S. at S. end
N. at N. end

At S. end 5

at N. end \\
1 mile4- 9 Newton Adams

32. N.NW.
strata on N.sirte

dip SE. ; on S.

side N.
14 mile. Cairnie Adams

33. W. 5° S. W. 85° N. 4or5 ? Newbattle Grieve

34. W. N. 44 2 miles W. or trough Bryants MoiFat

35. W. N. 14 2 miles W. or trough Do. Do. 70F.fr. 34.

36. W. 24° N. N. 24° E. 4.0 W. or trough Do. Miller Doubtful

37. NW. byW. NE. by N. 1.1 Catwell Do.

38. S. 30° W. S. 6° E. 15 4 mile Blinkbonny Gibson

39. N. 34° W. Niddry Bald

40. N. 34° W. Do Do.

41. N.NW. E.NE. 4 feet Blindwalls

42. NW. y° N. NE. A E. 4 feet N. or trough Do.

43. NW. SW. 6 to 8 Cinderhall Sherar

44. N.NW. W.SW. 8 Do. Do.

45. N. 5° W. E. 5° N.
In lime qua. 1

50
1 mile-f- S, or trough Gilmerton

100 yds. NE.
of engine

46. North East 10 Do. Do. Do.

47. North East 35 Do. Do. Do. 50F.W.of46

48. NW. by W. N.E by N. 1
2 Sheriffhall Plans

49. NW, by W. Do. Do

50. N. 70° W. Dalkeith Pa. Farey Doubtful

51. W.NW. s.sw. 4 N. or crop Bannockrig

52. W.NW. s.sw. 5 Do. Do. 50 F. fr. 51

58. North East 40 Gilmerton

54. North East 60 Loanhead Ross

55. North East 16 Do. Do.

56. North East 30 Loanhead Ross

57. N. W. ? W. { S. 15 1 4 miles ? Edgehead
|

Cowan
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I. Table op Slips in Mid-Lothian and East-Lothian Coal-Fields—continued.

No.
on

Map.

Direction

Compass.

Side, on which
Strata are
downcast.

Number of
Fathoms, Strnta
are downcast.

Distance, to
which Slip
traced along
surface.

End, at which
Strata most
dislocated.

Width of Slip,

in Feet.

Place, through
or near which.
Slip runs.

Source of
information

General
Remarks.

58. N. 67° W. NN.E. 40 E. or crop Arniston Maxton 33 F.N. of Pit

69. West South 30 E. or crop. Do. Do 83F.N.ofPit

60. S. 75° W.
NW. at NE.

end. SE.atSW.
end.

4 or 5 feet
Monteith
houses

Do.

61. West N. 7 Barlej'dean Plans

62. W. 8° N. S. 7 Do. Do. 191 F. fr. 61

63. NW. SW. 6 feet Cousland Ainslie

64. w.sw. Do. Do.

65. sw. Do. Do.

66. N. 50 W. NE. 2i Monkton Adams

67. N. 50° W. NE. 2 Do. Do.

68. N?orN.byE? W.orWbyN. U 400 yds.-f S. or trough 3 or 4 Myles Moore

69.
N. 18° W. ?

orNW?
W. 18° S.

orSW.
33 400 yds.-f Huntlaw Henderson

70. Do. Do. 9 Do. N. or trough Do. Do.

71. N. 3* W. West If. 200 yds. N. or trough Do. Do.

72. N. 3° W West 3 400 yds. 4- S. or crop Do. Do.

73.
N. i W.

and S.SW.
Elphinstone Sherar

This slip is

crooked.

74. SW. NW. n N. or trough Preston Grieve

75. NW. SW. ii Do. Do. Do.

76. N. 70° W. W. 70° S. W. or crop Joppa Plans

77. North West 44 Birsley Moore 16F.E.ofl09

78. s.sw. E.SE. Harelaw Ross

79. S.SW. E.SE. Do. Do.

80. N.NW E.SE. 24 Do. Do.

81. N. 38° W. N. 38° E. 2i Whim Wright

82. N.85° W. N. 55° E.
At N. end 45

at S. 28 4 mile N. or crop ? Gilmerton Plans

83. N. 14" W. IS . 76° E.
At N. end 9

at S. end 27
S. or trough Do. Plans

84. N.NW. E.NE. 24 Cranston Foster

86. N. 26" W. N. 64° E.
AtW. endlS
at Midfiekl 7

W. or trough Midfield Plans

86. N. 26° W. N. 64° E. Monkton Plans
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I. Table op Slips in the Mid-Lothian and East-Lothian Goal-Fields—continued.

No.
on
Map.

Direction

Compass.

Side, on wliicli

Strata are
downcast.

Number of
Fathoms, Strata
are downcast.

Distance, to
which Slip
traced along
surface.

End, at which
Strata most
dislocated.

Width of Slip,

in feet.

Place, through
or near which,
Slip runs.

Source of
information.

General
Remarks.

87. N. 52° W. N. 38° E. Do. Do.

88. NW. by N. 14 Jerusalem

89. NW. NE. Salton

90. NW NE. Do.

91.
1

W. by S. N. by W. 1 West Wardie

92. N. 70° W. Somerside Plans

93. North West Cowden Love

94. N. 16° W. W. 16° S. 16 Do. Do.

95. N.NW. E.NE. 2 or 3 Dalkeith Pa.

96. sw. SE. 10 Stobhill ' Plans

97. S. 70° W. W. 20° N. A few feet Do. Do.

98.

99.

NW. .? NE. 80 N. or trough Bhnkbonny Gibson

NW..? SW. 30 Do. Do. Do.

100. NW. ? SW. 30 Do. Do. Do.

101. West? North 4 Bryants Miller

102.
N. 40° W.
&N.12°W.

N. 60° E.

N. 78° E.
1 Amiston Maxton

:

103. N. 10° W.? Pathhead Foster

104. N. 64° W. N. 26° E.
AtSheriffhall

Engine 10 1 mile
Scatters and
ends at NW. Sheriffhall Plans

105.

106.

N. 75° W. Monkton Plans

North East H Cowden Love

107. NW. NE. 4 Do. Do.

108.

109.

no.

111.

NW.by W. NE. Cowbridge

North West 4 or 6 feet Birsley Moore 16 F. fr. 77

WN.W. ss.w. 5 100 yards 10? Burdiehouse Torrance.

N. by W. E. by N. 60 -f-.? 50.? Do. Do.

112.

113.

114.

116.

W. by N. N. by E. 6 feet Barleydean Plans 130 F. fr. 62

W. 5° N. S. 5° W. 5 feet Do. Do. 2lF.fr. 112

N. 25°. W. N. 65° E. 10.? Carlops Doubtful

NW. NE. 10 feet Do.

116. NW. NE. 5 Do.

,17. W.NW. s.sw. Do. 1 Doubtful
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II. Number op the above Slips running in different Points of the Compass.

[Each of the points stated in this and the following Table, is meant to include an arc of 11|°.]

N. N. by W,
11°.

N.NW.
23°.

NW. by
N.

34°.

NW.
45°.

NW. by
W.
56°.

W.NW. W. by N.
1

W. W. by S.
911°. ir.

W.sw.
23°.

SW.by
W.
34°.

S^V.
4.5°.

SW.by

56°.

S.SW.
67°.

S. by W.
79'.

19 6 12 7 25 8 13 8 8 2 1 1 3 1 • 4 1

Slips running between N. and W := 98

N. andE =21

III. Direction towards which the above Slips Dip, and amount of Dislocation of the intersected

Strata, by these Slips, in Fathoms.

N. N. by W.
ir.

N.NW.
23°.

NW. by
N..
34°.

NW.
45°.

NW. by
W.
56^.

W.NW.
67°.

W. by N.
79°.

W.
90°.

W. by S.

11°.

W.SW.
23^.

SW.by
W.
34°.

SW.
45°.

SW by
S.
56°.

S.SW.
67°.

S. by W.
79°.

40+5+
40+4+
41+14+
7=1141

1 11 2+4=6
6+15+2
+3+2+
l+4if2
+1=361

15

3+8+33
+9=53 20

36+9+8
+5+7+
33+9+
1H30+
30=
1691

2

24+4+
+5+5=
161

15+10

+ 1=46

S. S. by E. S.SE. SE. by S. SE. SE.byE E.SE. E. by S. E. E. by N. E.NE. NE. by E. •NE. NE.byN. NN.E. N. by E.

30+7
=37

10 15
1 2i

i

50+1SI+

35+40+
60+30+
16+1=
242

52+ -27

+ 1 + 50
=80

4+5+1
+21+ 13

+3+10
=381

1+45=
46

9+1+6
+2+80
+H+H
+2+5 +
21= 111|

10+80+
+ 15+13
+ 1+1=
iiyi

30+ 10

+40=
80

1

Total sum of Fathoms thrown down towards points in quadrant between N. and W. . =z 123 No. of Slips, . 11

S. and E. . = 64i 5

More thrown down to North, 58^ Fathoms, . . 6 Slips.

Total sum of Fathoms thrown down towards points in quadrant between N. and E. . =i 738

i

No. of Slips, . 41

S. andW. . =3374 32

More thrown down to North, 401 Fathoms, ... 9 Slips.

Add from above, 584 6

More thrown down in North half of Compass, 4594 Fathoms, ... 15 .Slips.

Note.—It may excite surprise, that none of the " decided lines of fracture" described by Dr Hibbert in his paper on the
Burdiehouse Limestone, as traversing- the Mid-Lothian coal-field, are laid down on the Map accompanying this paper, or are
specified in the above Table. The truth is, I have not been able to discover any one of these alleged lines of*' fracture. I regret
this the more, on account of their being all described by Dr Hibbert as running in directions varying little from SW., and dif-

ferent therefore in this respect from the great proportion of the fractures existing in the district.

I may add, with reference to the mode in which the information regarding the Slips was obtained, that it was, in most in-

stances, derived either from plans of the coal-workings, or from the under-ground overseers, as mentioned in the Table. Where
there is no authority given in the Table, the statements rest on my own observation.

Since the first part of my Memoir was read and printed, I have acquired information regarding several slips of which I was
not then aware. These have been added to the Table. This addition creates a slight discrepancy between the Table and the
Memoir,—though, so far from invalidating the statements made in the text, it strongly confirms them.
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APPENDIX E.

It is true, that there is not below the Burdiehouse limestone, any calcareous deposit nearly so thick

as it. But it is a mistake to imagine, that there are no limestone strata whatever below it. In fact, there

are carboniferous strata, several hundred fathoms in thickness, and forming part of the Esk coal-basin,

which lie beneath the Burdiehouse limestone,—consisting of regular beds of sandstone, coal, shale, lime-

stone, &c. Even at Straiton Mill, distant about three-fourths of a mile from Burdiehouse limestone, these

calcareous and carboniferous strata may be seen,—and dipping in the same direction. As the strata are

there nearly on edge, it is obvious, that the number and thickness of the deposits between the two places

(which are situated from each other in nearly the direction of the dip and rise), must be very great. At

Straiton Mill, there are two beds of coal ;—one a cubical coal, about 2 feet thick,—the other a coarse

parrot coal 4 to 5 feet thick. The former has been worked. It runs through the south end of the village

of " Five-houses," situated on the Edinburgh and Loanhead road,—and is supposed to run near the south

side of Gracemount House.

At Straiton Mill also may be seen two strata of limestone,—in composition and texture very

similar to the Burdiehouse rock, filled with teeth, scales, and coprolites, similar to those discovered at

Burdiehouse. For a farther account of these,—see p. 353 hereof. At the place now referred to, some

of the sandstones are very coarse, and there is one bed of conglomerate, about 6 feet thick. This is an

indication of its being near the bottom of the basin.
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APPENDIX F.—P. 292.

Results of Experiments on a small scale of the Gas and Coke produced from

VARIOUS kinds of Parrot or Cannel Coal.

Description of Coal.
Weight of
each charge
of Coal.

Time re-

quired for
Distillation.

Produce of
Gas.

Proportion
of Gas pro-
duced per
Cwt.

Weight of
Colie pro-
duced.

Weight of
Ashes when
Coke con-
sumed.

Weight of
Combus-
tible Matter
in Coke.

Consump-
tion'in one
Hoiu: of a
Jet-flame
3 inches.

Average of two Charges of~j

J. and R. Aytoun's Coal V
(Fifeshire), .... J

Lb.

40

Hours.

24

Cubic Feet.

204

Cubic Feet.

599

Lb.

19^

Lb.

4

Lb.

151

Cubic Feet.

•65

Average of two Charges of Mr~l
Cuthbertson's Coal (East >
Lothian)j J

40 24 192 537 204 2! 171 •78

Average of two Charges of Mr~|
Marshall's Gilmerton Coal >
(Mid-Lothian), ... J

40 2k 219 613 204 24 18 •81

Average of two Charges of")

Halbeath Coal (Fifeshire), J
40 24 216 604 ^0 51 IM •72

Average of two Charges ofl
WemyssMethelCoal(Fife- V
shire), J

40 24 214 599 20i 6| 134 •76

Average of two Charges of Sir"!

Chas.Menteath's Coal from >

Mansfield (Dumfriesshire),}

40 24 240 672 204 24 18 •67

Average of three Charges ofl

Mr Mercer's Coal, from >
Dryden (Mid Lothian), J

40 24 216 604 19 lOi 8| •96

Average of two Charges of"\

Sir Chas. Mente&th's'ltough (

or CwWca/ Coal,from Mans- C
field, )

40 24 216 604 244 Si 21 i
•9

IVote.—The above experiments were made during the year 1837-8 in the premises of the Edinburgh Gas

Company, and I am indebted for the above statement of them to Mr Watson, the Manager.

Mr Watson remarked, that the illuminating power of the gas is estimated inversely, according to the quan-

tity indicated in the last column. But this is evidently a very uncertain test.

It appears that the results obtained in the manufacture of gas in large quantities, from any particular kind

of coal, seldom agree with the results of experiments (such as the above), conducted on a small scale. This

discrepancy arises chiefly from the great variation in the quality of the coals, though procured from the same

.seam, and out of the same pit. It is generally the best and purest specimens which are selected for experiments ;

so that there is necessarily less difference in the qualities of the coal experimented on, than there is in the im-

mense supplies furnished to the retorts. But even among the specimens of coal so selected, it is remarkable

how great a difierence there is in the constitution of the coal,—arising from the difi'erent proportions in which

its elements exist in the same seam.
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NOTES EXPLANATORY OF THE PLATES ILLUSTRATING THE FOREGOING

MEMOIR.

The Map on Plate XVII. is intended not merely to represent the extent of the Coal-field described

in the preceding Memoir, but also to indicate the nature o^ \\i& formations skirting the coal-field.

It should be borne in mind, however, that the strata of this coal-field reach beyond Haddington,

and therefore beyond the limits of the Map. It is chiefly the lower part of the series of strata com-

posing the coal-field, which exists so far to the east. The limestone that is worked or known there, cer-

tainly belongs to the lowest part, and the thin coal-seams which occur in Haddington, at Amisfield,

Coalston, Morham, and other places mentioned in the Memoir, are also lower members of the basin.

This extension of the coal-field reaches to the sea-coast between Dunbar and Dunglass.

It will be seen, that the part of the district occupied by carboniferous strata,—that is to say by

strata alternating with coal-seams and shales (which I look upon as constituting the coal-field proper,) is

coloured on the Map with a shade of indigo.

The Old Red Sandstone formation—consisting of red Clays, Sandstones, and Conglomerates, is indi-

cated by a red colour. It must not, however, be supposed, that this formation exists only at the spots

indicated on the Map. These are the places, where I have ascertained its existence,—and I was un-

willing to extend the colour to other places which I had not examined, however strongly I might con-

jecture that the formation existed there. As the object of the Memoir was chiefly to describe the coal-

field, and the manner in which its members—aqueous and igneous—were disposed, it seemed of less

consequence to be very precise as to the older formations, and that little more was necessary in illustra-

tion of this Memoir than to indicate their existence and situation.

It will be seen from the Map, that the greywacke rocks, both in the Lammermuir and in the Pent-

land hills, have received the same colour as that which represents the felspathic rocks. If the description

of these several rocks had formed any part of my Memoir, it would have been of course necessary,

though difficult, to distinguish them by separate colours. But as my object in representing at all on the

Map, any portion of the Lammermuir and Pentland range, was simply to point out the boundaries of

the coal-field, and the position of the rocks, which, by their degradation, had afforded, in some degree

at least, materials for some of its sedimentary strata, and which moreover had, in the opinions of some

geologists, been the means of elevating and dislocating them,—I considered it might be useful to indicate

the range of those hills, and the line of their nearest approximation to the coal-field. These objects

were sufficiently attained by using one colour to represent the hills, coupled with an intimation, that

it was by no means thereby intended to represent them as homogeneous, but as consisting of grey-

wacke and of felspar in various states. In one point of view, there is even a propriety for using one

and the same colour to represent these different rocks,—not merely because they form together one and

the same range of hills, but because they have, in my opinion, been raised at one and the same period.

I consider that the greywacke strata were burst through and elevated by great eruptions of felspathic

rocks. These eruptions must have taken place, probably about the same period, and apparently along

certain lines which run in a direction nearly east and west,—in many parts of the south of Scotland.

At most places, they brought up with them the deep-seated strata of the greywacke and silurian epochs.

VOL. XIV. PART I. Y y
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At other places, these strata have not been brought up, at least to the very surface. In proof of this

last remark, reference might be made to the Garlton Hills (marked on the Map), which I conceive to

be contemporaneous with the Pentland and Lammermuir hills, and among which no transition rocks are

to be seen.

No one can traverse the Lammermuir hills, without perceiving that at least one-third of the rocks

composing them are felspathic. The latter occur not merely in the form of dykes and veins, of great

width and extent,—but also of amorphous masses or hills. St Abb's Head consists of a coarse flesh-co-

loured felspar. At Fassney the felspar is associated with quartz and large scales of mica, forming a

regular granite. In the burn which flows over the northern brow of Soutra Hill from Laurie's Den

to Woodcot, enormous masses of sienite and granite may be seen mixed with the greywacke strata.

It is hardly necessary to say, that these strata in the Lammermuir, as in the Pentland range, are gene-

rally vertical, and that the direction of the strata is always east and west, or very nearly so,—circum-

stances which strongly support the inference suggested by the general direction of the hilly chain,

that the force, by whatever agent produced, which was the immediate cause of those felspathic eruptions,

acted in lines running nearly east and west.

The Basalt, Greenstone, and other augitic trap-rocks, are denoted on the Map by a green colour.

But it is right to mention, that, besides those so indicated, there are rocks of the same species among

the Pentland hills which it was unnecessary, and would have been very difficult, to have separately repre-

sented. Among the Pentland hills, as among the Lammermuir range, the greywacke strata occur, and

are most frequently nearly vertical.

Having thus spoken generally of the different formations or sets of rocks represented on the Map, I

proceed to offer a few remarks, in detail, with regard to each of these formations.

(1.) The Carboniferous formation.

The object I had in view, was to trace individual strata belonging to this formation, through the

district as far as they reached,—to lay down on the Map the outcrop of the most important of these

strata,—and to mark their variations of thickness. The strata whose outcrop I have laid down on the

Map, are merely coal-seams and limestone strata,—and on account of the very reduced scale of the Map,

I have been obliged to leave out many of these. The perfect accuracy of all the lines, I will not vouch

for ;—though it is proper to observe, that, in the original map, they were laid down from information

obtained on the spot, or from plans, with an examination of which I was occasionally favoured. But,

however accurately these lines may be mapped, every one must be aware that they must represent very

incorrectly the actual facts. Lines drawn on a horizontal plane, never can represent with truth the

circumstances which occur on an uneven and undulating surface. From this cause it happens that the

distances between the outcrops of the strata, as marked on the Map, particularly along the Roman Camp

ridge, cannot be in exact conformity with fact. Still, I believe, that the outcrop of the different seams, as

laid down, is in no case very distant from the truth :—where I was uncertain of the line of outcrop, dots

have been used instead of a thick line.

I ought to mention, that there is some uncertainty as to the identity of some of the coal-seams

which crop out on the outskirts of the coal-fields, comprehended between the east and south-west points.

These belong to the lower members of the basin, which, from being in those parts much reduced in

thickness, and consequently little worked and sought after, are not accurately known. It is possible,

therefore, that, on future examination, some of those lowest members of the series may have been found

to be wrong numbered.

I may extend these remarks to embrace the limestone strata which lie at the bottom of the basin

.

There are two or three such strata, and from their proximity to each other, it is very difficult to recog-

nise them. That there are two separate strata of limestone along the soutli part of the district, must be
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evident to any one who has gone over. I consider the one worked at Crichton Dean to correspond

with the Gilmerton limestone lying immediately below the North Greens coal. But I do not know

whether the limestone that lies below the Crichton Dean limestone, and which was formerly worked

near Woodcot and Fala, corresponds with any known seam beneath the Gilmerton limestone. This

lower limestone at Fala, and all the other places where it occurs, is a marine limestone, containing

Producta, Terebratula, Orthocera, and all the other shells common in marine limestones. Now the

next lowest limestone known on the north side of the district, is the Burdiehouse limestone, which

is supposed to be of fresh-water origin, and which certainly has many characters extremely different

from the other limestones of the district. Notwithstanding these differences, however, it is possible

that the Fala limestone and the Burdiehouse limestone may have been deposited at the same period,

and may actually form parts of one general deposit, which varies in character at different places on

account of local peculiarities. That the Burdiehouse limestone runs for at least half a mile, in a regular

stratum of uniform thickness, is certain,—for the old workings, to the south of Straiton village, were

pointed out to me. It therefore hardly deserves the character given to it by Dr Hibbert, of being a mere

local deposit of calcareous matter. But I do not go so far as to say, that this limestone forms part of a

stratum which reaches to the southern limits of the coal-field. I only maintain, that there is as yet no

evidence to the contrary, and that there are some circumstances which render this idea probable. The

mere fact, that at Burdiehouse there are in this stratum impressions of terrestrial vegetables, and re-

mains of fish and shells which, for anything yet known, may have lived in fresh or in salt water,—is no

reason why in a part of the sea, much more distant from the land, similar remains should not occur.

I may add, that Dr Hibbert was mistaken in imagining that he had discovered a marine limestone

at Moredun Mill older and lower than the Burdiehouse limestone. This Moredun Mill limestone forms,

in fact, part of the Gilmerton bed, which lies a long way above the Burdiehouse limestone. It will bfe

seen from the Map, that it fornis there an extraordinary loop, arising from its taking a counter dip.

Neither is it true that the Burdiehouse limestone is the lowest limestone in the district, or the

only one possessing vegetable exuviae and animal exuviae of ambiguous character. There are below it,

and at a great distance,—two other strata, in which I have found these remains in the greatest abundance.

These two strata are each from 1^ to 3 feet thick, and they are about 50 yards apart from each other.

They crop out at Straiton Mill,—about one-half of a mile from the Burdiehouse quarry. These two

strata, there is some reason to think, run all the way to Carlops, for 1 have seen two strata there, of much

the same thickness, containing the same fossils, and associated with coal-seams, similar in thickness and

character with those occurring at Straiton Mill.

I have mentioned that the carboniferous strata extend through East-Lothian, as far as the German

Ocean. I may add, that though the coal-field apparently terminates on the SW. limits of the district at

Coaley Burn, Whitfield, and the Bents,—carboniferous strata re-appear a few miles to the SW,, in

Peeblesshire, dipping the opposite way, and forming, as it were, the commencement of another basin.

2. The Old Red Sandstone Formation is the next in order marked on the Map. But 1 have scarcely

any observations of detail to make on it. This formation in many respects resembles the New Red

Sandstone ; and judging from its mineralogical appearance, and the entire absence of organic re-

mains, it might be easily confounded. In some place;^!, too, especially along the flanks of the Lam-

mermuirs, it is very horizontal,—a circumstance countenancing the above opinion ; and indeed, in seve-

ral places along that part of the district, there is no reason to suppose that the old red sandstone strata

have been elevated since their deposition. On the NW. side of the district, where this formation is in

contact with the east parts of the Pentland Hills, the case is different. Tliere they dip at considerable

angles. All difficulty and doubt, however, is obviated by the fact, that there red sandstone dips under
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the coal-measures, and that there are not in its conglomerates any rocks newer than the greywacke and

felspar of the hills, along the sides of which they are deposited.

I have often been perplexed with the question, from what source the great abundance of iron could

have been derived, which colours the sandstones and conglomerates that repose on the Lammermuir

Hills. Near Soutra, I discovered that the greywacke rocks with which these strata are in contact, are

reticulated with veins of red iron-ore or hematite ; and it is possible that this circumstance may suggest

a solution of the question. If the waters, shortly after these hills were raised by the igneous rocks,

were saturated near them with sedimentary matter derived from the greywacke rocks, the deposit would

have a red colour. In another place, on the south side of the Lammermuirs (near Cowdenknows in

Berwickshire), I observed the older rock,—a felspar rock,—also intersected with multitudes of red iron

veins,—in close proximity to the red sandstone formation.

This theory receives some countenance from the fact, that in Lyndale (near Carlops), the old red

sandstone strata are not red, but of a brown or dark yellow colour. The trappean claystone on which

they there rest, and from the disintegration of which they are derived,—contains no iron. The only metal

I have found in it is lead. The lead was worked formerly there to a considerable extent.

3. The Greywacke and Felspathic Rocks are next to be noticed.

It is a matter of doubt, whether the Lammermuir range has been elevated since the deposition of

the coal-strata. Generally speaking, I think they have not ;—though, at particular localities, as near

Dunglass in East-Lothian, and near Leadburn Toll, they probably have been elevated. Except at these

points, and there may be a few others,—I am inclined to hold, that the stratified rocks along the southern

parts of the district possess the slope which they received on their original deposition.

It is likewise a question attended with difficulty, to determine whether the Pentiand Hills were

elevated before or after the deposition of the carboniferous strata. The latter opinion is countenanced

by three facts, which are at first sight very decisive. One of them is, that these strata, along the south as

well as the north flanks of the Pentiand Hills, dip rapidly from the hills, at an angle which is never less

than 60°, and generally greater. Another fact is, that in many places near and among these hills, the old

red sandstone formation is found broken and interrupted, patches of it being found only here and there.

Besides all this, there are places where the stratified rocks, near the Pentiand Hills, are traversed by

dykes of trap, which are undoubtedly offsets from the great mass of igneous matter belonging to these

hills. An example of one of the coulees occurs at Heartside, near Carlops, where the new road was

lately cut. These are circumstances, clearly indicating elevation subsequent to the deposition of the

carboniferous strata.

On the other hand, we find that the old red sandstone conglomerate along the flanks of the Pent-

land Hills, contains fragments of some of the rocks composing these hills,—shewing, therefore, that certain

rocks at least forming part of these hills, were in existence, before the old red sandstone conglomerate was

formed ;—and of course before the carboniferous strata were deposited. It is important to observe, what

the rocks are which exist in the conglomerate, and what are the rocks not found in the conglomerate. I

have found abundance of greywacke, and of many varieties of felspar,—but never any specimens of basalt

or greenstone, though undoubtedly basalt and greenstone exist among the Pentiand Hills. The inference

from this is, that the conglomerate had been formed after the elevation of the greywacke and felspathic

rocks, but previous to the elevation of the augitic rocks. This inference is confirmed by an examination of

several localities near West Linton, where the stratified are seen in contact with the felspathic rocks.

Along the banks of the Tyne, the stratified rocks are resting on a yellow-coloured claystone, of igneous

origin. At Linton Bridge, they are horizontal ; and, though they acquire a dip approaching to 30°

about a mile farther up, they do not present any of the marks of having been elevated since their de-
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position. The nature and appearance of these slaty rocks, affords additional evidence of the same

fact. They have evidently been formed from the decomposition and detritus of the igneous rocks.

There is a quarry about a mile to the NE. of West Linton, where the nature of both kinds of rocks

can be very closely examined, and their junction distinctly seen. The igneous rocks consist of a brown-

ish-yellow claystone or felspar, which easily disintegrates. Upon it, lies a series of slaty strata, con-

sisting of claystones and sandstones, which slope away from the hill top (where the quarry is) at an angle

of about 8°, and they are in no degree indurated by the igneous rock on which they rest. It is impos-

sible then to doubt, that the greywacke and felspar in the Pentland Hills,—or at least in a considerable

part of them,—existed previous to the deposition of the carboniferous strata.

The only way of solving the difficulty, is by supposing, that there were two eruptions of trap in

that part of the district,—one previous to the deposition of the old red sandstone, and the other subse-

quent to the deposition jf the carboniferous strata. The first eruption would be of the felspathic rocks,-

which brought up with it the greywacke in this part of the district, as it did also along the Lammer-

muir range. During this first eruption, it is probable that there was neither greenstone nor basalt evolved,

as we do not And any pebbles of these rocks in the old red sandstone. We know, indeed, aliunde, that

the great proportion of these rocks in the district were not, in fact, erupted till after the deposition of

the cai'boniferous strata ;—so that it is extremely likely, that the whole of that class of igneous rocks

existing among the Pentlands, appeared only at this later epoch. It is to a certain extent a confirmation

of this opinion, that the part of the Pentland Hills where the stratified rocks are most highly inclined, is

towards the east, where Greenstone most abounds among them, and where they are in close vicinity to

Arthur's Seat, Craiglockhart, &c. If this inference be correct, then the two eruptions might be designat-

ed the Felspathic and the Augitic, being, as they are, characterized and distinguished by a difference

in the nature of the volcanic matter indicated by these names. In many parts of the Pentland Hills,

Greenstone and Basalt occur, in the form both of hills and of dykes. These dykes are seen traversing

the felspar and greywacke rocks,—as well as the old red sandstone and carboniferous formations ;

—

so that there can be no doubt, I think, that they must have given the Pentland Hills, especially in their

eastern parts, an additional upheave.

Whilst such is my own opinion, I am aware that it is not concurred in by several geologists who

liave examined the Pentland Hills with great care and assiduity. Mr Maclaren is about to publish a

geological account of these hills, which will probably contain ample materials for a satisfactory decision

of the above question.

The basalt and greenstone rocks are not nearly so abundant in the district as in other coal-fields.

The direction towards which the trap flowed seems to have been from Arthur Seat or its neighbourhood ;

—

for the dykes on the east side of it, all thin away in that direction,—whilst those on the opposite side

thin away to the west. The Niddry dyke terminates near Brunstain House. The Cock«nzie dyke

terminates in the field NE. of Lanridge. Between Red Coll and Lanridge, its thickness is only 50

feet.

The Sections on plates XV. and XVI. hardly require observation,—as the explanations already given,

in regard to the colours on the Map, are applicable equally to them. These sections are not entirely

imaginary. The position and direction of the slips,—the dip of the strata and their relative distances from

each other, with the points where they crop out to the surface, have all been laid down, according to the

fact. There may be some error in the relative distances of the strata from each other,—and also in the

identification of the lowest bed of limestone. But as the object was to give a general idea of the form

of the two basins, as they now exist, and of the manner in which the strata have been dislocated, these

possible errors seem immaterial.

The Sections on Plate XVII. are intended to exhibit a vertical section of the whole strata,—in the

district from top to bottom. They have been necessarily divided on the Plate, as it would have been
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inconvenient to have represented them all in one column. It will be seen, that in some parts these

sections are blank, and have no strata indicated on them. In these, the nature of the strata has not

been ascertained by me, and they are left to be filled up b^' future observers. Even as to the parts

which are filled up, it will not be supposed, that the strata marked are meant to afford more than an in-

dication of what generally exists in the district. This column has been constructed almost entirely from

information supplied by the tacksmen or the managers of the coal, in different parts of the district. It

may be proper to mention, that several of the terms employed by them, I have ventured to translate in-

to geological language :—as, for example, " blaes" I have translated " shale,—" freestone" I have

translated " sandstone,"— ^^ faikes" has been described as " slaty sandstone."

Since the foregoing Memoir and most of this appendix was thrown off, it has been resolved to

append hereto the coal and lime table, referred to on page 260 of the Memoir. It has been found possible

to reduce it to a smaller scale than was at first anticipated, and it was thought, that the Memoir

would be more complete by having it attached. It is accordingly now given on Plate XVIII. After

what has been said of this table both in the Memoir itself and in Appendix A, it is unnecessary to offer

here any explanations as to its objects, or the mode of its construction. I would only observe, in

regard to the names of places and persons at the top of the table, that the names of the former repre-

sent localities, where the strata are of the thickness and at the distance from each other, stated in the

same column below,—the one being stated in feet and inches, the other in fathoms and feet. The names

of persons indicate the individuals from whom the subjacent details were obtained, or by whose permis-

sion and assistance they were procured. Where there are no persons' names attached to the names of

places, the information was obtained from my own observation, or from individuals whose names were

unknown to me.

Perhaps I may be here permitted to mention, how readily every person connected with the district,

whom I applied to for information, not only communicated to me what they themselves knew, but gave

me access to any plans or reports in their possession likely to contain information. It is of conse-

quence, even in a scientific point of view, to mention this,— as it affords much encouragement to such as

are disposed to prosecute geological researches, to learn that those who are most able to assist them in

their difficulties and labours, are also the most willing to do so.
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XVII Results of Ohsei'vations made with WheweWs Anemometer'. ^^ Mr John

Rankine. Communicated hy Professor Fobbes.

. Read 24th December 1838.

The following observations of the direction and force of the wind, were made

with an anemometer lately invented by Professor Whewell of Cambridge.

In this instrument the only part that is fixed is a japanned cylinder, on

which the points of the compass are marked by black lines dividing it in its whole

length into compartments, corresponding to the spaces intervening between any

two double points. On this the other parts are supported by means of a strong

rod which runs down the centre of the cylinder, and, terminating in a sharp

point, turns easily round as the wind changes. A single broad vane, having the

rod running down the centre of the cylinder for its axis, presents to the wind a

fly resembling the sails of a wind-mill, and causes the moveable part of the in-

strument to revolve round the fixed cylinder as the wind changes ; so that the

aerial current, come from what quarter it may, blows against the circular disk

of the fly, and turns it with a velocity proportional to the force of the wind at

the time. The motion thus produced is diminished by two endless screws work-

ing in the circumference of toothed wheels. The axis of the second wheel is

continued downwards nearly to the foot of the cylinder, where it is supported

and turns in a collar connected by a graduated rod with the upper part of the

instrument. A pencil, attached to a nut, descends on the axis of this wheel, and

presses against the surface of the cylinder, tracing in its progress, and as the

vane wavers, a thick irregular line like the shadings on the coast of a map

:

the middle of this line is easily ascertained, and, from the compartment of the

cylinder on which the marks are made, shews to the eye at one view the average

direction of the wind, or, in other words, the point of the compass on either side

of which the wind continually oscillates. The length of the line is measured by

means of two indexes, which slide along the graduated rod connecting the upper

part of the instrument with the collar near the bottom of the cylinder. The de-

scent of the pencil, thus ascertained, is proportional to the velocity of the wind,

and the time dm-ing which it blows in one direction jointly. This gives what Mr
Whewell calls the Integral Effect of the wind, or the total amount of the aerial

current that passes over the instrument in any direction, dming the interval that

elapses between the recordings of its indications. The space through which the

VOL. XIV. PART II. Z Z
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pencil descends is proportional to the joint eifect of the velocity of the wind, and

the time during- which it blows from any one point of the compass ; but the ane-

mometer does not record what portion of the joint result each element has per-

formed. An increase of time or velocity would be indicated in the same manner,

but it is impossible to discover from the tracings of the pencil what share either

has had in the joint result ; the velocity may vary from interval to interval, and the

same current may continue for a longer or shorter time, but the instrument will

always give the sum of all the elements of the current, or, in other words, will

" integrate the velocity multiplied into the differential of the time."

The accuracy of this result, however, rests on the assumption, that the velo-

city of revolution of the fly is proportional to the velocity of the wind ; this has

not as yet been ascertained, but it seems exceedingly probable that a very near

approximation to such a result is given.

The importance of the kind of results given by this anemometer may be

estimated, if it is considered how imperfectly the phenomena of atmospheric

cmTents are observed, if the direction only be recorded, and that too by merely

reckoning the number of days that the wind blows from each point of the com-

pass. Such a method is quite fallacious, for, in point of effect, the gentle breeze

of one day is placed on a par with the storm of another. The general relations

which some suppose to exist between the mean annual du-ections at different

stations, must depend very materially on the quantity of fluid transfeiTed ; it is

plain, therefore, that unless instruments registering the/o?'c^ as well as the direc-

tion of the wind be employed, we may hope in vain to acquire sound data for

meteorological speculation.

This anemometer was erected on the roof of the University, about the middle

of November 1837, and its indications recorded up to the 1st of April 1838, except

for a few days whilst it was undergoing repairs. The First Table, at the end of

this paper, shews the register as kept during the months of December, January,

February, and March. The readings are in inches, tenths, and hundredths, on

the scale.

The method of obtaining the mean direction of the wind for any given time,

is to reduce the partial winds into their component parts N, E, S, W. The sum

of all the east winds taken, and subtracted from the west, gives the effective

west wind, and the sum of all the north winds taken, and subtracted from the

south, gives the effective south wind. By compounding the magnitude and pro-

portion of the two effective winds, you find the magnitude and direction of the

effective wind between west and south which belongs to the whole time. With

the view of obtaining the mean direction and magnitude for these four months,

the Second Table has been constructed : it presents the same observations reduced

from thirty-two, to the four cardinal, points, by means of certain multipliers, found

by considering each intermediate Point as the hypotenuse of a right-angled triangle,
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whose sides will necessarily represent the portion referrible to the two adjacent

cardinal points. Thus for reducing the intercardinal NE, SE, SW, NW, to the

cardinal points, the fraction j^ is used as the multiplier ; for reducing in a similar

12 4
manner the subordinate winds NNE, ENE, SSE, &c. jg and ^^ are used ; for the

no R R

oblique winds N^?, S^, E^, &;c. jr and — ; and for NEw, SEs, SWs, kc. ^ and

83
-- are used as multipliers.* In this reduction the days are resolved into periods

during which a certain group of neighbouring winds were prevalent.

The mode of registration employed renders it impossible to present in a gra-

phical form every successive change in the direction of the wind. At each

reading the amount was put down in the column corresponding to the direction

in which such a quantity of wind had passed over the anemometer, leaving out

of account altogether the order of succession : for instance, within the space of

twelve hours the wind may have blown from two or three points of the compass,

but we are unable to find, by a mere reference to the register, what direction was

first in the oi^der of time. It must be recollected, however, that this is not an

imperfection in the instrument, but merely in this particular mode of registering

its indications.

But though fit'om the register employed the minute changes cannot be pre-

sented in a graphical form, yet we may take the mean direction and magnitude

of certain groups of neighbouring winds, as found in the Second Table, and com-

pounding them, give in a continuous line the average dnection and magnitude

that belongs to the whole time of observation. This accordingly has been done,

and shews very remarkably the general features of the wind during last winter.

(See Plate XIX.) It will be remembered that the month of December was very

mild, with south and west winds, and though frost set in about the beginning

of January, SW winds still continued to prevail till the 8th ; a change then took

place and east winds prevailed, accompanied by severe frost, with little intermis-

sion, up to the 6th of March. All these changes are very distinctly shewn in the

line drawn in the way just stated ; in fact, the general character of the atmo-

spheric currents, and the severity or mildness of the season, is much more remark-

ably shewn than if every minute change in the direction had been traced out.

It would be interesting to compare the foregoing results with those of similar

instruments at other stations, but, so far as I am aware, the observations made

at Plymouth and Cambridge during the last winter have not been published.

* The notation Ne, Se, &c. denotes what is commonly represented by NbE, SbE, &c. ; and

NEw, SEs, &c. what is commonly represented by NEbN, SEbS, &c.
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SUMMARY.

Periods during which groups of neighbouring

Winds prevailed. N. E. S. W.

November 21. to December 4.

December 5. to 10.

December 11. to 16,

December 22. to January 8.

January 9. to February 7.

February 8. to 15.

February 16. to 24.

February 26. to March 6.

March 7. to 12.

March 23. to 26.

March 25. to April 1.

16.46

0.22

5.79

29.10

11.69

28.24

4.72

24.74

7.68

19..53

2.29

17.45

15.10

5.68

9.54

5.24

0.80 7.06

4.62

5.61

4.58

18.06

15.91 66.63 78.74

15.91

82.82

66.63

S = 62.83 W = 16.19
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XVIII.

—

On the Colour of Steam under certain circumstances. By James D.

Forbes, Esq., F.R.SS.L. &( Ed., Professor of Natural Philosophy in the Univer-

sity of Edinburgh.

Read 21st January 1839.

In the end of May, or beginning of June last, I happened to stand near a loco-

motive engine on the Greenwich Railway, which was discharging a vast quantity

of high-pressure steam by its safety-valve. I chanced to look at the sun through

the ascending column of vapour, and was struck by seeing it of a very deep

orange-red colour, exactly similar to that of dense smoke, or the colour imparted

to the sun when viewed through a common smoked glass.

I did not pay much attention to the fact at the moment, nor attempt to vary

the experiment ; but, reflecting on it afterwards, it seemed to me not only as in

itself very singular, but as still more extraordinary, because I had never heard

of a property of steam which must have been witnessed by thousands of per-

sons. Some months after (in the end of October), being on the Newcastle and

Carlisle Railway, T resolved to verify the fact, which I had no difficulty in doing,

and I farther discovered a very important modification of it. For some feet or

yards from the safety-valve at which the steam blows off, its colour for transmit-

ted light is the deep orange-red I have described.* At a greater distance, how-

ever, the steam being more fully condensed, the effect entirely ceases. Even at

moderate thicknesses, the steam-cloud is absolutely opake to the direct solar rays
;

the shadow it throws being as black as that of a dense body, and when the thick-

ness is very small, it is translucent, but absolutely colourless, just like thin clouds

passing over the sun, which have, indeed, a perfect analogy of structure. When
the steam is in this state, no indication of colour is perceptible in passing from the

thickness corresponding to translucency, to that which is absolutely opake.

Having made these observations, which were all that the circumstances enabled

me to accomplish, I was very anxious to verify them under steam of various

pressures, and to determine the following, amongst other points. (1.) Whether

steam, in its purely gaseous form, is really, as commonly supposed, colourless

;

(2.) Whether the colour depends on a stage in the process of condensation, and

on that alone ; (3.) What effect the tension of the steam has upon the phenomena.

But there was another inquiry which interested me much more than all these,

which was, to examine how the spectrum was affected by the absorbent action of

the steam, which appeared to leave the red and orange rays predominant. Judging

• The same may be observed, during the ordinary progress of tlie engine, in the steam thrown into

the chimney, but the presence of smoke renders the experiment less satisfactory.

VOL. XIV. PART II. 3 B
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from the phenomena of absorption of light by gaseous bodies, and especiaUy the

singular action of nitrous acid gas in dividing the spectrum into a vast num])er of

liands, discovered by Sir D. Brewster, I thought it by no means improbable that

steam, acting in a similar manner, might exercise its specific action upon the

prismatic colours at many points. Should this conjecture be confirmed, I also

foresaw an application to the phenomena of the atmosphere and the production

of the atmospheric lines of the solar spectrum, also remarked by Sir D. Brewster.

After various ineffectual attempts to obtain the requisite facilities, Mr Eding-

ton, of the Phoenix Iron Works at Glasgow, most kindW ]>ut at my disposition an

excellent high pressure boiler, and farther afforded me every facility for prosecu-

ting my experiments on the optical properties of steam. I first examined the

simple phenomena of colour as seen by the naked eye. A lantern * was held

behind a jet of steam, issuing from a stopcock in the top of the boiler, having a

bore of ^ inch. When the safety-valve (which acted with great promptness) was

loaded with 50 lb. on the inch, the steam issued nearly invisible, and, at the small

thickness of the jet in that part, perfectly colourless. As the light was raised,

the orange colour appeared at a height ofa few inches above the cock, and rapid-

ly deepened up to a height of about 20 inches ; after which it appeared that the

rapid condensation of the steam only rendered it more opake, without deepening

its hue. At that height, therefore, I resolved to transmit the light, and to ana-

lyze it by a prism. A theodolite, and good prism in front of the telescope, were

placed at a distance of about 25 feet in front of the boiler. Beyond the steam-

cock a lantern, with a lens refracting parallel rays, was adjusted, and between the

steam-cock and the prism a slit of variable width. Tlie light, reaching the prism

through the slit, must first pass through the column ofsteam at a height of about

20 inches from the orifice. To test the adjustment of the apparatus, and also

for the purpose of contrast, I had provided a bottle, about five inches diameter,

full of remarkably dense nitrous acid gas, which Mr Kemp was so good as to pre-

pare. When this was placed where the steam was to issue, the appearance of the

nitrous acid spectrum was magnificently displayed. I then removed the bottle,

and opened the steam-cock gradually (the pressure on the safety-valve being

55 lb. above the atmosphere, or the tension of the steam 4f atmospheres.) The

violet end of the spectrum was almost instantly absorbed, then the whole blue,

and part of the green, just as in the nitrous acid spectrum, but 7io lines mere

visible in the 7^emaining part. When the cock was fully opened, the spectrum ex-

hibited a singular appearance. The bright red was the only part which seemed

natural. The extreme red was sliglitly invaded by the opacity of the steam.

Most of the orange, the yellow, and as much of the green as was not absorbed,

had a dirty and disagreeable hue, which I described in a memorandum at the time

* The experiments were performed at night.
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as " dingy, alternating between yellow and purple, with shades of green. When
the steam had its highest pressure, there was a decidedly purple tinge." The

appearance to the naked eye of the slit was now identically the colour of the ni-

trous acid gas, through which I from time to time viewed a distant gas flame,

and compared it with the colour of the slit. The experiment was performed

under 50 and 55 lb. many times over. The light examined was then caused to

pass through the steam only 10 inches above the orifice of the stop-cock, under

the idea that though the colour there was fainter, possibly there might be a ten-

dency to develope lines in the spectrum. But the experiment being made under

the same pressure as before, the effect was similar, only much less intense : the

slit had now but a faint tawny colour, and prismatic analysis shewed the violet

alone absorbed. *

Steam blowing off at 25 lb. The lantern and slit 20 inches above orifice, as

at first. To the eye the light appears as red as under 551b. Mr Edington ob-

served, that the colour is deeper than that of the nitrous acid gas bottle. Neither

he nor his assistants ever observed the colour of steam before. Prismatic pheno-

mena as before, only the obscuration not quite so great.

Steam blowing off at 15 lb. " Evidently redder than the gas bottle. Same

phenomena of spectrum, but green remains pure throughout, and verges on

(bounds immediately with) orange. During the absorption of violet before va-

nishing (the steam-cock being gradually opened), it assumes a dirty white colour,

verging on yellow and purple." A common lamp was viewed through different

parts of the column of steam of this pressure, from the orifice up to a height of

five or six feet, and wherever it was not entirely obscured, it appeared of different

shades of smoke colour, up to an intense tawny orange.

With 7 lb. on the inch, still visibly red to the eye : prismatic phenomena

similar, but slighter.

With 4 lb., no longer visibly red to the eye, when arranged as above ; and

even with the prism the violet appears but little affected. When let off in large

quantity from the safety-valve, and a lamp viewed through it, there is a faint red-

ness close to the orifice, but every where above, the transition is from colourless

translucency to complete opacity. At about 2 and 1 lb., no colour can be detected.

From these experiments I would deduce the following conclusions

:

(1.) Steam in its purely gaseous form, is, as commonly supposed, colourless,

at least at small thicknesses.

(2.) The orange-red colour of steam, by transmitted light, appears to be due

to a particular stage of the condensing process. In the incipient state of conden-

sation, steam is colourless and transparent ; it is next transparent and smoke-

coloured ; finally it becomes colourless at small thicknesses, absolutely opake at

greater.
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(3.) The state of tension of the steam seems only to affect the phenomenon

in so far as it renders the critical colorific stage of condensation more or less

completely observable.

(4.) The absorptive action of steam on the spectrum is not exerted in the

same way as that of other gaseous coloured bodies, such as nitric acid gas and

iodine vapour. It cuts off, howevei', totally the same part of the spectrum as

nitrous acid does. Its phenomena perhaps have a greater analogy to those of

opalescence than any other.

The effect of mere change of mechanical structure in altering the optical

properties of bodies, is a phenomenon likely to give important information, both

as to the constitution of matter, and the constitution of light ; and the present

observation may perhaps be one day received as a contribution towards a mecha-

nical theory of vapour, including that most singular stage which intervenes be-

tween the gaseous and completely liquid form, and which is probably connected

with the mechanical suspension of clouds. It is at all events very important to

know that a portion of watery vapour confined in a close vessel, and subjected to

change of temperature alone, without chemical change, is capable of undergoing

the alterations of colour and transparency which have been adverted to. The

singular fact noticed by Sir D. Brewster in the case of nitrous acid gas, whose

colour deepens to an intense orange-red by the simple application of heat, seems

to be a fact of the same kind.

I cannot doubt that the colour of watery vapour under certain conditions, is

the principal or only cause of the red colour observed in clouds. The very fact

that that colour only appears in the presence of clouds, is a sufficient refutation

of the only explanation of the phenomena of sunset and sum'ise having the least

plausibility, given by optical writers. If the red light of the horizontal sky were

simply complementary to the blue of a pure atmosphere, the sun ought to set red

in the clearest weather, and then most of all. But experience shews that a lurid

sunrise or sunset is always accompanied by clouds, and in a great majority of

cases, when the changing state of previously transparent and colourless vapour

may be inferred from the succeeding rain. In like manner terrestrial lights seen

at a distance grow red and dim, when the atmosphere is filled with vapour soon

to be precipitated. Analogy applied to the preceding observations would cer-

tainly conduct to a solution of such appearances ; for I have remarked that the

existence of vapour of high tension is by no means essential to the production of

colour, though of course a proportionably greater thickness of the medium must

be employed to produce a similar effect when the elasticity is small.

Glasgow, IQth December 1838.
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XIX.

—

The Colours of the Atmosphere considered with reference to a 'previous

Paper " On the Colour of Steam under certain circumstances" ByZhMS& D.

Forbes, Esq. F. R. SS. L. 4" Ed., Professor cf Natural Philosophy in the

University of Edinburgh.

Read 4th February 1839.

In the following Paper, it is proposed to illustrate more fully the hint ex-

planatory of certain atmospheric colours, given in a notice of the remarkable red

hue of condensing steam, communicated on the 21st January. Since that time, I

have examined with care the principal authors who have adverted to the subject

of the colour of the sky generally, and of the redness of sunset in particular ; and

since, in the course of that research, I have found much to confirm, and little to

modify, the view which I have already taken of the subject, I hope that the pre-

sent Paper may be considered as a fit appendix to my former experimental notice.

It will be recollected that in it I stated the singular fact, that steam does not pass

at once from the state of invisible pellucid vapour to that of a misty white cloud,

such as issues from the spout of a tea-kettle ; but that an intermediate stage oc-

curs, in which it is coloured, even very highly, giving to transmitted light a hue

varying from tawny yellow up to intense smoke-red. I then observed, that, since

this phenomenon does not require steam of high tension for its production, it is

very probable that the tints of sunset and of artificial lights seen through certain

fogs, may be owing to the absorptive action of watery vapour in this critical

condition.

Eberhard, a writer of more than sixty years ago, states that the multitude

of opinions of authors on the colour of the sky alarmed him when he came to

analyze them ; and as, since his time, these have perhaps been doubled, some idea

may be formed of the labour required to collect and classify the scattered notices

which are to be found in special treatises, academical collections, and periodical

works, respecting it. The most copious references I have found amongst German

authors, but these I have, in almost every case, been able to verify by a reference

to the original authorities. The result has been a reduction to a few of those

authors who have added any thing of consequence to a subject which has rather

been one of opinion than of science, until lately ; and to still fewer of those who, by

any one original observation or experiment, have added a single mite to the data

for reasoning. The mass of copyists I may pass over in silence, or with little

notice, and thus I hope to be able to reduce into moderate compass the results of

a considerably tedious investigation.

It is impossible to advance any consistent theory about the colours of dawn,

VOL. XIV. PART II. 3 c
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sunset, and clouds generally, without including the fact of the blue colour of the

sky. The first notice I find quoted on the subject by way of explanation, is

Leonardo da Vinci's,* who attributed it to the mixture of the white solar light re-

flected from the matter of the atmosphere, with the intense darkness of the celes-

tial spaces beyond. This doctrine was also maintained by Fromond, and later by

De la Hire, Funk, Wolff, and Musschenbroek, after the Newtonian theory of co-

lours should have banished such reasonings from science. It was still later re-

vived, to the disgrace of modern physics, amongst the chromatic fancies of

Gothe.f Otto Guericke had nearly similar views.

The first trace of a more reasonable doctrine I find quoted from the writings

of HoNORATUs Fabri,:]: probably from his Optical Essays, published at Lyons in

1667, and which must, therefore, have been independent of Newton's observa-

tions. § In opposition to the doctrines of Froisiond, Fabri attributes the colour of

the sky to the reflection of light, by corpuscular particles floating in the atmo-

sphere ; and Mariotte, about the same time, seems boldly to have maintained that

the colour of air is blue.
||

Newton's thoughts on this subject are given, with his customary modesty,

rather in the form of suggestions than assertions ; and as many writers of the last

century have only reproduced his ideas with slight alterations, it is important to

observe his own exact statement of them. Newton's opinion respecting the co-

lours of natm-al bodies, whatever judgment we may form as to its universal ap-

plication, was singularly ingenious, and well worked out. He had discovered, in

the course of his memorable investigation on the colours of thin plates, that every

transparent body begins to reflect colours at a certain thickness ; that these vary

according to definite laws, as the thickness diminishes, passing through an im-

mense variety of compound tints, until at length it becomes so thin (as in the case

of the soap-bubble) as to be incapable of reflecting any colom* at aU : the last colour

it reflects being orange, yeUowish-white, and flnally blue, before they vanish

;

these are called colours of the first order. Now, on this subject, Newton says,

" The blue of the first order, though very faint and little, may possibly be the co-

lour of some substances ; and particularly the azure colour of the sky seems to be

of this order. For aU vapours, when they begin to condense and coagulate into

small parcels, become first of that bigness whereby such an azure must be re-

flected before they can constitute clouds of other colours. And so this being the

* Traite de la Peinture, quoted in Gehler's Worterbuch, art. Atmosphdre.

f Farbenlehre, i. 59, quoted by Humboldt. | Eberhard in Rozier, i. 620.

§ Fabri's Dialogues (1669), of which I have found a copy in the Advocates' Library, contain

many allusions to the imperfect transparency of the air, and the foreign particles mixed with it ; but

I do not find his theory of the blue colour clearly stated.

(1

" On peut croire qu'il y a des couleurs primitives dans quelques corps, comme du bleu dans I'air.

. .... 11 semble qu'il y ait du verd dans I'eau."

—

Mariotte, CEuvres, i. 299. Leide 17J7.
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first colour which vapours begin to reflect, it ought to be the colour of the finest

and most transparent skies in which vapours are not arrived to that grossness re-

quisite to reflect other colours, as we find it by experience."* In another propo-

sition, he says :
" If we consider the various phenomena of the atmosphere, we

may observe, that when vapours are first raised, they hinder not the transparency

of the air, being divided into parts too smaU to cause any reflection in their super-

ficies. But when, in order to compose drops of rain, they begin to coalesce and

constitute globules of all intermediate sizes, those globules, when they become of

a convenient size to reflect some colours, and transmit others, may constitute

clouds of various colours, according to their sizes ; and I see not what can be ra-

tionally conceived in so transparent a substance as water for the production of

these colours, besides the various sizes of its fluid and globular parcels."!

The theory of Newton, therefore, embraces the colour of clouds, whether by

reflected or transmitted light, as well as that of the blue sky. He applied a mo-

dification of the same theory to explain the coronce round the sun and moon. X

The air he seems to have believed to be devoid of colour, and the reflective parti-

cles to consist of vapour foreign to it.

The idea of Mariotte of the inherent quality of the sky to reflect blue light,

was next prominently stated by Bouguer, who farther put it in so palpable a form

as to have been generally quoted since as a complete explanation of aerial colours.
^

He observes, that as red light penetrates farther than blue (the reason is not men-

tioned), the latter is wholly reflected, whilst the former reaches the eye ; and this

theory was farther improved by later writers, by ascribing superior momentum to

the red rays, and inferior to the more refrangible ones. Smith, the author of the

System of Optics, states the same view, but with greater clearness. " The blue

colour of a clear sky," he says, "shews manifestly that the blue-making rays are

more copiously reflected from pure air than those of any other colour ; conse-

quently they are less copiously transmitted through it among the rest that come

from the sun, and so much the less as the tract of air through which they pass is

the longer. Hence the common colour of the sun and moon is whitest in the

meridian, and grows gradually more inclined to diluted yellow, orange, and red,

as they descend lower ; that is, as the rays are transmitted through a longer tract

of air ;"
|j
and so he explains the colour of the moon in eclipses by the altered

light refracted by the earth's atmosphere.

Next, Euler (1762) maintained the same opinion as to the blueness of the

sky. " It is more probable," he says, " that all the particles of the air should

have a faintly bluish cast, but so very faint as to be imperceptible, until presented

* Optics, Book ii. Part iii. Prop. vii. f Ibid. Prop, v. end. % Book ii. Part iv. Obs. 13.

§ Traite d'Optique, p. 365-368. He likewise explains the coloured shadows noticed by Buffon.

II
Smith's Optics, vol. ii. Remarks, 378.
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in a prodigious mass, such as the whole extent of the atmosphere, than that this

colour is to be ascribed to vapours floating in the air, which do not pertain to it.

In fact, the purer the air is, and the more purged from exhalation, the brighter is

the lustre of heaven's azure, which is a sufficient proof that we must look for the

reason of it in the nature of the j^roper particles of the air."*

The Abb^ Nollet (1764) attributes the blue colour of the sky to its reflect-

ing those rays ; but, strangely enough, he supposes, that, in order to convey that

tint to the eye, they must previously have come to the earth, been reflected by it,

and stopped in their second transit through the atmosphere. The colour of the

sun in a fog he attributes to the fog stopping the blue rays, at which time, he

says, the atmosphere must appear blue externally to an observer in the moon.f

A very clever but little known wi'iter, Mr Thomas Melvill, who died in

1753, aged twenty-seven, has left some interesting observations exactly to our

purpose, in a paper published in the second volume of the Edinburgh Physical

and Literary Essays.:]: Amongst other acute remarks on optical subjects, after

approving of Newton's theory of the blue colour of the sky, he objects to his ex-

planation of the tints of sunset, justly inquiring, " Why the'particles of the clouds

become just at that particular time, and never at any other, of such magnitude as

to separate these colours ; and why they are rarely, if ever, seen tinctured with

blue and green, as well as red, orange, and yellow?" "Much rather," he adds,

" since the atmosphere reflects a greater quantity of the blue and violet rays than

of the rest, the sun's light transmitted through it ought to draw towards orange-

yellow or red, especially when it passes through the greatest tract of air ; accord-

ingly, every one must have remarked that the sun's horizontal light is sometimes

so deeply tinctured, that objects directly illuminated by it appear of a high orange

or even red ; at that instant, is it any wonder that the colourless clouds reflect

the same rays in a more bright and lively manner." This he more fully illus-

trates, and then adds,—" Does it not greatly confirm this explication, that these

coloured clouds immediately resume that dark leaden hue which they receive from

the sky as soon as the sun's direct rays cease to strike upon them ? For if their

gaudy colours arose like those of the soap-huhhle, from the particular size of their

parts, they would preserve nearly the same colours, though much fainter when
illuminated only by the atmosphere. About the time of sunset, or a little after,

the lower part of the sky to some distance on each side from the place of his set-

ting seems to incline to a faint sea-green, by the mixture of his transmitted

beams, which are then yellowish, with ethereal blue ; at greater distances, this

faint green gradually changes into a reddish-brown, because the sun's rays, by

passing through more air, begin to incline to orange ; and on the opposite side of

* Euler's Letters (translation), ii. 507. f Nollet, Leqons de Physique, vi. 17. 1765.

X Page 81-89, &c. Edin. 1770.
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the hemisphere, the colour of the horizontal sky inclines sensibly to purple, be-

cause his transmitted light, which mixes with the azure, by passing through a

stiU greater length of air, becomes reddish." I have quoted this passage because,

so far as it goes, it explains with remarkable elegance the actually observed

phenomena, and because it exposes the insufficiency of the theory of iridescent

colours to explain the hues of sunset. The theory of vesicular vapour, or floating

bubbles of water as constituting clouds, was prevalent even at a far earlier period

than this. Leibnitz had supported it in the seventeenth century,* and had cal-

culated the rarity of the ethereal fluid with which they were supposed to be filled.

Kratzenstein (1740) had, by actual experiment on the colours which they re-

flected, attempted to estimate their thickness by direct measurement, to find their

diameter, f Saussure demonstrated the existence of bodies apparently so con-

stituted, in clouds themselves ; but I nowhere find that he has applied it to explain

their coloration on the principle which Melvill justly condemns in this pas-

sage. Saussure' s opinion of the blue colour of the sky was, so far as I can judge,

that of Mariotte and Bouguer,^ although he alludes very particularly to bluish

vapours as foreign matters floating in the upper regions of the sky, which he says

were decidedly not aqueous, since they did not affect the hygrometer. § He thinks

this may illustrate the obscure phenomena of dry fogs.
||

The memoir of Eberhard of Berlin on this subject,*^ contains nothing to

detain us. The author seems to coincide in the theory of Mariotte, and spends

much labour in refuting that of Da Vinci.

Delaval's elaborate Theory of the Colour of Bodies, we may also rapidly

dispose of. He adopts the idea of Fabri, that the foreign matters suspended in

the air become the means of reflecting blue light, and transmitting red, on the

same principle as arsenic dispersed through glass. This comparison to the ac-

knowledged phenomena of opalescence, is not unimportant. **

The greater part of the optical writers of the present century have closely

followed one or other of those already quoted. The writer of the article Optics

in the 4th edition of the Encyclopaedia Britannica, which was revised by Profes-

sor RoBisoN, gives, as an opinion which he considers new, that of Bouguer and

Melvill, with very little modification or addition. He assumes the greater mo-

* Opera Omnia, ii. p. ii. 82. Edit. 1768. " Cur vapores eleventur non spernenda qusestio est,

atque inter alia non male concipiuntur in illis bullae insensibiles ex pellicula aquas et aere incluso con-

stantes, quales sensus in liquoribus spumescentibus ostendit."

f Theorie de I'Elevation des Vapeurs et des Exhalaisons, &c. Bordeaux, 1740. Quoted in Saus

sure's Hygrometrie, § 202, and in Kamtz, Lehrbuch der Meteorologie, iii. 48. The diameter he made

j^Lg, and the thickness 55^55 inch.

J Voyages dans les Alpes, iv. § 2083. § Hygrometrie, § 355.

II
Hygrometrie, § 372. IT Rozier, Introduction, i. 618.

** Manchester Memoirs, Ist Series, ii. 214, &c.
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mentum of the red ray (deduced, I presume, from the Newtonian theory of re-

fraction), as the explanation of its greater transmissibility, and the reflection of

the blue, attributing the colours of sunset to the former, those of a pure atmo-

sphere to the latter. It would have been more correct, however, simply to as-

sume the blueness of the atmosphere for reflected, and its redness for transmitted

light, since we see in differently coloured media, that the assumed prerogative of

the red ray does not hold, being absorbed by a green or blue glass, whilst the

other rays persevere.

Humboldt gives no positive opinion upon the colours of the atmosphere, or

of water.*

It is singTilar that I have been unable to discover in Dr Young's various

writings very positive notices of his opinion on this subject, though it is pro-

bable that he coincided in general with the view last stated, f He seems to have

leaned strongly to Newton's theory of the colour of bodies, though he was not

insensible to its difficulties.

Sir John Leslie very explicitly adopts the theory of air reflecting blue light,

and transmitting orange, as a full and adequate solution of the colour of a pure

sky, and also of the tints of yellow, orange, red, and crimson, which characterize

the sun's light when near the horizon. ^ The important observation of Sir D.

Brewster,
||
that the blue light of the sky is polarized, and therefore has under-

gone reflection, is conclusive on that point, although the cause of the peculiari-

ties of the plane of polarization in different regions of the sky is" not easily ex-

plained.
§

Sir John Herschel coincides with Newton in considering the colour of the

sky as the blue of the first order, and as one of the most satisfactory applica-

tions of the Newtonian theory.^

But the author who, of all others I have met with, supports Bouguer's

theory of the colour of the sky with greatest fulness and ingenuity, is Brandes,

in the article Abendrothe (evening redness), in Gehler's Physikalisches Wor-

terbuch.** He maintains the colour of the sun, and surrounding clouds, at

sunset and sunrise, to be due soMt/ to the colour of pure air,—a doctrine

which he supports by many striking arguments. The presence of vapours, he

observes, is always indicated by a dull white, mixed with the azure of the

* See his Relation Historique, 8vo, ii. 116, &c.

f See his Nat. Phil. ii. 321. Compare pages 637, 638, 646, on Newton's Theory of the Colour

of Bodies.

J Encyclopaedia Britannica, art. Meteorology. The same theory is maintained in the article

Physical Geography by Dr Traill, just published.

II
On New Philosophical Instruments, p. 349.

§ Peclet, Traite de Physique, ii. 307. Brussels edit. ; Herschel on Light, art. 858, and Quetelet's

Supplement to the French translation.

t Essay on Light, art. 1143. ** Vol. i. p. 4. &g. 1825.
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sky, and the complementary colour of that white which should belong to the

transmitted ray can never be red. On the contrary, he says, the colour of

the sun seen directly through clouds, when on the meridian, is always white,

and the effect even of so strong a mist as to render his disc easily viewed

by the naked eye, is to give it the appearance of a silver plate.* The beauty

of the sunset, he further observes, is in exact proportion to the purity of the

atmospheric blue during the day ; and the only reason, he asserts, why the sun

appears to set red through vapours, is because his light is by them so much
diluted that the colour can be more distinctly perceived. The colour of ele-

vated clouds, at some distance from the horizon, he imputes (as Melvill had

done) to the great space of air which the light must traverse before it reaches

them, and, after doing so, before it falls on the eye. The green colours of the

sky he attributes, as Leslie and most other writers have done, to the reflected

blue light mixing with the transmitted orange. This theory was never so ably

handled.

A totally different hypothesis from any of the preceding, as regards the blue

of the sky, was about the same time started by Muncke. He asserts that this

hue is, what the German writers call purely subjective, that is, an ocular deception,

received by the eye on looking into vacant space, f This theory has been well

discussed by Brandes, but I think he has not succeeded in explaining Muncke's

fundamental experiment, which is this :—If the sky be viewed by one eye directly,

and by the other through a long blackened tube, the colour in the latter case

gradually seems to vanish. Now, the explanation of this optical difficulty is to

be found, I conceive, in the general fact first observed by Mr Smith, X, and which I

have verified in a great variety of cases, that when a white object is viewed at

once by both eyes, one shaded, and the other powerfully illuminated, though its

natural colour is undoubtedly white, it appears red to the shaded eye, and green

to the other. The shaded eye in Muncke's experiment, therefore, superimposes

a red impression (by the effect of contrast with the exposed eye) on the blue

which it sees, and being its complementary colour, or nearly so, it must tend to

diminish the blueness, and finally to produce white.

Berzelius adopts the view which considers the air itself coloured.
||

In the older writings of Sir David Brewster, we find the theory of

Bouguer maintained ^ ; but since he has been led to what we must con-

sider, for a majority of cases, a refutation of the Newtonian doctrine of the

* Gehler's Physikalisches Worterbuch, vol. i. p. 6, Note..

f Schweigger's Journal, xxx. 81 ; and article Atmosphdre in Gehler.

% Edin. Journal of Science, v. 52.

11
Lehrbuch der Chemie, Wohler's edit. 1825, i. 346.

§ Edin. Encyclopaedia, art. Optics, p. 620. Compare articles Atmosphere and Cyanometer.
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colours of bodies, he was naturally induced to view with doubt the composition

of the celestial blue, and especially of the colours of clouds. That the re-

flected and transmitted tints should be complementary, as Newton's theory

assigns, is well known to be rather the exception than rule in coloured bodies

generally ; and a very simple prismatic analysis, which it seems difi&cult to mis-

construe, proves that the composition of colours—the green of leaves, for in-

stance,—is widely different from that which the doctrine of thin plates would

infer.* " I have analyzed too," he says, " the blue light of the sky, to which

the Newtonian theory has been thought peculiarly applicable, but, instead of

finding it a blue of the first order, in which the extreme red and extreme

violet rays are deficient, while the rest of the spectrum was untouched, I found

that it was defective in rays adjacent to some of the fixed lines of Fraun-

HOFER, and that the absorptive action of our atmosphere widened, as it were,

these lines. Hence, it is obvious, that there are elements in our atmosphere

which exercise a specific action upon rays of definite refrangibility

I have obtained," he adds, " analogous results in analyzing the yellow, orange,

red, and purple Ught which is reflected from the clouds at sunset." f Such a

prismatic analysis as is here referred to, is even more satisfactory than in the

case of the juices of plants, because here the very reflected light itself is exa-

mined in the state it reaches the eye. I need hardly add, that this experiment

is not less conclusive against the subjective theory of Muncke, than against the

theory of thin plates of water of Newton and his followers.

FoRSTER, in his treatise on Atmospheric Phenomena, maintains the doctrines

of Melvill respecting the colour of clouds. " We observe," he says, " that

clouds of the same variety, having the same local or angular position with re-

spect to the sun, sometimes appear richly coloured, and at other times scarcely

coloured at all,—a circumstance which renders it questionable whether the co-

lour is from the cloud itself, or whether the cloud only reflects the light which

is coloured by refi-action in passing through the haze of the atmosphere in the

evening. The former is, however, probably the case ; for different clouds, in

nearly the same angular position with respect to the sun, shew different colours

at the same time." :j:

I must quote myself as having formerly adopted the theory of Bouguer,

with regard at least to the celestial blue. In one of a series of papers on the

Bay of Naples, published about ten years ago, I noticed the occurrence of a

strictly purple tinge (the poetic lumen purpureum), in a perfectly clear sky, which

I attributed to a part of the violet rays, mixed with the blue, finding their way to

* Life of Newton, p. 78. 1831. Ed. Trans, xii. 538.

t Ed. Trans, xii. 544. Compare Encyc. Brit, new Edition, art. Optics, p. 510.

X Researches about Atmospheric Phenomena, 3d edit., 1823, p. 86. The continuation of the

passage will be quoted further on.



PROFESSOR FORBES ON THE COLOURS OF THE ATMOSPHERE. 283

the eye. There is no question (notwithstanding the authority of Eustace*), that

Virgil's epithet was founded on the accurate observation of Nature. The fact

has also been observed by Humboldt and by Leslie,f

We now come to the theory of M. Leopold Nobili of Reggio, and which, after

what has been stated, may be very briefly expounded. In quoting M. Nobili's

speculations on this subject as new to me, I must observe, that they are contained

in a memoir ^ on a certain uniform scale of colours, for the use of artists, produced

by the elegant method of depositing thin layers of transparent substances on me-

tallic surfaces, by precipitation from solutions by means of galvanic decomposition.

This beautiful art of formingwhat Nobili calls his " Apparences Electro-chimiques,"

was first pointed out to me, as well as the papers describing it, b}'" Professor

NECKERof Geneva, as far back as the winter 1831-2, when some members of the

Society may recollect that I exhibited in this room specimens of Nobili's chromatic

scale, prepared by myself.
||

From an attentive comparison of the beautiful series

of tints, identical with those of thin plates, so produced, Nobili endeavours to as-

sign empirically, as Newton had done, the orders to which the colours of Nature

belong ; only, instead of cautiously proposing them as guesses, like his illustrious

predecessor, he assigns them, with a degree of confidence but ill sustained by the

now almost untenable character of Newton's theory of the colour of bodies. Many
of the remarks are very ingenious, but whenever he contradicts Newton, he seems,

I think, to fall into evident inaccuracy. The general question is one with which

we have now nothing to do, and therefore I confine myself only to the statements

which concern the present subject. Because he has banished the blue of the first

order, as having no existence, § he is forced to assign to the blue of a clear sky

* " In the splendour of" a Neapolitan firmament, we may seek in vain for that purple light so de-

lightful to our boyish fancy."

—

Tour in Italy.

t Encyclopaedia Biitannica, art. Meteorology.

X Bibliotheque Universelle(1830), torn. xliv. p. 337.—Translated in Taylor's Scientific Memoirs,

vol. i.

II
It is a curious circumstance, which I have never heard remarked, that Dr Prikstley in a great

measure anticipated the experiment of Nobili ; for, by successive electric discharges on the surface of

many kinds of metal, he produced rings identical with those of Newton Priestley, Phil. Trans.

1778. These colours were no doubt produced by the heat developed in the same way as those men-

tioned in one part of Nobili's paper. The explanation of these colours, by supposing with the philo-

sopher of Reggio (if I understand him aright), that they are produced by thin plates of adhering oxy-

gen gas, is too evidently founded in error to require any notice.

§ NoBiLi quotes Amici's authority in confirmation of this novel assertion, and also for the alleged

absence of green in the second order of colours. I think I can speak with much confidence as to the

existence of blue of the first order in the depolarized tints of mica plates : but the attempt to shew

(Bibl. Univ. xliv. p. 343 and 344, note), that there ought to be no blue, and that the first colour of

Newton's scale should be white, seems to me a failure, arising from a degree of misconception of first

principles which it is difficult to admit.

VOL. XIV. PART II. 3 E
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the character of the second order ; whilst he attributes the tints of flocculent

clouds, partially illuminated by the sun or moon, to the first order ; in other words,

he supposes the vesicular vapour of which he speaks, to have double the thick-

ness in an azure sky, than in the midst of a fog, whilst Newton expressly assigns

the blue of the first order to the air, because " it ought to be the colour of the

finest and most transparent skies in which vapours are not arrived at that gross-

ness requisite to reflect other colours, as we find it is by experience." This is only

one of the various contradictions into which the artist-like view of matching

colours by external resemblances, and assuming a common origin, has led the in-

genious author. The application of the colours reflected from vapours to measure

the thickness of the vesicles* was, we have seen, completely anticipated by

Kratzenstein, and the generality of the application disproved by Melvill half

a century ago, when he speaks of the theory of the " gaudy colours" of the clouds

arising, " like those of the soap bubble, from the particular size of their parts."

I have perused Nobili's Memoir with a most anxious wish to arrive at his true

meaning, disembarrassed of the somewhat poetical vagueness of his own expres-

sions, and the serious mistakes of his translator ; and I believe his view to be this

:

—There are both transmitted and reflected tints in the sky. The transmitted ones

are complementary to the blue of the sky, and therefore, acccording to Nobili, of

the second order, whilst all the fiery tints which particularly characterize sunset

as contrasted with the dawn, are colours of the first order reflected from the vesi-

cular vapours of clouds.

An ingenious paper by Count Xavier de Maistre on the colour of air and

water, appeared in the Bihliotheque Universelle for November 1832.f With regard

to the atmosphere, the author's theory is so far similar to that of Delaval, that

its colom- is to be ascribed to the peculiar state of the particles of water contained

in it acting on the principle of opalescence, the reflected light being blue and the

transmitted orange. He thence refers to the colours of sunset, and adds,—" But

it often happens that the colours are not observed, and the sun sets without pro-

ducing them. It is not, therefore, to the pure air alone that we must attribute

the opaline property of the atmosphere, but to the mixture of air and vapour in

a particular state, which produces an effect analogous to that of the powder of

calcined bones in opaline glass. Neither is it the quantity of water which the air

contains that occasions these colours, for when it is very humid, it is more trans-

lu the translation of the paper in Taylor's Scientific Memoirs, i. 99, by an oversight, the maxi-

mum thickness of the cloudy vesicles is stated at the ten-millionth of an inch, instead of ten millionths

of an inch, or a hundred times greater, as in the originaL There is even a slight mistake in the latter;

the tint he describes corresponding to plates of water, not of air, would require a thickness of seven

millionths.

t Translated in the Edin. New Phil. Journal, vol. xv.
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parent than it is in an opposite state, the distant mountains then appearing more

distinct,—a well known prognostic of rain, and the sun then sets without pro-

ducing colours ; in the fogs and vapours of the morning, the light of the sun is

white, but the red colour of the clouds at sunset is generally regarded as the fore-

runner of a fine day, because these colours are a proof of the dryness of the air,

which then contains nothing more than the particular disseminated vapours to

which it owes its opaline property." In this interesting passage we have, I am
persuaded, all that is known of the cause of atmospheric colours, with the single

want of the link which shall shew that watery vapour is sometimes capable of

absorbing all but red rays, and sometimes not.*

The late Mr Harvey of Plymouth, gives a minute analysis of the colours of

the clouds,! which he considers only explicable on the theory of absorption, which

ofl&ce he assigns to the particles of the clouds themselves, though he admits that

these often transmit pure white light, ' He is even ready to believe that the sun has

sometimes been observed blue or green, an observation which I think M. Arago

has rightly considered as an optical deception arising from the contrasted colour

of an intensely red sky, such as that which occurred in many parts of the world

on the occasion of the dry fog of 1831. ±

Brandes's theory of the evening red, is especially applicable to the rich purple

hue thrown over Mont Blanc and the higher Alps|| after the sun has set to the

plains, and that kind of redness is usually observed in cloudless skies, not like

the gorgeous colouring of our northern sunsets to which I particularly referred in

my former paper. In a communication read to the British Association in 1837,

M. DE LA Rive accounts ingeniously for a repetition of this phenomenon which is

sometimes observed 10 or 15 minutes after the first disappeared. This he plausi-

bly attributes to a total reflection undergone by the rays of light in the rarer

regions of the atmosphere when in a state of great humidity and transparency.
§

* Count Maistre explains the colour of the water by similar reasoning. He considers it blue for

reflected, and yellowish-orange for transmitted light, and the green colour of the sea and some lakes he

attributes to diffused particles which reflect a portion of the transmitted tint, and mingle with the blue.

This is well confirmed by Davy's Observations, (Salmonia, 3d edit. p. 317). Arago has very ingeni-

ously applied the same reasoning to the ocean, shewing that when calm it must be blue, but when ruffled,

the waves acting the part of prisms, refract to the eye some of the transmitted light from the interior,

and it then appears green, (Comptes Rendus, 23d July 1838.) Most authors have admitted the intrin-

sically blue or green colour of pure water, as Newton (Optics, b. i., part ii-, prop, x.), Mariotte (al-

ready quoted), and Euler : Humboldt seems doubtful, (Voyage, 8vo, ii. 133).

t Encyc. Metropolitana, art. Meteorology, p. 163, &c.

J Annuaire 1832, p. 248. Whilst this Paper is passing through the press, I have seen a notice by

M. Babinet (Comptes Rendus, 25th Feb. 1839), on the subject of the blue colour of the sun, which he

considers as real, and endeavours to explain by the theory of mixed plates.

II
Germ. " Gliihen der Alpen."

§ Seventh Report of British Association. Transactions of Sections, p. 10.
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Probably uiDon the principle of multiplied reflections, the cases of preternatu-

rally protracted twilights may be explained, such as those recorded by Kamtz*.
It is now time that we endeavour to sum up briefly the evidence we have

collected.

If we exclude the theory of Leonardo da Vinci and Gothe, attributing the

colour of the sky to a mixture of light and shade ; and that of Muncke, which

would make it a mere optical deception, we shall find the chief principles which

have been maintained, reduced to three.

(1.) That the colour of the sky is that reflected by pure air, and that all the

tints it displays are modifications of the reflected and transmitted light. This is

more or less completely the opinion of Mariotte, Bouguer, Euler, Leslie, and

Brandes.

(2.) That the colours of the sky are explicable by floating vapours acting as

thin plates do in reflecting and transmitting complementary colours. This was
Newton's theory which has been adopted in whole or in part by many later

writers, and especially by Nobili.

(3.) On the principle of opalescence and of specific absorption depending on the

nature and unknown constitution of floating particles. To this theory in its

various stages, we find Fabri, Melvill, Delaval, Count Maistre, and Sir D.

Brewster, attached.

These different views are so easily blended, and have often been so far misun-

derstood even by their supporters, that it is impossible to draw any definite line

between them. I will notice a few of the leading points of difficulty which pre-

sent themselves to some of these opinions, and tend to restrict the field of

inquiry.

1. The azure of the sky cannot, I think, with any probability, be referred to

the existence of those vesicular vapours which are supposed to act so important a

part in the mechanism of clouds. We have no evidence direct or indirect of their

existence, whenever the hygrometer is not affected, nor indeed where it does not

indicate absolute dampness. The atmosphere we know to be pre-eminently

transparent when loaded with uncondensed vapour. That vapour may be colour-

less, or it may not ; the presumption is, I think, that it has no colour, since the blue

of heaven is always most fully developed when the dryness of the air is intense

;

and that even at heights which render it in the last degree improbable that any

condensed vapour should exist at heights still greater. We are as ignorant of the

constitution of the parts of pure vapour, as we are of the parts of pure air : vesi-

cles are water, not vapour

;

—to speak of films capable of reflecting definite colours

when no mater exists in the air, or the hygrometer does not indicate absolute

dampness, is to speak (as Berkeley said of Fluxions) of the ghosts of departed

quantities.

* Lehrbuch der Meteorologie, iii. 38.
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2. Admitting that the blueness of the reflected light of the sky is an inherent

quaUty, of which we can give no account, we must next say that it is running

too fast to a solution to admit with Brandes that the red of evening is solely

caused by the colour of the air being complementary to its reflected tint. His

explanation of the variable redness of sunset, owing to the variable opacity of

white vapours allowing the redness to be more or less distinctly perceived, though

ingenious, is palpably wrong. The simplest experiments prove that the redness

is not merely apparent, but depends upon the admixture of the variable ingre-

dients of the atmosphere. The proof is the Prismatic Analysis of the sun's light,

and we may add, the observation of artificial lights in different states of the at-

mosphere, which at some times are seen in their natural condition, at others lose

all their rays but the red, and finally vanish in fogs with an intense red glare.

3. If fogs and clouds modify the solar light on the principle of reflecting the

rays they do not transmit, why do not such fogs and clouds appear vividly blue

by reflected light, as Nollet supposed a foggy atmosphere must do to a spectator

placed beyond it ?

4. If the vesicles constituting the clouds give to the colourless light falling upon

them the various hues of sunset, why, in the first place, do we not perceive bows

of various hues, as Kratzenstein did in operating on the small scale ; and how
comes it that clouds, identical in structure, nay the very same clouds, do not ex-

hibit sunset tints at any other time of day ? But the most convincing proof of

any, is simply to watch the progress of the solar rays tinging a cloud successively

with different hues, just as it would a lock of wool similarly placed ; or as it does

the snowy Alpine summits. Forster mentions an instance of detached cirro-

cumuli being of a fine golden-yellow, but in a single minute becoming deep red.

5. To these unanswerable difficulties the prismatic analysis of the blue and

sunset tints of the sky superadds one conclusive against the theory of Newton

as it at present stands. The reflected blue and transmitted red-orange are not

colours of thin plates. They are derived from all parts of the spectrum by the

mysterious process of transmission, which has preserved them and absorbed the

rest. It is hopeless at present to inquire what is the mechanical constitution of

the medium which has effected this alchemy.

One question, however, which is quite within our reach, remains to be an-

swered. The colours of the sky cannot indeed be explained, if by explanation we

mean an ultimate analysis of the mechanism producing them ; but the theory of

absorption is incomplete until we can shew in what part of the course of the rays

of light, and under what varying circumstances, the different phenomena of colour

may be produced. Hassenfratz observed, that the light of the horizontal sun

was deficient, when analyzed by the prism, in all the violet and blue rays.* Sir

D. Brewster, making a similar observation with more care, has detected a sped-

* Kamtz, Lehrbuch iil. 40.

VOL. XIV. PART II. 3 F
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'

fic action of the earth's atmosphere affecting every part of the spectrum by ab-

sorbing, or annihilating certain luminous rays of every colour. The analogy

which he has observed to exist between the deficient lines of the atmospheric

spectrum, and those of the common solar spectrum, (which Sir David supposes

to have been produced in the transit of light through the sun's atmosphere), and

those developed in artificial light by the absorptive action of nitrous acid gas, is

truly remarkable, and has led him farther to conclude, " that the same absorp-

tive elements exist" in all those media.* Now, since it is the strata of air

nearest to the earth whose efiect is chiefly conspicuous in producing the tints of

evening, it is to be presumed that the elements which produce this action, are

within reach of chemical analysis. The air, containing as it does the constituents

of nitrous acid gas, is naturally first looked to for their origin. But this supposi-

tion, even if it be true, for the atmospheric lines of the spectrum, cannot explain

the extraordinary variety of absorptive action observed in hazy weather, when, as

we have said, the atmosphere at a thickness of but a few miles suffers only the

red rays to pass ; a fact familiar to those who have attended to the subject of light-

house illumination, and in consequence of which crimson signal-lights were pro-

posed a few years ago for adoption in hazy weather by Sir John RoBisoN,f on ac-

count of the persistence of such rays in a foggy atmosphere. The absorptive ele-

ments are clearly within our reach ; can they be nitrous gas, or what are they ?

The experiment detailed in my last paper comes in to answer the question. Vapour

has hitherto been known (to philosophers at least) under but two characters,—

a

colourless gaseous body, and a translucent pm-e white mass of particles generally

called vesicular.
:t:

I have sheA\Ti that it passes through a third or intermediate

state, in which it is very transparent, but having a more or less intense colour

graduating through the very shades which nitrous acid gas assumes,—that is,

tawny yellow, orange, deep orange-red, intense smoke-red, verging on blackness.

I say that this discovery, to a great extent, supplies the gap which was wanting

to make the absorption theory intelligible. It is the " mixture of air and vapour in

a particular state," which Count Maistre supposed (see the passage quoted above),

but could not prove to exist. The threefold condition of vapour in the sky we

can now exhibit in a room ;—the pure elastic fluid devoid of colour, which gives

even to pure air its greatest transparency,—next, the transition state, when, still

invisible in form, and almost certainly not vesicular, it transmits a steady orange

glare, not the play of colour which is often seen in clouds and fogs forming a

glory round a radiant body ;—and lastly, the vesicular steam, such as we every

day see issuing from the spout of a tea-kettle reflecting iridescent colours, just as

the semi-opake clouds do which seem to float across the disk of the sun or moon.

" Ed. Trans, xii. 530. f P^iil- Mag. 1833.

\ See Robison's Works, ii. 2, &c.
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These coronse, notwithstanding their apparent analogy to the colours of thin plates,

seem rather to be due to the effect of diffraction.*

The non-appearance of the lines of the spectrum in my experiment, may be

plausibly explained in the following manner, which, however, I offer merely as a

conjecture. When steam of high pressure issues from an orifice, a horizontal

section of the expelled column will include vapour in ever}'" stage of condensation.

Its centre, up to a certain height, will be pure invisible steam ; at the exterior of

all, in contact with the cold air, there will manifestly be vesicular steam, and a

cylindrical space between the two will contain red steam. Now it is extremely

probable, that when the experiment is performed on the small scale, as I have

described it, by suffering light to pass through such a compound column, and

then analyzing it by the prism, enough of unabsorbed rays are reflected from the

highly luminous surface of the vesicular steam to prevent the fine lines from being

seen if they exist. And I am strongly confirmed in this conjecture by the fact,

that when the rush of steam is very violent, and always when much vesicular

vapour is present, the unabsorbed part of the spectrum presents a washy and

impure tint (particularly mentioned in my former paper), which probably arises

from a blending of the colours, produced by this cause.

In conclusion, I have only a word or two to say respecting the application

of these facts to atmospheric appearances regarded as prognostics of weather.

The modified hues of the sky, and of the sun and moon near the horizon, have,

for so many ages, and in so many countries, been regarded as the surest indica-

tions of atmospheric changes, that we cannot doubt that it is to the variety of

conditions in which vapour exists in the air, more or less nearly condensed, that

these phenomena are due. Humboldt describes the colour and form of the sun's

disc at setting in tropical regions, as the most infallible prognostic,! and else-

where ascribes these variations " to a particular state of the vesicular vapour." ^

Since the red steam occurs only during the critical stage of its partial condensation

(and perhaps conversely during evaporation), it is evident that it must corre-

spond to a critical state of diffused vapour of the atmosphere. The applications

might be very extended ; I will only advert to one, the surest, most consistent,

and probably the most ancient of such prognostics. The red evening and grey

morning as the signs of fine weather, are recorded in the verses of Aeatus,
||

in

the New Testament, § and in one of our most familiar proverbs. It is wholly in-

explicable on the theory of Brandes, which considers the redness as due solely to

the purity of the atmosphere, since that is usually greater in the morning than

the evening. According to my view it occurs thus : Soon after the maximum

"" See Young's article Chromatics, in Encyc. Brit., and Fraunhofer in Schumacher's Astrono-

mische Abhandlungen. Drittes Heft. 1825.

I Relation Historique, 8vo, ii. 128. J New Spain (translation), ii. 326.

II
Diosemeia, 93. Quoted by Kamtz. - § Matt. xvi. 2, 3.
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temperature of the day and before sunset, the surface of the ground, and likewise

the strata at different heights in the atmosphere, begin to lose heat by radiation.

This is the cause of the deposition of dew, and consequently in severe weather

we have vast tracts of air containing moisture in that critical state which pre-

cedes condensation, and yet it may be exceedingly doubted whether any vapour

properly called vesicular is necessarily formed in this process. Be that as it may,

every accurate observer of natm'e in alpine countries will conftrm me in stating,

that fine weather is almost invariably accompanied by the formation of dew on

exposed surfaces, and by the progressive depression of the moister strata, until at

length visible fogs are formed in the bottom of the vaUeys, and especially over

water.* This is the surest sign of a following fine day in mountainous regions.

Now Saussure in his ascent of Mont Blanc, " observed that the evening vapour

which tempered the sun's brightness, and half concealed the immense space he

had below him, formed the finest purple belt, encircling all the western horizon,

and as the vapour descended and became more dense, became narrower and of

a deeper colour, and at last of a Uood-red.''''\ Now this phenomenon corre-

sponds, I imagine, precisely to the development of colour which I have re-

marked in vapour in the act of being condensed, and De la Rive's remark, that

the nocturnal illumination of Mont Blanc takes place in serene evenings, when the

air is highly charged with moisture, is to the same purpose. But a remark of

Mr Forster, in his " Researches about Atmospheric Phenomena,"! is even more

pointed, and is valuable, because his work is pre-eminently descriptive, rather

than theoretical. " Sometimes the tints in the twilight haze come on so suddenly

and are so circumscribed, as to induce a belief that very sudden and partial

changes take place in the atmosphere at eventide ; which may perhaps he some-

how connected with theformation of dew" He then records an observation made

2d November 1822. " Being about four o'clock in the evening, near Croydon in

Surrey, I observed a very beautiful western sky, caused by the bright edge and

dependent fringes of a light bed of cloud being finely gilded by the setting sun.

Some detached cirrocumuli also, which formed the exterior boundaries of the

aforesaid cloud, were hkewise of a fine golden-yeUow, and the same colour ap-

peared in different clouds in other parts of the sky, while the scud-like remains of

the nimbus floated along in the west wind below. In the course of about a quar-

ter of an hour, the lofty gilded clouds all assumed a deep red appearance, and' the

change was effected so suddenly, that while looking at them, I only took my eyes

* For the reason why over water, see Davy's Paper, Phil. Trans. 1819.

f-
Quoted by Harvey in Encyc. Metrop. Meteorology, p. *166. The cause of the purple light

mentioned here, probably arises from a mixture of the reflected blue of the pure sky {which is always

present when purple is seen) with the yellow-orange, which condensing vapour first transmits. I do

not think it at all necessary to affirm, however, that pure air has no transmitted colour of its own.

X Third edit. p. 87.
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off them for a minute to stop down the tobacco in a pipe that I was smoking, and

when I looked up at them again, the colour was totally changed. Now, what

renders the phenomenon remarkable is, that it happened just about the period of

the vapour point. The descending sun had scarcely had time to make any great

difference in the angle of reflection, and it seemed therefore, that some sudden

change, produced by the first falling dew, was the cause of this simultaneous

change of colour in all the clouds then visible." I confess it seems to me that

this passage is nothing short of a demonstration of the truth of my theory of

Atmospheric Colour, the more interesting, because I was unacquainted with it

until after writing nearly the whole preceding part of this paper.

With regard to the Morning the case is very different. In fine weather the

strata near the surface of the earth alone, and in the lowest and most sheltered

spots, are in a state of absolute dampness. The vapom-s, which, during the re-

version of the process, might probably produce colour, are not elevated until the

action of the sun upon the earth's surface has continued long enough to impart

a sensible warmth, by which time the moment of sunrise is past, and the sun's

disc has risen above the horizontal vapours. It would be easy, by a more

lengthened discussion, to shew, that the slowly progressive transition of vast

masses of au" through the temperature of the dew-point, can only occur in serene

weather at sunset and not at sunrise. The inflamed appearance of the morning

sky, considered indicative of foul weather, is, I have no doubt, owing to such an

excess of humidity being present, that clouds are actually being formed by con-

densation in the upper regions, contrary to the direct tendency of the rising sun

to dissipate them, which must therefore be considered as indicating a speedy pre-

cipitation of rain.

Edinburgh^ ith February 1839.
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XX.

—

On FresneVs Formulce for the Intensity of Reflected and Refracted Light.

By Philip Kelland, M. A., late Fellow of Queen's College, Cambridge, Profes-

sor of Mathematics, Sfc, in the University of Edinburgh.

Read February 18. 1839.

INTRODUCTION.

It is well known, that when light is incident on a refracting surface, a por-

tion of it is reflected, whilst both the transmitted and the reflected light undergo

polarization. The obvious mode of accounting for this, is to attribute to the par-

ticles on whose motion light is supposed to depend, the property of transmitting

one class of vibrations more freely than another, limited, however, by the direc-

tion and mode of action of the adjacent particles. M. Fresnel, in order to deter-

mine the intensity of light reflected and refracted under different circumstances,

assumed that the density of the particles of ether is greater in refracting media

than in vacuo. By means of this assumption, and other subsidiary ones, he de-

duced formulae for the intensity of the reflected and refracted light, by means of

which the amount of polarization, as well as the change which the plane of pola-

rization undergoes, can be readily deduced. The obvious interpretation of the

formulae coincided precisely Avith discoveries which had been long known, and the

more difficult deductions from them have been tested by numerous experiments

of Sir David Brewster and others. It appears that, although for highly refrac-

tive media, they may be only approximations, yet, in most cases, they are so

close as to deserve the most careful attention of those who endeavour to establish

a correct mechanical theory.

M. Cauchy, in different memoirs, has laboured to deduce M. Fresnel's for-

mulae from the equations of motion, and, in one instance, from assumed condi-

tions of a nature not widely different from M. Fresnel's own. The fact that

these expressions had been deduced from the assumption of a greater density

within refracting media than without, appeared to throw a doubt over the truth

either of the molecular hypothesis, which seemed to require the reverse, or of the

formulae themselves.

Whilst M. Cauchy is tossed about with various and conflicting conclusions,

Mr M'CuLLAGH is led, by totally different considerations, to one of the most im-

portant of them, viz. that the vibrations which constitute light polarized in the

plane of incidence are vibrations effected in that plane, a result which is direct-

VOL. XIV. PART II. 3 H
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ly opposed to that of M. Fresnel. How these philosophers have succeeded in the

more complex case of crystalline reflexion, it concerns us not to inquire, until the

principles which guide their hypotheses shall be shewn to he sound and mecha-

nical.

It appears, however, that M. Cauchy has actually inferred, from mechanical

principles, that the vibrations of polarized light are the opposite to those assumed

by M. Fresnel. Of the amount of evidence which M. Cauchy adduces I am al-

together ignorant ; but it ought to be overpowering indeed to shake our faith in

an hypothesis which has so successfully overcome all difficulties, and brought the

apparently complex phenomena of double refraction to the level of common optics.

However this be, the matter is not yet set at rest, for a paper has just been

printed for the next part of the Cambridge Transactions, in which M. Fresnel's

hypothesis as to the direction of vibration is assumed to hold, and his formulae

corresponding to light polarized in the plane of incidence are established, whilst

an approximate demonstration is offfered for those corresponding to the perpendi-

cular plane.

My primary object in drawing up the present memoir has been to remove

from the molecular theory some difficulties in which Mr Green's researches seem

to involve it. As a preliminary step, I will therefore point out the most import-

ant of these, and endeavour to shew that the arguments which naturally arise

out of them are such as can be answered without compromising any of the prin-

ciples on which the molecular hypothesis is based. Having done this, I shall ap-

ply the equations of motion deduced from molecular forces, to shew that the for-

mulae result in the most satisfactory manner from the state which such forces

induce.

To effect my purpose of explaining the difficulties which Mr Green's memoir

opposes to the molecular theory, it will be requisite that I point out in few words

the nature and results of that theory.

Almost all mathematicians have admitted the idea of discrete molecules to

be philosophical ; but very few have attached any weight to the results to which

this hypothesis leads. Laplace, in his Mecanique Celeste, supposes the atoms of

matter to be permeated by the molecules of caloric ; but he assigns forces to the

molecules, which are conceived to diminish with great rapidity as the distance

from the molecule is increased, and actually to vanish at all appreciable distances.

By a similar hypothesis, in the same great worli, he solves the problem of Capil-

lary Attraction.

FoiesoN also, in his Memoir on the Equilibrium and Motion of Fluids, as well

as in his Capillary Attraction and Theory of Heat, conceives the particles to be

separated by finite intervals, and makes use of a force which results fi-om this

circumstance ; but neither he nor Laplace appears to have investigated the com-

plex arrangement of actions and their counteracting opposites, to which tliis force
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is due. This last investigation was reserved for M. Cauchy, who managed it with

great skill, in his Exercices de Mathematiques, vol. iii. p. 188, and vol. iv. p. 129.

In the fifth volume, M. Cauchy applied his results to the theory of light ; but his

success was not complete at first, owing to the circumstance that he had recourse

to the method of expansion so universally adopted in physical investigations. In

subsequent publications, however, M. Cauchy has solved the difficult problem of

obtaining a relation between the velocity of transmission and the length of the

wave. This very important result, which removed from the undulatory theory

almost the only obstacle to its being entitled to the designation of a true physical

theory, appeared in 1 830. Since that time M. Cauchy has published various me-

moirs on the reflexion of light, and on other points of the theory, in one of which

he has determined the law of force by which the particles act on one another to

be that of the inverse fourth power of the distance.

In a memoir of my own ( Transactions of the Cambridge Philosophical Society,

vol. vi. p. 1 53), another law is arrived at, viz. that of the inverse square of the

distance. This conclusion, agreeing as it does with the great law of gravitation,

and necessary, moreover, as it appears to be, from the very condition of attrac-

tion, I have retained in all my subsequent investigations. One important corol-

lary from it will be found in page 180 of the same memoir, viz. that the vibra-

tions are altogether transversal to the direction of a wave. This conclusion Pro-

fessor Lloyd has also obtained from Cauchy's law of the inverse fourth power.

His paper was read to the Royal Irish Academy. It would be too wide a field to

enter on the discoveries of Sir William Hamilton. Copious information on the

subject, together with a translation of M. Cauchy's most important memoir, wiU

be found in the pages of the Philosophical Magazine.

Nor is the arrangement and action of force thus assumed less in consistence

with statical than with dynamical truths. The great problem of cohesion, as

connected with expansion, &c., appeared to defy a law of force such as that of

the inverse square, until M. Mossotti, by a most skilful application of analysis,

removed the most glaring difficulties. The same subject has been "commenced

by myself in the Transactions of the Camhridge Philosophical Society, vol. vii,, in

which I have deduced results which demonstrate the possibility, or at least afford

argument for the probability, of the universality of the law of universal gravita-

tion. This, therefore, is the present state of the molecular theory : it coincides

with the great law of attraction, and is the extreme limit to that law ; it accounts

for the complicated phenomena of light, which defy more simple investigation,

at the same time that it requires the introduction of no modification into those

processes which are adequate to effect their purposes without its aid ; it demon-

strates the necessity of a circumstance which had previously been only suspected

to exist, the perfect transversality of vibration ; and, lastly, it promises an insight

into the perplexing phenomena of absorption. Having thus pointed out the na-



;]()({ PROFESSOR KELLAND ON FRESNEL'S FORMULA FOR THE

ture and results of the molecular hypothesis, I return to the examination of the

memoir, which appears in some points to argue against it.

Mr Green states, that two waves will result from giving a motion to a fluid,

such as that commonly supposed to he the medium the vibrations of which con-

stitute light, the one transversal and the other normal. On a careful examina-

tion of his memoir, I cannot discover this normal vibration ; the nearest approach

to it appears to result from the circumstance, that two waves, the incident and

the reflected, may be transmitted at the same time, and therefore cross each other.

If, then, in this case, the angle of incidence be an angle of 45°, one vibration may
be at right angles to the other ; but this circumstance does not in the slightest

degree militate against any conclusions which have been arrived at by the mole-

cular hypothesis. The coexistence of vibrations travelling in different directions,

is distinctly recognised in that theory. It may be well to state clearly, that the

point, and I think a most important one, which has been proved from the mole-

cular hypothesis, is this ; that 07ie wave cannot consist partly of normal, partly

of transversal vibrations. Of course, the definition of the wave restricts it to a

state of motion transmitted in one direction with one velocity.

There can be little doubt, however, that the normal vibration to which Mr
Green refers, is supposed to be contained in that function which he introduces

in the body of his memoir, as the result of the change of motion from an incident

and reflected to a refracted one. This vibration is, however, merely a vibrator}''

motion, not transmitted in the same direction as the incident ; and in the sequel

of the present memoir, it will appear that it is really and bond fide a transverse

vibration. Thus a statement, which at the first sight appears to argue powerful-

ly against the molecular theory, does, when attentively examined, afford strong

presumptive evidence in its favom-.

I have deemed it right to be explicit on this subject, as the admission of Mr
Green's statement, if it left hypotheses such as Laplace's as to the constitution

of media uninjured, would absolutely crush the more probable hypothesis of the

Newtonian law of gravitation applied to the ultimate atoms.

There is another point in Mr Green's paper which, although not so im-

portant as the one just noticed, will require an answer of a very different nature,

and ought consequently to be attended to. It is this : in order to obtain the law

which Fresnel has deduced for the intensity of light polarized in the plane of

incidence, it is found requisite to assume that the velocity of transmission varies

inversely as the square root of the density.

This overthrows, apparently, all the previous conclusions of the molecular

hypothesis ; for all its advocates, as far as I recollect, have come to the conclu-

sion that the density of the caloric within refracting media is less than it is in

TMCMO. But it is desirable that great caution should be exercised in judging of

this and like apparent oppositions. We have no very precise notion of the pro-
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per signification of density within a medium, nor, if we had, is it quite obvious

that the aggregate attraction of combined molecules should of necessity vary as

the density. It must be recollected that, in estimating the effect of forces result-

ing from molecules, the whole result consists of the sum of a large number of

terms, not diminishing in magnitude with the same rapidity in all cases. It does

not then follow, that the attraction varies as the density, nor even according to

any simple function of it.

But I do not stop here. Allowing the assumptions of Fresnel to be correct,

—and from the coincidence of Mr Green's conclusions with his, most persons will

be inclined to think them substantially so,—all the discrepancy between the

molecular hypothesis as viewed by M. Cauchy, and that deviation from it adopt-

ed by M. PoissoN and Mr Green, amounts to this, that one party (suppose the

former) have misinterpreted the formulae relative to the density of the particles.

I shall shew presently that the formulae themselves are not at all affected by the

apparent contradiction of conclusion, since the results of M. Fresnel may be

deduced as easily, and I think with as little assumption, by the molecular hypo-

thesis as by the other.

ANALYTICAL INVESTIGATION.

My object in the investigation which follows, is to deduce M. Fresnel's for-

mulae for the intensity of rays reflected at the common surface of two media, air

and glass, the incident rays being polarized. It will not be requisite in this place

to enter into a discussion of the results obtained by grouping particles. Suffice

it to say, that, by strict mathematical investigation, it can be shewn that the as-

sumption of Newton's law of force for the particles of the media surrounding the

material particles, gives rise to an expression of the following form, for the ag-

gregate attraction or repulsion of those particles which surround one particle of

matter

— aa l + aa
f = m.e

a"

a being the distance between two material particles. This expression is insensi-

ble at sensible distances, and consequently we may limit our summation in the

subsequent process to such distances. We will adopt the following notation.

The media being both perfectly symmetrical, and bounded by a plane sur-

face ; let that plane be called the plane of p z, the axis of z being parallel to the

line at which the front of the wave cuts the plane, and that of of the direction of

transmission. When the incident vibrations are polarized in the plane of inci-

dence, all the motion will be in a direction parallel to the axis of z.

Take x, y, z as the co-ordinates of any particle in a state of rest ; x,y,z+'y

vol. VIV. PART II. 81
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those of the same particle at the time t,

x+8x, 7/ + 8i/, z + 8 z, and z + Ss + Sy

the corresponding quantities for another particle in the upper medium

;

x + dx,, ^j + 8i/,, z + 8z„ z + Sz^+dy^

the co-ordinates of another particle in the lower medium at the same time.

When discussing the lower medium separately, we will adopt a;,,t/,, z^, y^ etc.

in all cases for which we use x, y, z, 7, etc. in the upper.

r is the distance between the two particles in a state of rest.

r + g their distance in a state of motion.

Let rfprhe the force on the particle under consideration, arising from another

particle at the distance 7\ If, however, it be thought requisite, we may consider

r (p r as the aggregate attraction of a group of particles about a material particle.

The law of force, whenever a law is wanted, will be assumed to be that of

Newton.

Let 7^, 8 X' etc. denote the distance, etc. of particles in one medium from those

in the other.

The notation 7/^ -s^ „j.s„ denotes the value which y, assumes when

x,+8x^, y^ + 8yj are written for x^ and y^.

Slight deviations from these arrangements will occasionally be made, which

will be pointed out when they occur.

SECTION I.

ON LIGHT, CONSISTING OF VIBRATIONS PERPENDICULAR TO THE PLANE OF INCIDENCE.

We shall adopt the following process : first, deduce the equations of motion

on the supposition that the force is insensible except at very small distances from

its origin, and then take the law of force, varying inversely as the square of the

distance. The object of the first process is the discovery of theform which the

results assume, to serve as a guide to the more complex calculations of the

second.

The two media will be supposed to be arranged in a perfectly symmetrical

manner, so that all terms which involve the odd powers of the distances of the

particles, will vanish when the sums of such terms are taken, extending through-

out the whole mass.

1. The expression for the force on the particle P, resolved parallel to the

axis of ;:;, is 2 (^ {r + §) {8z-v8y).

= 1 {(p r + (p' r . g) (8z + 8y)

= l((pr+^Ji 8z8y) {8z + 8y)

= 2{(pr.8z + i-L8z^8y + (pr.8y]
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Now ^'V=^^^+^^+-^^-l+--
h X being supposed small for those limits to which the force produces a sensible

effect. We conclude that

the S3rmbol 2 being supposed to extend to the sensible limits of the force ; but the

particle in each case not near the confines of the medium. -

It is clear that the term involving -p'^ oa vanishes, and the equations are

thereby simplified.

By the same process, we may obtain the equation of motion of a particle in

the upper medium, near the confines, to be the following

:

+ ^(*-4^^--)(S;^--0¥O <'>

the symbol now extending indefinitely on one side, but being bounded by the

common surface on the other.

Also. ^^ = ^ (^..^..^) (g.a.,.0i|i.9i|^)

If the particles last considered coincide in the bounding surface, the results

will be simplified, as we shall see presently.

(<b' r \ 8 x^
(pr + -—-dzn

-Y- in equation (1) be designated by n^, it is clear that

((f)' f \ 1/^

0r+ ^— ^02\ _^ is also equal to n^.

Denote 2 (^cpr, +^ BzA -^ the expression in equation (2) by n/

2 (^cj>r+^8z^^ 5a;in(3)byP

2 (0/ +-^ dz'^ 8a/= 2 (^cpr,+^8z,A 8 x, in equation (3) by P,
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then the four equations in order become

df \dj;^ df)

dt' ' Kdxj'^dyf)

d^y _n'^ /d^j d^y\ n? /d^y, d^y,\ ^dy ^dy,
dp 2\da^'^df)'^2\dxf^dyf) dx ' dx,

d^y,_n'^ (d^y d'y\ nf /d^y, d^y,\ ^dy dy,

df 2 \dx^ '^ df) '^
2 \dx;2 '^ dyf ) dx ' dx,

that last two equations requiring that x have the value o written for it.

2. Since a particle at the confines of the medium must be so acted on that it

is in equilibrium when 7=0, it is easy to perceive that

2(pr8x=— 2(f)i\d X, taken as in equation (3).

This must of course arise from the variation of density near the common surface.

On examining the expression, it will appear that, when expressed in language, it

is equivalent to the equalization of the sum of a series of terms of different values,

but of given dimensions. Now ^ dz^dx is o{ the same dimensions as the above

term ; hence we should expect that

r ^/

and . . P = -P,

3. The solution of equation (1) is

y=/(ax + by + ct) + F (—ax + by + ct)

the functionf corresponding to the incident, and F to the reflected wave ; that

of (2) is

T^/K^z +^ + '^O

=/Xa,x + hy + ct)

by writing x as the general symbol. Now Ave suppose the wave motion to con-

tinue unbroken, so that the equations (3) and (4) give the same results respec-

tively as (1) and (2).

If, then, we substitute the results already obtained, we shall satisfy the two

equations (3) and (4).

c-{/"(by + ct) + F"(by + ct)] =

^ (a' + b') {/" {by + ct) + F" (by + ct)}+ "^{a? + b^-) {/'/ (hy + c t)}

+ V {af {Iy + ct)-a¥' {b y + ct)- aj: {b y + ct)}

And the right hand side of equation (4) is the same as this. Let us now wi'ite /
forfXby + ct) and so on, then taking notice that by (1) and (2)
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c'^ rf- {a^ + h"")

we reduce the two equations to these

= \ (/" + F" +/") +
^^

{«/' -a W-a,f:\

or /"4-F"-/" = ?^(«/'-«F'-aX)
c

/"-F"-/"=^ (a/'-a F'-a,/')

whence /" + F"-/"=0

a/'-aF'-a,/'=0

which equations give

p„_ a— a,

.„_ 2 a -„

by differentiating the second and ehminating successively//' and F''.

4. Now if <p be the angle of incidence,

(p, that of refraction,

r= xcos (p + 'i/ sin (p is the space described in a given time without

the medium,
r,= a:, cos ^, + y, sin 0, within

;

and if \-\= -^-^ sin ^/) be the lengths of the waves respectively,

, cos (b , , sin
a= ^. ^

^ o=i.—~-
A A

_ , cos (p, sin ^ . sin cos (p,

' ' \ sin 0,
~ A sin (p,

Asin9, A

p„_ sin cos (p,— sin 0, cos (/) -„

sin (p cos 0,+ sin (p^ cos

_ sin (0-0,)
sin (0 + J

-^

2cos0_sin0,
•^'

sin (0 + 0,)
'•'

The notation F, &c. is the same as that used by Mr Gkeen, and the present page

is added merely to make the subject complete.

5. These are the results deduced, in a manner apparently widely different,

by M. Fresnel. That the results should coincide is not by any means a matter

VOL. XIV. PART II. 3 k
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of surprise, even supposing in both cases the argument fallacious ; for in all the

ways of establishing them the same grand assumption extends throughout the

whole, viz. that the particles at the common surface of the media have motions re-

sulting from, and conversely affecting, the motion without the latter medium, and

that these motions are regulated by the usual laws of the result of forces. Per-

haps I shall be better understood if I illustrate my meaning by giving the follow-

ing demonstration of the results in question.

A particle at the surface is acted on by three sets of forces, in the directions

respectively of the directions of incidence, reflection, and refraction : not that the

particle is urged in these directions, but is acted by a force which gives it a mo-

tion as much depending on the direction as though it were. We have then three

forces acting on the particle, and any one may be considered as the resultant of

the other two. If this be allowed, we know by the laws of mechanics, that each

force is in the proportion of the sine of the angle contained by the other two.

Let then I R and T denote the incident reflected and transmitted vibration ;

then ^ = ^^^^t^
A svnip + (p,

T sin 2 (^

I sin ^ + (p^

2 sin cos (p

sin (p + <p,

2 fx sin <p^ cos (p

sin (p + (p,

fj.
being the refractive index.

But when the motion actually takes place within the medium, the length of

the wave has to be diminished in the ratio -
: 1 ; if, then, we conceive the new

wave to remain similar to the old one, as we doubtless ought, we must diminish

the vibration in the same ratio : hence the value of the vibration within the me-

dium is

1 rp 1
J

2 sin cos (p

M M sin <p + (p,

J
2 sin (p,cos<p

sm(p-t
(f),

the same result as before.

This consideration, then, leads us to M. Fresnel's formulae.

6. Next let us adopt the molecular hypothesis, without having recourse to

the approximations mentioned in the introduction : then

df
= j(^.,+ ^a-)a7.
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and if we assume
'y= a cos [ex -\-fy + c #) + 5 cos {^

— ex \-fy \-ct-\-g)

7/= a, cos {e, x, +fy + c ^ + /*)

then ^7= a COS (ex-\-e8 x+fy + ct + f8y)—aco&ex+fy + ct

-\-b<ios( — ex—ebx +fy + ct+g +/d y) — b cos (— ex +/y + ct + g)

= —acos{ex+/y + ct) {1 — cose 8 x+/8y)
—asm{ex+/y + ct)sia(e8x+fdy) + etc.

Let e X +/y be abbreviated by p

ex-/y R

e^x+fg p.

and ^7= — acos^ + c^(l— cos^^) — asinp + c^sin ^^

— icos(—R + c^+^)(l — cos^R) + 6sm(— R + cif + ^)sin^R

= -I.2sm2-^ -R2sin«-^

\ d\ . ^ 1 c?R . s^T^
+ -^— smop + -j— smoR

e ax ^ e dx

denoting 7 by I + R.

Now the wave is similarly situated with respect to the line along which R is

measured, and that along which g is measured ; hence

^80 / , d)V cv A . . ^R
2(,^. + ^a.'^)sin!|£=2(0. +^" 8z^) sm^

which gives each of them=2"

For g'=-2 (0. + ^^.-)2sin^-|?-.7

&c. = &c.

The equation corresponding to (3j is

and 7, —'y—a,cos{e,x-]-e,8x+fy+f8yJrCt + h)

—a cos (e X +fy + ct)— h cos {— ex +fy + ct+g)

= 7,cos^p,H P-'sin^p,—

7
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J

' + 2

Similarly for the lower medium

'^= - ^7T^+2(*n +^a.;) sin Sp.lfT^

7. By substituting for-^ and -^^ their values, and caUing

2(0r + -^5s2)sm^'p =P

2 (0 r, + -*^-^ a 0/) sin ^ (), = P,

l{(Pr +^8z^) =Q
r

l{cpr,+ tlL8z,^) = Q^

we get -..7 = -^(7 + 7,) +^g^|'g- + Q,(7._7)

-<^7.= -^(7 + X) +? ^+5^1:!!-'+ Q (7-7,)^ ^ da: e, ax

0=i'(7-7,).?g^^S^.Q,(7,-7)

By means of these equations we obtain

«" (7- 7.) - Q + Q, 7^,= O

or (c'-Q-Q.)(7-X) = 0;

. , P(/7 P, ^7, -
And -T-^ +— T^ + Q-Q,(7-7)=

From the nature of the functions we cannot have c2= Q + Q,

,

••• 7-X=0
is the only mode of satisfying the first equation, and thus the second equation
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becomes
P^

+^^'=0 (A)
e dx e, dx '

We need hardly repeat that the latter hypothesis, by which equations (3) and (4)

are deduced and combined, is true only for the particular value .r = 0.

Now, even without retaining the restrictions imposed on the functions in

art. 2, we may shew, by the reasoning used there, that

P P. ^— +-=0
e e^

dy dj,

dx dx

two conditions which completely satisfy the equation (A)

Hence the final result is, that when x =

7=X
d'y _d'y,

dx dx

and the general values of 7 are already determined.

Thus the results above obtained, approximately in the case of particles whose

action is insensible at sensible distances, is proved true, without any wp-proxima-

Hons, by the reasoning we have employed.

SECTION IL

ON LIGHT CONSISTING OF VIBRATIONS IN THE PLANE OF INCIDENCE.

8. We shall assume that it has been demonstrated that light cannot consist

of vibrations partly transversal, partly normal, and shall consequently distinguish

strictly between a motion in the direction of transmission, and a vibration in that

direction.

At a distance from any break in the state of the molecules, one function will

be sufficient to represent the motion of a particle, since any motion not belonging

to the type of that function will be transmitted independently of it, and unaffected

by it, on the principle of the coexistence of vibrations. When, on the other hand,

the state of the particles in the immediate neighbourhood of that under conside-

ration is discontinuous, we cannot assume that a state of motion represented bj''

one type will have no influence on that which is represented by another. On the

contrary, we should expect, from the ordinary laws of fluids, that the particular

type of the wave itself should undergo a considerable change, and possibly anti-

cipate a reversion of some of the previous axioms by which our calculations were

guided. It will be necessary then to retain every term which enters into our ex-

pressions, except those only which disappear of themselves by the conditions of

symmetry.

VOL. XIV. PART II. 3 L
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Now, before we proceed to- apply analogous reasoning to the case of waves

whose vibrations take place in the plane of x y, it must be remarked, that, when

the motion arrives at the surface, a sudden change takes place. But this sudden

change, which occurs necessarily at the first instant the light falls on the surface,

will in all the future part of the motion materially affect, not only the vibrations

beyond the surface, but those also above it ; and the change which takes place is

nothing else than that of twisting a vibration which previously had been perpen-

dicular to the direction of motion, so as to cause it no longer to be so. Now, I

have she^Ti in the Transactions of the Cambridge Philosophical Society, vol. vi.

p. 180, that a motion perpendicular to the front of the wave cannot be transmit-

ted as a vibration along with the wave. The assumption that it can be so trans-

mitted gives rise to the result that the velocity is an impossible quantity. In

other words, some part of the expression which we assumed to be a function of

sines and cosines depends on possible, as sines and cosines do on impossible, ex-

ponentials.

To apply this conclusion to the case in question, we must observe, that, if

we reckon along the axis of y, whatever be the motion in question, its value must

be a reciprocating one ; and further, it is necessary that, whatever value it has for

one value of 3/ at a particular time, the same will it have for another value of y
at some other time : hence the function which expresses the motion must be a

circular function of j/ and t, but a possible exponential function of x. The motion

thus introduced will consequently be a vibration transmitted along the axis of y,

and consequently the direction of motion is parallel to the axis of x.

We proceed then to deduce the equations of motion of a particle situated near

the common sm-face of the media, on the hypothesis that the light consists of vi-

brations in the plane of incidence. As a preliminary step, partly for the purpose

of exhibiting the correctness of the method employed, I have deduced the equa-

tions of motion of a particle situated at such a distance from the surface that the

vibrations transmitted along the axis of x do not affect the forces. Afterwards I

have deduced the general equations corresponding to a particle situated at the

common surface.

T' H
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9. We adopt the following notation in addition to that already used

:

a, /3 are the motions parallel to x and ?/ of a particle in the upper medium.

a, 13, do. do. in the lower.

I, R, T are the incident reflected and refracted vibrations.

I^ and T/ the corresponding normal motions.

Occasionally Sai and 8?/ will be replaced by

8 of cos <^ + 8'if sin

^y cos <p— 8x'siD.<p

respectively, when combined with a function depending on the incident wave,

and by
8 a/' cos (p + 8^' siacp

8 x" sm<p~-8i/' cos cp

when combined with one which depends on the reflected wave.

From the values of ^^ and 8p, it is clear that the axis of x' is the line of

transmission at incidence, and that of a/' at reflexion. The values of I, R, are in

general not required, but for the purpose of fixing the ideas, they may be con-

ceived to be as follows :

1=0! cos (e X -vfy + ct)

R = bcos(—ex+/y + ct+g)

T = c cos (e^ X +fy \-ct + K)

\ =Ae-^^cos{fy + ct + n)

T = Ce-^''' codify + ct + h + n)

If it should be thought that these values belong only to a particular case, I

would remark that, from the linearity of our equations, the results which we de-

duce for one circular function, are equally true, mutatis mutandis, of a series of

such functions.

10. The values of «, /3, «„ /3,, deduced from the figure, are

:

a = I—R sin ^ + I^

i8 =(I + R)cos0

«, = Tsin0' + T,

iS, = T cos 0'

The equations of motion in the upper medium are

:

^ = 2 {(Pr +^(8x8a+8y8^)}8JT8a

= 2 (^(pr +^8xA 8a+2^8x8y8^

g = ,(cpr^^8f)8^^2i^8x8y8.
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The values thus substituted will, of course, have to be replaced by others, when

the particle under consideration is near the common surface of the media. And

but if we adopt the particular values of I^ R^ &c. which we may do since all

values have the same/orm, we have the following results :

^ I = a cos (e X +/^ + c t + e B x+f8y)— aco?>ex+fy + ct

= —aeos(ex+/y + ct)2sm^( ^^ ^ \ —asm(ex+/t/ + ct)sm(edx+/8y)

= —21 .sm2-—- + - — sinKa;'
2 e ax

if we denote e8 x +f8y by K x' instead of k g.

Let us in like manner assume

e 8x—f8y = Ka;"

e,8x+f8y ~Kx,^

then 8R=-2Rsm'-~+-^^smKa/'
2 e ax

a T= - 2 T sin^^ + 1^ sin K ^,
2 e, ax

8l=Ae-^''-^^''cos{/ij + ct + n+/8y)-Ae-^'' cosft^ + ct + v

= Ae-'"^|(e-^^^cos/^y-l)cos/^ + c« + »j-e-^^*sin/^ysin/y + ci +a

11. Now for a particle at a distance from the common surface 8 L and ^R, va-

nish ; in such cases the values of ^ « and 8 /3 are

^ . . f OT .
.K^ 1<^I

• T. «T. • oKx" 1<^R . ,, ^

a= sin (p \—2\. sin^—„— + --7-smKa7' + 2K sin^ —;,— — - -^— sm Ka/' [

8^=eos(p \ -2Isin2- - + --T-sinK^-2Rsm2-;^ + -^— smKir"}
^ M CL

X

Ji B (too }

By substituting these values in the equations in art., 10, and at once omitting

terms of the form i.M8x8y, we obtain

^"=2 {0*- +^ 5 a'^ cos "<'</) + ay sin 20 } X {sin0(-2Isin2-^)}

(k'

^

. , 'Kx" \

+ 2 |0r + -^-aa/'2 008*0 + ^^2 sin 20} |sin02Rsin2-^
|
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-2^-(^/2^^^'2)sin0cos0(-2Rcos0sin2^)

Now if the law of force be that of the inveree square of the distance,

(p'r 3S
fV\\>

.'. (pr + -— oa/^=S. ;

y.
+ r__ ^y2 j 2 sin2 -y- has been ab-eady designated (f

r" 2

but 2 sin2 -^r- ^-^— ^ =

.-. c2=2 S 2. z—^^ sm2 -^
r^ 2

^•5 2

and 2f0r + -^-^a/M sin2-^-2S2 ^ "^
, -^sm^-y-

= -2c«

hence by substitution we obtain

'a—= — c^ sin ^ I (sin^^— 2 cos ^(p) + c^ sin R (sin ^0— 2 cos ^(p)— 3c^ sin cos 20 I + 3 c^ sin cos ^(p R

= — c2 sin (^ I + c2 sin . R

= _c2(I-R)sin0

i^=-c^^

12. This result is obviously correct, and hence we may with confidence ap-

ply the same process to the more complicated case, that in which the quantities

I^ and R^ appear, and for which the equations of motion must be found, by taking

into account the forces which result from particles on both sides of the surface.

As a preliminary step, we will write down the values of 8a, 5/3, da, and 8^,

They are

VOL. XIV. PART II. 3 M
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8a=idl-8R)smcl) + 8l,

«T . . . Ka/ „„ . ^ . Ka/' dl 1 . ^ . ^^ dR 1 . ^ . ^^= —2Ism0sin2—s—l-2Ksxn©sm2 —^r— + -j- • - sm0 sin Ka/ 7— • - sin ffl sm K a/' \^2 ^ 2 dx e ^ dx e ^
j

\-I,(l-e cosfOy)+j--je sm/Oy

8^=idl + 8R)eos(p

=cosd) )-2Ism2 ——_ + ---_sinKa/-2Rsm^—jr— + --— sinKj/'l

5 a,= 5 T sin 0' + 5 T,

=sin (^' {c . cos (g, x,-\-8x, \-fy, + ^y, + c i H-^f)— c cos e, ir, +fy,+ c t+g}

= -2T sincp' sm^^ + ^-^sm(j>'smKaf'-TXl-e-'^'^'eos/dy) + ^je-''^'^%m/dy

5i8,= 5Tcos0'

= — 2 T cos ffi' sin^ —77—

I

J
— cos sin e.Ox^ 2 e^dx ^

^ . Kx" IdT ^, . ^^ „= — 2 T cos d)' sm2 -s- + - -r- cos 0' sm K x"

13. The equation of motion in the upper surface parallel to the axis of x is

^=^Ur^^8x^\ 8a+2'^8x8y8^
df \ r ) r "

+ 2 ^0/ +-^^^^) icc-a)+l^ 8af 81/ (^-^)

retaining the limitations to 2.

But 2 (<pr +^ 8xA 8a =

2 ((f)r+— 8af^ cos ^ + 81/^ sin ^<pj sixKpx j -21 sin^—^-H--^ sin K^c'j

.+ 2Ur + ^8x"^cos'cf> + 8z/''sm^(l>^ sin0x
J2
Rsin^^-^ ^sinKa^'j

+ 2 (0r + ^'*5^^) X \-l,.(l-e-"'''eos/8y)\

= -| sin <^ (sin 2<^- 2 cos 20) (I- R)

M . , _ „, ^ „_ /c?I (^R
H Sin

e
</>(sin2</>-2cos^<^) (^-^)-DI,
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(p'r
where M = 2 (0r +— 8f\ sinK of

1^ 8x8^8^=2^^(8 1/^-8 a/^) sin (peos^(f)X j-2Isin2-^ + - sinK.r'j

-
2^ • i8f'--8a;"') sin cos^^ x j

-2R sin^ ^' +
J^ sin K x"\

= -"2- sm cos 2<^ (I_R) + 3y sin (p cos ^0 (^^-^ j

By adding this term to that which we have just found, the sum is

<^ • ^/T Dx M . , /^I <^R\ ^^-2sm0(I-R) + -^ sm0(^--^) - D I.

^(4>^+^^8af^\(a'-a) =

2{<P^+^8af^) JTsin(^'+T.^^,^^^^,^-l3Rsin<^-l4

= 2 (</)/+ ^5a7'2^ j^Tsin0' + 5T,+ Tsin0' + T,-rrRsin0-I,j

0/+ -^ (5 ;r; cos (^'+5^2 sin 20') j sin0'x | -2Tsin2-^'+ - ^sinKa7,j

+ 2(0/+^a^) j-T,(l-.-'»'^^cos/ay) + ^^'.-'»'^%in/cfyj

= Q,(a-a)-^T sin 0' (sin ^0'_ 2 cos ^0') + — ;^ sin 0' (sin ^0'- 2 cos 20')- D, T,
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0'/

=—2" ^ ^^^r cos20' +—-i— sm 0' cos '0'

By adding this term to that just found, we get

W/(a,-a)-o A sind)' + ^— sin0'-D T

Hence

14. From this equation we obtain, by interchanging the quantities (I- R) sin 0,
T sin 0' &c.

-^= - 2 (I-I^ sin + T sin 0')

e ^ \dx dx ) e, ^ dx

-D,T-DI,

By subtraction

d^a d?a, _

= -(Q>+Q)(a-a.)

Now Q, + Q differs from e by a finite quantity: hence this equation can only be.

satisfied by making

d"^ a^ d^a

'd7~Tf^^

the second of which equations is a consequence of the first.

By adding the two equations we get

d^ a d^ a.

^+^'=-c2(I-Rsin0 + Tsin0')

+ (Q- Q.) («-«.)-- 2 D.I,- 2 D,T,

2M . , /dl dR\ 2M, dT
+ -— sin0

I V- - -7-
) -f- sm 0' -T-

e ^ \dx dx) e^ ^ dx
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Now the sum of the two quantities which constitute the first hne is

- c^ (I-R sin cp + T sin (p')- c^ (I, + T,)

And, from the nature of the functions, the last two hues of the above equation

cannot, when x^O, give any part of the quantity -c^(a + a), for the one involves

sines of the same quantities whose cosines constitute the other ; hence we must
have separately equal to the two following expressions, viz.

(c^-2J))I, + c'-2D,T (1)

M . ^ /dl dR\ M^ . ^ dT
^^d y^^^^U-^j+i;^^^^'^ • • . • (2)

The former equation gives l^ + T,=0, for D, and D are the same thing. Hence

a + «^= I— R sin ^ + T sin (^'

and —j^ = -c^ia + a)

as it ought to be.

On the second of the above equations we shall make some remarks after we
have deduced the equations for the motion parallel to the surface.

15. It would be rather difficult to write down the equation for /3 from the

equation for a, I shall therefore briefly deduce it.

Now 2 (<pr +^8i/A 8l3~

X i
— 2Isitf —^r— 4--T-smKa:'—2Rsin^—-— +- -3— smK.r"

I Z e aw 2 e ax )

= —^ cos

«

i0(I + R)(cos2^-2sin20) +— (^^ + j-^ cos (cos 2^- 2 sin 2<^)

Again, if we denote 2— d^d^e—'^^^smfS^ by F, we obtain

~— X Oy a= SH
r ^ 2

3M . , , ^ /dl dR\ F dJ,

2 ^-— d X 8 1/ d a= ——- sin'^cp cos <p (I + 'R)

+ sm 20 cos O)
( T~ + ^— ) + "> • 'J~

e '. ' \ax dx) j dy

by adding this term to the former we obtain

«' ^.T 15N
M ^ (dl dR\ Ydl,
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Again 2 ^0 r' + tjL §^2^ ^^^'^_^^

= Q. ((3/- /3)- H T cos 0' (cos ^(p' -2sin'(p')+-^-j-cos (p' (cos 20'- 2 sin *0')

and 2^'^^^y'(a;-a)=2^ 5a;'^y5a'

= — -^7- 1 cos 9 sm '&)' ^ p- smV cos -f -2; -7-^
2 ^ ^ e, ax ^ f d-V

Avhich being added to the previous term gives

QX/3/-^)-9 T COS (p' +—-^- cos 0' + -7^
<?T,

2 ^ e, dx f ^y

<P^ (?
Hence -^ = -^ (I + R cos + T cos 0')

+ Q.(/3,-/3)4--cos0 (_ +_) +-'cos0 ^
F d\, ¥, dT,

f d7j f dy

<^i8, c2

Similarly •^'= - 2 (I + R cos + T cos 0')

+ Q(8_^^) +_cos0(^ +-) +-cos0'_

^ fdy""f dy

16. By the same mode which we exhibited for a and a, we can shew that

and ••• ^=/3.

also ^ + ^--^^(^+^'>

2M ,/^I ^R\ 2M, .,d1
+ COS0(— + -Z-) + ^^^^ -JZ

e \dx ax J e, ax

2Y_d\ 2_¥,dT,

f dy f dy
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and since

from the nature of the case, it follows that

M ^ {dl dR\ M, dT— cos 01-7-+ "1—
) + COS q> -r-

e ' \dx ax/ e^ 'ax

¥ d\ ¥,dT, ^+ -?T- + -i-T-=0 (3)
f dy f dy

It only remains that we find the values of M, M^, F, F^, and substitute them

in the five equations

(I-R)sin0 + I, = Tsm0' + T,....(l)

(I + R)cos0 = Tcos0' (2)

I.+ T. = (3)

— smrf)(-T--:5— ) +— sin0'-^ = (4)
e ^ \dx ax ) e, ^ dx ^

and

M td\ ^\ M, ^^ F ^, F, ^, _
e ^\dx dx) e, ^' dx f dy^ f dy ~ ^

Now, we have already shewn that

M M, ^-+—=0
e e,

4

and in precisely the same manner it appears that

F F

17. By substituting in equation (4) of the last article, we deduce

cos (I'- R')- cos (^' T'= O

where F, R', T' are the differential coefficients of I, R, and T.

But if we differentiate (2), we obtain the same result ; hence equation (4) is

a result of (2), and cannot be employed in our calculation.

Now
cos (i) cos (h' a cos rf)' sin (b

A ' A A A sm <p' ^

simp
•'"" A

Hence equation (4) becomes

M (cos^ , P sin^^os^ ^ ) F ( s'n , sin <^ ^ | _

^

Ti~A~^^~^^~ Asin0' ^P7irA"^~~A"^'f-"



416 PROFESSOR KELLAND ON FRESNEL'S FORMULAE FOR THE

sm <p sm 9 /M

eF
~~fM '^^'^y means of (3).

Now }!L^i^(^^, + tS.S,/) sin Kir'

= — 2 r sin o. .... . of
e IT

and the quantities on the right hand sides of tliese two equations, are the co-

efficients respectively of terms which result from forces arising from a motion

perpendicular to that of transmission, but extending only half through the system.

There are, in fact, two terms arising from this cause, the one corresponding to the

vibratory motion each, and having its value & in both, and the other the term in

question.

Hence we conclude, that

M__F

Our equation (4) is by this means reduced to

??l!|!(I_K)-"-2i^'T=2I,
sin 9 sin 9

and (I-R)sin0= Tsin</)'-2I,by (1).

By addition

^ _. /COS^rf) .A m /cos^0' . ,A
<I-^Hs-i^ + ^-^)-T(s-hrf •^^^^^^j

(I-R)_ T
sin ~ sin 0'

or (I— R) sin0'= T sin0

and by (2) (I + R) cos </>= T cos 0'

.•.(I-R)sin2 0'=(T + R)sin2^

I(sin2 (j6'-sin2 0)=R (sin 2 0' + sin 2 0)

, sin 2 — sin 2 0'
""

sin 2 ^ + sin 2 0'

tan (p — (f>'

tan (p + (])'
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Again, by eliminating R, we obtain

I sin
(f)'

cos + 1 sin (p' cos = T sin cos + T sin 0' cos (p'

sin <p' cos (pT = 2.1.-
* sin cos (p + sin 0' cos (p'

, I sin (b'
cos(p < J~

= 21. -r, < . , cos . ,COS0 jsin0 -^+sm0'(

{.
, cos (p

sin —— sm 0'

,

^cos0 ^ '

. , cos . , ,sm —^, + sin
^cos0 ^ I

_ COS0 ( sin 2 — sin 2 0'

~ '008
0'

I

sin2 + sin2 0'

_ COS0 ( tan(0— 0')

~ '008 0'i tan + 0'

These are precisely Fresnel's results ; in fact, the equation (2) coiTcsponds

with his empirical formula.

In conclusion, I have only to observe, that some of the equations involve

what appears almost too accurate a substitution to be called an approximation,

but which may in some extreme cases give rise to considerable deviation from the

resulting formulae. It will not, however, repay us for the labour of entering into

the discussion of such points ; suffice it to say, that the more deviation a ray

suffers, the greater is the difference between the assumed and the real value of

some of the forces. Except, however, the deviation be very great indeed, they

cannot differ widely from each other.

EdinburgHj February 4. 1839.

VOL. XIV. PART II. 3





( 419 )

XXI.

—

On the Comjyosition of a New Writing-Ink, which, in i^esisting Chemical

Deletion, promises to diminish the chance of the Falsification of Bills, Deeds, and

other Documents. By Thomas Stewart Traill, M. D., F. R. S. Ed. Sfc, Pro-

fessor of Medical Jurisprudence in the University of Edinhurgh.

Reafl Monday, 19th February 1838.

The preparation of my Lectures on Medical Jurisprudence involved a consi-

deration of the means of diminishing the chances of successful forgery, and again

engaged me on a subject to which, many years ago, my attention had been very

painfully turned by the frequency of executions for that crime. This will scarcely

appear exaggeration, when it is stated, that, in the year 1809, there were no less

than thirteen executions for forgery in the county of Lancaster, where I then re-

sided : and when it is recollected that, in the fourteen years preceding 1819, two

hundred and four individuals perished on the scaffold for that offence in England

and Wales, every means of discouraging so fertile a source of misery and crime

must be allowed to be a subject of no trifling importance.

Many of those forgeries were no doubt counterfeits of Bank of England notes,

in which the effacing of writing-ink had no concern ; but Parliamentary returns

shew that, out of forty convictions for forgery throughout England in 1833, no

more than sixteen were connected with the Bank.

A Statistical Report, published in France in 1836, gave 292 as the number

of persons committed for forgery in that kingdom in 1831 ; while in Belgium there

were 39 ; in Spain 44 ; and in Britain 44. This gives, in proportion to the popu-

lation of each, for

Belgium, with n population equalling

France,

4,082,427,

32,960,584,

13,950,000,

20,721,350,

1 in 104,677

.... 112,877

Spain, .... 317,045

Britain, .... 470,990

On the Continent the crime is more frequently attempted by erasure of

writing-ink than in this country
;
yet the facilities which Chemistry affords of

falsifying deeds, and of deleting signatures engrossed with common ink, without

leaving a trace of the writing, has often in Britain also tempted to forgery.

Hence the discovery of a cheap and durable writing-ink, as one mode of diminish-

ing crime, and of protecting the interests of the public, has been considered as

meriting the attention both of the moralist and the legislator ; and has lately been

VOL. XIV. part II. , 3 P



420 PROFESSOR TRAILL ON THE COMPOSITION OF A NEW WRITING-INK.

the subject of a prize offered by the National Institute of France, which has not yet,

I believe, been awarded to any competitor.

The important interests involved lent an additional interest to the investiga-

tion, and engaged me in a long series of experiments, the results of which I beg

leave now to submit to the Royal Society of Edinburgh, as a body well fitted to

decide on the merits of my proposition ; and, should the discovery be deemed

worthy of that distinction, to communicate it to the public.

Before proceeding to the more immediate subject of this paper, it may not

be uninteresting to review the general results of my experimental investigations

on various substances, before I succeeded in forming a good durable writing-ink

;

and a knowledge of my previous failures may at least save the time of future in-

vestigators.

The substances which either wholly or nearly efface common writing-ink are

chiefly,

1. Solutions of chlorine I

2. Chloride of lime with a weak acid
|

3. Chloride of antimony r entirely.

4. Dilute nitro-muriatic acid I

5. Oxalic acid /

6. Diluted nitric acid I

7. ... sulphuric acid \ in a great measure.

8. ... hydrochloric acid

9. Solutions of potassa

10. ... of soda
J,

greatly impair its colour.

11. ... of ammonia

These substances, with the exception of pure soda, which acts just as potassa,

were tried on different inks ; and resistance to their effects, either when applied

singly or in succession, was considered as the criterion of the durability of the

ink.

Series I. Experiments with prepared Paper.

It was imagined that, by first impregnating unsized paper with substances

capable of affording deep coloured precipitates from metallic solutions, and then

sizing the paper, that the precipitate from a metallic ink might be so fixed in

the paper as to resist these chemical agents.

Unsized paper was therefore soaked in the following solutions :

A Infusion and tincture of galls.

B Prussian alkali, or ferro-cyanide of potassium.

C Common salt, or chloride of sodium.

D Phosphate of soda.

E Hydriodate of potassa, or iodide of potassium.

F Bichromate of potassa.
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The paper was dried, and afterwards sized in the usual manner. Characters

traced on A with sulphate of iron were black ; with sulphate of copper, were yel-

lowish-brown.

On B, with chloride of antimony, they were of a brilliant blue, which resisted

chlorine, but was effaced by ammonia ; with sulphate of iron, of a dark blue
;

with sulphate of copper, they were of a rich brown ; with nitrate of cobalt, of a

deep brown, which resisted alkalis, but was effaced by chlorine.

On C, with nitrate of silver, they quickly passed from white to brownish-

black.

On D, with nitrate of silver, they were of yellowish-green.

On E, with acetate of lead, they were of a lively yellow ; with bichloride of

mercury, of a bright crimson.

On F, with acetate of lead, they were of an intense yellow.

These methods afforded no protection against some of the chemical agents

;

nor did the reverse of the process prove of any utility. I since find that a me-

thod very similar was proposed to the French Institute, and found equally un-

availing.

Series II. Metallic Sulphurets.

Metallic sulphurets were totally discharged from paper by chlorine, and the

substances yielding it. No advantage was derived from precipitating the sulphu-

rets on the paper by sulphureted hydrogen.

Series III. Sulphurets mingled with Common Ink.

One proposition made to the French Institute, and vaunted as affording a

durable ink, is the mixture of sulphuret of lead with common ink. A repetition

of the process shewed the idea to be erroneous ; and mixtures of other metallic

sulphurets with that liquid were found to be equally useless.

Series IV. Sulphate of Indigo.

Sulphate of indigo has its colour destroyed by chlorine, and its above men-

tioned compounds ; but this sulphate, precipitated by carbonate of potassa or of

soda, when mixed with common ink, gave a blue fluid, which resists powerful

chemical agents better than common ink. This mixed ink, however, is very easily

effaced by chlorine. The precipitated colouring matter from sulphate of indigo

appears to be the basis of the blue inks, which are now much in use ; but I have

found none of them capable of resisting chlorine.

Series V. Iodides of the Metals.

None of the metallic iodides, when united with many different vehicles, af-

forded durable inks.
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On reviewing these experiments, it appeared,

1

.

That chlorine, and substances readily yielding it, such as chlorides of lime

and antimony, totally destroy the colours of all the metallic compounds tried,

except one—the beautiful blue precipitate obtained on adding chloride of anti-

mony of the shops to the prussian alkali. This substance remains unchanged

when precipitated on the prepared paper B, though immersed in chlorine, oxalic

acid, or in diluted sulphuric, nitric, and hydrochloric acids ; but it is instantly

destroyed by potassa and ammonia. The intensity of the colour of this sub-

stance, induced me to try it as a substitute for ultramarine in oil-painting ; but

though its hue be exceedingly brilliant when ground with oil, I fear that it is not

sufficiently permanent.

2. Oxalic acid totally effaces inks made of gallate of iron, of prussian blue,

of iodides of lead and mercuiy, of chromate of lead, and of sulphate of indigo ;

but ^vriting with this last fluid on some of the prepared papers was not wholly

discharged by it.

3. Chloride of antimony destroys or weakens all the metallic inks tried, ex-

cept the blue antimonial one ; but writing with sulphate of indigo on paper pre-

pared with hydriodate of potassa is not easily effaced by this agent.

4. The caustic alkalis weaken or destroy almost all the metallic inks, except

one—^the salt formed by adding nitrate of cobalt to the prussian alkali ; but this

ink is effaced by chlorine and the stronger acids.

Series VI. Mixtures of Salts of Antimony and of Cobalt.

The mixture of the two salts of antimony and cobalt, found to be most per-

sistent, seemed to promise success, and became the subject of many experiments.

The rich golden-yellow liquid formed by mixing nitrate of cobalt and chloride of

antimony soon becomes solid, and gives out nitro-muriatic acid. When gi-ound

up with gum-water, it formed an ink, which, applied to paper prepared with

prussian alkali, produces dark brown letters, which, though Aveakened in colour,

are not destroyed by the application of an acid or an alkali ; but soaking the

paper first in one, and then in the other, effaces the characters entirely.

In short, I found that none of the dark coloured salts of the metals, nor their

iodides, nor their sulphurets, were capable of withstanding all the chemical agents

tried : most of them were destructible by a single agent, and none of them were

capable of resisting two applied in succession. I was therefore constrained to

turn my attention to inks with a basis of carbon.

The ^sXav of the Greeks, and the atramentum of the Romans, was employed

to denote not only writing-ink, but various carbonaceous substances used as pig-

ments. The ancient writing-ink, as exhibited in the Herculaneum MSS., in Egyp-

tian MSS. found in mummy cases, and other ancient papyri, by its qualities may

be proved to be carbonaceous ; even had we not the direct testimony of Vitruvius,
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Pliny, and Dioscorides. Vitruvius describes particularly the mode of making

the carbonaceous matter, by a process very similar to that which we employ for

the manufacture of lamp-black. A furnace was prepared, having flues opening

into a condensing chamber ; resin was burnt in the furnace, and the smoke was

carefully condensed in the chamber : this material, mixed with gum, was the

writing-atramentum employed by the Romans.* Pliny gives a similar, though

less minute account ; f and Dioscorides expressly informs us that the i^ikw) used

in writing was formed of soot of torches or of resin, mixed with one part of gum

for every three parts of the carbon.:]: A finer sort of ink, he says, was manufac-

* The atramentum described by Vitruvius, Pliny, and Dioscorides, was employed both as

writing-ink and as a pigment. The account of Vitruvius is as follows

:

" Ingrediar nunc ad ea, quae ex aliis generibus tractationum temperaturis commutata respiciunt

colorum proprietates : et primum exponam de atramento, cujus usus in operibus magnas habet neces-

sitates, ut sint notse, quemadmodum prgeparentur certis nationibus artificiorum ad id temperaturae

.

Namque sedificatur locus uti Laconicum, et expolitur marmore subtiliter, et laevigatur. Ante id fit For-

nacula, habens in Laconicum nares, et ejus prsefurnium magna diligentia comprimitur, ne flamma extra

dissipetur : in fornace resina collocatur. Hanc autem ignis potestas urendo cogit emittere per nares

intra Laconicum fuliginem, quae circa parietem, et cameri curvaturam adhserescit, inde coUecta passim

componitur ex gummi subacto ad usum atramenti Librarii : reliqua tectores glutinum admiscentes in

parietibus utuntur. Sin autem eae copise non fuerint paratse, ita necessitatibus erint administrandum,

ne expectatione morse res retineantur. Sarmenta aut tedse schidiae comburantur ; cum erunt carbones,

extinguantur. Deinde in mortario cum glutino tereantur, ita erit atramentum tectoribus non invenustum.

Non minus si fsex vini arefacta, et cocta in fornace fuerit, et ea contrita cum glutino in opere inducetur,

per quam atramenti suavem efficiet colorem ; et quo magis ex meliore vino parabitur, non modo atra-

menti, sed etiam Indict colorem dabit imitari." Lib. vii. chap. x. Ex ed. Venet. folio, 1567, cum

commentario Danielis Barbati, p. 246.

The Laconicum means a species of condensing chamber, of an hemispherical shape, placed near the

furnace, for receiving and condensing the smoke. Atramentum Librarii et Scriptorum is writing-ink.

Gluten, or glue, was prepared from the ears or genitals of bulls in ancient times. Indicum, perhaps indigo.

I Pliny is very explicit on this subject

:

" Fit enim et fuligine pluribus modis, resina vel pice exustis. Propter quod officinas etiam sedifi-

care, fumum non emittentes." " Adulteratur Fornacum Balnearumque fuligine quo ad volumina

scribenda utuntur."

X Dioscorides, in the last chapter of Lib. v. «§< 't>i»ij 'l««Tg<z»);, describes the composition of ink,

and gives the proportions of the ingredients

:

" The ink with which we write is compounded of the soot of torches. For every three ounces of

soot, one of gum is to be added. It is also made from the soot of resin, and also from the material

called painters' black {kxi Tm Tr^eu^vijuiviji ^ay^mptxiiq Air/SoXng). Of this black it is proper to take one

mina, half a litra of gum, of ox glue and ofJlosferri (x,x>ix-xv6ov) each half an ounce."

The painter's black is described in a former chapter as a soot collected in the chimneys of workers

in glass (i/sAsgysiiav). TheJlosferri is, from his description of its colour and other qualities, evidently a

sulphate of iron. We here, then, may trace the probable step which led to the use of inks composed of

iron ; and may observe also, that the mixture of carbon with salts of iron is not a recent proposition

for the composition of ink.
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tured from what he terms painters' black, the soot collected in glassfurnaces, rub-

bed up with gum, animal glue, and sulphate of iron {x"-X7Mv6oi).

I find the antique inks of the Herculaneum and Egyptian papyri to resist

chlorine, acids, and other agents which efface metallic inks. The characters also

so often found on unwrought fragments of limestone, in the tombs of Upper

Egypt, are written with a carbonaceous ink. These fragments appear to have

been employed, just as we should a scrap of paper, to receive an impromptu com-

position.

These inks have resisted the ordinary effects of time exceedingly well ; but

they have the disadvantage of being removable by water ; and they are not so well

adapted for writing in a current hand (the great desideratum in modern practice)

as for the slower process of the ancients. The introduction of paper instead of

parchment and papyrus, probably contributed to the general employment of me-

tallic inks ; as those containing the salts of iron not only flowed readily from the

pen on paper, but struck sufficiently into that material to prevent the easy ablu-

tion of the writing. But metallic inks, however convenient in other respects, are

inferior to those with a base of carbon in resisting the effects of time, and still

more in withstanding deletion by chemical means.

Carbonaceous inks appear to have been generally employed till about the

middle of the fourteenth century. The high price of manuscripts rendered copy-

ists careful in the choice of then- inks ; and probably it was not until the intro-

duction of printing that they fell into disuse among copyists. Blagden, however,

mentions having found a manuscript of the ninth century written with an ink

composed of iron with a vegetable astringent (Phil. Trans, for 1787) ; but, after

having examined a great many manuscripts of the thirteenth, and early part of

the fourteenth, centuries, I found them chiefly ^vritten with carbonaceous inks,

resisting all the ordinary deleting agents. After the middle of the fourteenth

century, however, the carbonaceous inks begin to disappear, and manuscripts are

written with compositions very similar to om- ordinary writing-inks. This was

attended with small inconvenience, except the gradual fading of their colour,

until the discovery of the properties of chlorine ; and of late years their imper-

fections have been generally admitted.

Series VII. Carbon ivith Gums, Gum-resins.

1. I attempted to form a durable ink by incorporating carbon with gunis

and gum-resins ; but they took little hold of the paper, and readily washed oft'

when moistened. The well-known Chinese ink is a beautiful mixture of carbona-

ceous matter with glue, which we try to imitate in Europe, but uniformly fail to

equal.* It is, however, destitute of some of the essential quahties of a good

* In Annales de Chimie for 1833, vol. liii., is a curious account of the Chinese method of making

ink, extracted from a Japanese Encyclopaedia in 80 octavo volumes, and from a Chinese Dictionary of
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writing-ink, though it resists chemical agents. It is better suited for the pencil

than the pen ; it does not flow freely, and therefore is unfavourable to rapid

writing ; it does not sink sufficiently into the paper to resist rubbing ; and it may
be washed entirely from the surface of paper by the careful and repeated applica-

tion of a moistened pencil.

2. Inks of carbon, incorporated with essential oils, promised to resist water.

One was several years ago proposed by Mr W. Close, which is formed by dis-

solving 24 grains of copal in 200 grains of English oil of lavender, and grinding

it with 4 grains of lamp-black. This ink resists water and several chemical

agents well ; but it cannot be used as a common writing-ink ; for it does not flow

easily from the pen ; it sinks much in the paper, forming unseemly ragged lines.

3. I tried many other resinous solutions in spirit and in oils ; but with no

better success.

4. I obtained a better ink by mixing lamp-black with a solution of caoutchouc

in coal-tar-naphtha. This process forms an ink of a good body, which flows

pretty freely from the pen ; but it spreads and sinks too deeply through the paper,

and is disagreeable from its penetrating and sickening odour.

4. I obtained a far more elegant solution of caoutchouc in an essential oil,

which spontaneously exudes from a South American tree, supposed to be a spe-

cies of Laurus. This substance is fragrant, and readily dissolves caoutchouc ; but

the ink made with it has some of the disadvantages of the last sort, and would

be expensive, as the oil is a rare substance. It has hitherto only been brought

to us from British Guyana, under the Spanish name of Aceite de Sassafras, " oil

of sassafras," and has been highly extolled as a remedy for rheumatism.

Series VIII. Carbon with Animal Fluids.

1. Lamp-black ground with the albumen of the egg united with difliculty;

the ink did not flow readily from the pen, and the characters appeared coarse

and unequal.

2. The v/hite of the egg and Indian inks were not more successful.

3. Milk and urine were also tried ; but though better than white of egg as

vehicles, the ink made with either of them was easily effaced.

4. Serum of blood was liable to similar objections as a vehicle for the car-

bon ; and I found that,

5. Glue succeeded no better.

t

Arts and Sciences, in the Royal Library at Paris. The finest would seem to be prepared from a lamp-

black, obtained by the combustion of vegetable oils, particularly that of Bignonia Tomentosa, mixed with

animal glue ; the greatest quantity is prepared by collecting the soot of pine wood, received in a cham-

ber 100 feet long, formed of paper pasted over bamboo, and divided into various compartments. The

lamp-black collected in the first compartment is coarse ; the finest is in the last compartment. The pre-

cautions used will shew how careful the Chinese are to obtain a lamp-black of a fine quality.
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All the inks of this species, though they resisted chlorine, were loosened by

weak acids, and by diluted alkaline solutions. These effects took place, even

after the writing had been strongly heated, and its surface washed over with al-

cohol, in the hope of fixing the albumen by coagulation. Another objection to

animal fluids as the vehicles of a liquid ink, is their speedy corruption and dis-

agreeable odour.

Series IX. Carbon with Starch.

Solutions of starch were next employed to suspend the carbon.

1. I found great difl&culty in incorporating lamp-black with starch. The ink

thus formed is pale, unequal, and does not flow from the pen.

2. Inks of this kind are not improved by the addition of iodine.

Series X. Cai'bon with Gluten.

The intimate mixture of carbonaceous matter with another vegetable sub-

stance afforded the results I had hoped. I need not occupy the time of the So-

ciety with a description of the numerous preliminary trials on this combination

of materials, but proceed to detail the process which appears to me capable of

affording a convenient, cheap, and durable writing ink.

The qualities requisite for such an ink are : an easy process for its manufac-

ture from cheap materials ; a fluid which shaU flow as freely from the pen as

common ink,—which shall dry quickly,—which shall take such hold of the paper,

after it is dry, as not to nib off by a friction short of what injures the texture of

the paper,—which shall resist the chemical agents that efface common ink, un-

less they be so concentrated as to destroy the paper itself,—and which is not liable

to lose its colour by time.

It is sufficiently obvious, that if an ink be only removable by means which

destroy the texture of the paper, it is sufficiently entitled to the appellation of

durable ; because no ink can be conceived capable of resisting an agent that de-

stroys the material to which it is applied ; nor have we any title to expect it to

resist such agent, any more than to be indestructible in the fire which consumes

the paper.

The vehicle of my ink is vegetable gluten, dissolved in strong vinegar,

OR better in pyroligneous acid.

This substance was suggested to me by the recollection of numerous experi-

ments, which I had made several years ago, on solutions of gluten as varnishes,

and the use of vinegar as a solvent, by a remarkable passage in Pliny, where he

treats of writing-inks

:

" Omne atramentum sole perficitur, librarium gummi, tectorium glutino ad-

misto. Quod autem aceto lique/actum, segre eluitur."
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Pliny's gluten, however, is very different from mine ; it is common animal

glue, but such an ink is removable by water.

I need scarcely add, that many other preparations of gluten were tried ; but

I give a preference to the acetous solution, because it incorporates very freely

with lamp-black (the cheapest impalpable carbon), and unites all the valuable

qualities of the other solutions of this substance. The first step is to prepare a

good gluten from wheat-flour, by kneading a mass of the dough below a small

stream of water, in order to separate the starch. On the large scale, this may be

done in linen bags or by machinery, but a considerable quantity may be formed

in a short time by the hand. The vicinity of a starch-work might probably af-

ford this material cheaply. The more perfectly the starch is separated from the

gluten the better will be the quality of the ink. When the gluten is kept in

water for twenty-four or thirty-six hours, it dissolves more readily in the pyro-

ligneous acid than when recently made. The proportions I employ are,—a pound

and a half of this gluten to ten pounds of pyroligneous acid, of the specific gra-

vity of 1033 or 1034. By the aid of a gentle heat, they form a saponaceous fluid

of a greyish-white colour, which will keep in this state for long periods.

The colouring matter should be the best lamp-black, such as is usually sold

for 28. per pound. I find that the colour of the ink, though not its other quali-

ties, is improved by the addition of a small quantity of fine indigo. The propor-

tions which I employ are from eight to twelve grains of lamp-black and two grains

of indigo for every fluid ounce of the vehicle. With the larger proportion, the

ink is of a fine deep black ; but it is thought by some persons to flow more easily

from the pen, when the smaller proportion of the finest colouring matter is em-

ployed, and it seemed also to enter more deeply into the paper. When the lamp-

black is of the finest quality, a smaller proportion of this very light and bulky

powder will suffice than when the lamp-black is coarse, and the ink will be more

equal, and flow more smoothly from the pen. It seems scarcely necessary to add,

that the more completely the ingredients are incorporated, the more perfect will

be the ink.

An agreeable aroma may be communicated to this ink, by soaking bruised

pimento, cloves, or cassia bark, in a portion of the acid, before mixing it up with

the gluten.

Those who have experienced the difficulty of triturating any carbonaceous

substance with other vehicles, will be surprised at the facility with which a short

triture in a mortar unites the materials of this new ink.

The following tests will enable the Society to judge how it answers the cha-

racters which I have ascribed to this composition :

1. It flows as freely as common ink from the pen.

2. It speedily becomes sufficiently dry not to be rubbed off' the paper.
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3. Its colour, compared to common ink, is at once full ; and it is not liable

to change by time.

4. It is not affected by soaking or washing with water, as long as the texture

of the paper is unchanged.

5. Slips of paper written with my ink, immersed for twenty-four hours in a

solution of chlorine, capable in a few minutes of effacing common ink, underwent

no change ; and even when immersed for seventy-two hours, the ink was not im-

paired in colour or adhesion.

6. Similar experiments were made with a mixture of chloride of lime and

water, acidulated with sulphuric acid

;

7. With diluted nitro-muriatic acid
;

8. With a saturated solution of oxalic acid

;

9. With diluted sulphuric acid

;

10. With diluted nitric acid

;

11. With diluted hydrochloric acid. In all of which it remained without

change of colour.

12. What is more remarkable, immersion in pjrroligneous acid does not efface

it when once thoroughly dry ; and it seems to become more fixed in the paper by

exposure to solar light and to the air.

13. Pencilling common writing ink with liquid chloride of antimony imme-

diately discharges it ; but the same substance produces no effect on the new ink.

14. Moderately diluted solutions of caustic alkalis, produce no effect on the

writing with this ink, though they injure the colom* of common inks immersed in

them ; but when the solutions are strong, they act on the texture of the paper,

and also soften the vehicle of the colouring matter, so that it may be partially

rubbed off ; but the softened texture of the paper becomes imbued with the car-

bon, producing a stain, which wiU shew the attempt at erasure.

15. Slips of paper, written with the new ink, have been suffered to remain in

moderately strong alkaline solutions for seventy-two hours without any loss of

colour ; and when the paper is dried, the ink has again become as fii-m as before.

1 6. It is not affected by the alkaline carbonates, nor by any of the neutral

salts hitherto applied to it ; nor am I aware of any chemical agent capable of

more effectually removing it from paper, than the substances already mentioned.

It may be used with an iron pen, provided that pen be washed immediately

afterwards, for iron is not readily acted on by ascetic acid.

It is not applicable as our ink for writing on parchment, because it may be

washed offthat material hke every other ink, nor can it be employed for marking

linen. It is, in fact, only offered as a writing ink, to be used on paper,—weU

suited for the drawing out of bills, deeds, or wiEs ; or wherever it is important to

prevent the alteration of sums of money, or of signatures, as well as for handing

down to posterity public records, in a less perishable material than common ink.
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I have thus, Gentlemen, without reserve, submitted to you the results of an

investigation, which, unless I deceive myself, promises to be of public utility.

Should it be found to present an obstacle to the commission of crime,—should

it, even in a single instance, prevent the perpetration of an offence so injurious in

its consequences to society, as the falsification of a public or a private document,

the author will rejoice in the publication of his discovery, and consider that his

labour has not been in vain.

P. S.—Since this communication was made to the Royal Society, I obtained

in London a " prepared paper," from which it was pretended that common ink

could not be removed by chemical agents ; but letters written on it with common
ink, were instantly effaced by chlorine and by oxalic acid.

Good wheat flour will yield fi:'om 14 to 24 per cent, of moist gluten ; but the

quantity appears to be exceedingly variable, according to the quality of the flour,

and perhaps also to the season. In lately preparing a large quantity of my ink,

for the use of The National Bank of Scotland, Messrs Duncan and Flockhart

found one sample of wheat to afford 14.73 per cent, of gluten ; another yielded

no more than 8.40 per cent. Barley and rye meal seldom give more than 4 or 5

per cent, of that substance.

It has been stated that my ink, though it resist the stronger chemical agents,

is liable to be washed off paper by simple water. I had discovered that, when

used on highly-sized or very highly-glazed paper, it does not adhere very firmly.

The reason is obvious : the size or glaze prevents the ink from really coming into

contact with the paper. They form a varnish that defends its surface from

any ink ; which, to be permanent, must sink into the substance of the paper.

On other paper this new ink is not removable by water. It answers best on a

paper not too highly glazed or sized ; and, with a light pen, may be even used on

unsized paper.

Several forgeries have of late been successfully perpetrated on some of the

Scottish banks by the following stratagem. Bank orders for small sums were

obtained on some of their country branches. The blank space in the engraved

bill was filled up, as usual, in writing with common ink, thus—" Fou7'

Pounds.'" The dash after the word Four was deleted bv chemical means, and

the word " Hundred'" inserted. The fraud has been but too successful. In con-

sequence of its detection, one most respectable bank, after instituting numerous

experiments on my ink, and ascertaining its durahility, have already had 100

gallons of it prepared by Messrs Duncan and Flockhart of this city, and sent to

their numerous country branches ; and have directed it to be employed to fill up

all bills, orders, &c. drawn on the bank.
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XXII.

—

Investigation ofAnalogous Py^operties of Co-ordinates ofElliptic and Hyper-

bolic Secto7's. By William Wallace, LL.D., F.R.S.E., F.R.A.S., M. Cambridge

P.S., Sfc. Emeritus Professor of Mathematics in the University of Edinburgh.

Read 15th April 1839.

The analogy between certain properties of the co-ordinates of elliptic and

h3rperbolic sectors, which forms the subject of this memoir, was observed by the

early writers on the fluxional or differential calculus, and employed by them in

its improvement. But, independently of this important apphcation, the proposi-

tions in question are some of the most elegant theorems in geometry, and highly

interesting as abstract truths.

Maclaurin, in the third chapter of the second book of his Treatise ofFluxions,

has proved the truth of this theorem :
" Supposing 7i to be any number, let E and

w X E be elliptic sectors, which stand on arcs that begin at a vertex of either

axis, and H and nxH hyperbolic sectors, which stand on arcs that begin at the

extremity of the transverse axis : the algebraic equation which expresses the re-

lation between x and z, ordinates drawn to the other axis from the extremities

of the arcs, must be the very same in the two curves."

From this he has inferred, that if the relation between the ordinates x and z

of the one curve be found, it may be assumed as equally true of the ordinates of

the other curve, and thus the properties of the one may be deduced from those of

the other.

The late Professor Playfair, in a paper in the London Philosophical Trans-

actions for 1779, has, by the use of the symbol of imaginary quantity (viz. V — \)

deduced from the geometrical properties of the circle, which are the foundation of

the angular calculus, corresponding properties of the hyperbola ; but I do not

remember any writer who has, by a single process of legitimate geometrical or

analj^tical reasoning, established the identity of the properties of the two curves
;

although such an investigation would have been a fine example of the power of

modern algebraic geometry as an instrument of research, and a valuable addition
*

to treatises on the conic sections constructed by that compendious and elegant

mode of reasoning.

2. Considering it desirable that a subject so purely elementary should be brought

under the dominion of the ordinary doctrines of analysis, I have endeavoured to

include the properties of both curves in one set of formulae ; taking from geometry

the very least assistance possible ; and avoiding all use of the imaginary symbol
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V - I. The result of my investigation is given in what follows : the only geome-

trical properties of the curves supposed known are their definitions by their foci

;

from which, their equations, both included in this, of -^ ci/ = a\ may be easily

deduced ; and this other property, viz. 1/ semidiaineters he drawn to the extremi-

ties of any chord in an ellipse or hyperbola, the sector between them will be bisected

by the diameter which bisects that chord.

3. The formulae sought are to be deduced from the resolution of the following

problem

:

Problem.

Let C be the centre of an ellipse {fig. \), or hyperbola {fig. 2) ; and let AA' be

any diameter in the ellipse, but a transverse diameter in the hyperbola

;

and BB' its conjugate ; also let W", PT'' be two parallel chords in either

curve; and let

PQ=^, P'Q'=y„ P"Q"=^„ ^"'Q"'^y,,

be the co-ordinates of their extremities P, P', P", P'".

It is proposed to express the co-ordinates of each of thefour points P, P', V", V'
by those of the other three.

Fig. 2.

Draw P"'D, P"D' parallel to the diameter AC. Put the semitransverse CA=a,
2

the semiconjugate CB=ft; and let c=±^^, the sign + applying in the ellipse, and

the sign -in the hyperbola.

From the similar triangles PDP"', P'D'P", we have

PD P^D'

F^""PD
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Hence, in both curves, having regard to the signs of the co-ordinates

y-y^ y-y^
(o

*3~ * *^2~ *1

Now in both curves,
x' + of = ^3 + cy\

,

,2
I „ ..1 „2 , - .,2

^; + cy\ = «; + cy\

;

wherefore, by transposition and resolution into factors,

(z^- X) (^3 + x) = ciy - ^3) iy + y^),

(ar^- x) {z,^ + x,)= c (^, - y^) (y, + y^) :

and hence,

y-y^ *3+^

By comparing these with formula {a), we obtain three others, which, with for-

mula (a), may be expressed thus,

«3-* *2-*.
(1)

(2)
y.+y^ y +yz

«2 + ^, ^3 + X

^£ZL=Slll2A, (3)

^2-^i _g( y+y3)
^ ^4j

From these, again, there are obtained

{x^-x){y^-y^)= {x^-x;){y-y^), .... (6)

(^3 + ^)(i/i+3^2)=(*2 + *l)(^+J^3)' • • • • (6)

(,x^-z)ix,^ + x) =c{y^+y^{y-y^, . . . (7)

(x^ + x)(x^-x^)=ciy^-y^)iy+y^), . . , (8)

By performing the multiplications here indicated, and adding and subtracting

the results, we find

i^tV^—x, V.> =x y— xv , )
From (5) and (6) 4

'^' '^' '^ ^" l (9)
(^33'2-^2i'3 =^,y-^y,;)

!^3 ^, + ^y. y,

=

X..X + <^y y,> \
'

'
' '

' y (10)
«3^2 + '^^2^3=^!^ + <^3'yi;j
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From these formulse it appears, that we may interchange x^ and x, provided

that we at the same time interchange y^ and y, and that we may also interchange

x.^ and a?„ and at the same time y^ and y^ ; so that, in fact, they are reducible to

two, viz.

^Vx-^xVz =^^y-^y^''> (ix)

«3*l+<^3',^3= ^2^ + ^^^2; . . . .
(X)

and here x,y\ x^ y^ denote generally the co-ordinates of the extremities of either

of the chords, and x^, ^/, ; x^ y^ those of the extremities of the other chord.

These two equations contain the four pair of co-ordinates x,y\ x^ y^, kc, and

only the simple power of each ordinate. Therefore, each may be determined by

the common process of elimination. And, to give the formulae the greatest degree

of simplicity, we must recollect that

x^ + cf = a\ zl + ct/l = a\

The results obtained are

a'x = cy^ (x^y^ + x^y^ + x^ (a:,a-.^- cy^.) \

^
a> = x^ {x^y^ + x^y;) -y^ {x,x^-cy^y^ j

'

a^y^= X {x^^ + x^^-y{x^x-cy^y^\

«'«,= cy^ (^y , + ^3^ ) + a;, {xx^ - cyy^
^ ^

«V,= *2 (^yz + ^^y ) -^2 (**3 - ^yy^) 3
'

0V2 = a;,(a;^3 + :c3j/ ) -y, (ara:^ - cy^/^) j
' '

These formulae completely resolve the problem that was proposed.

Fig. 4.

Fig. 3. P^

V ^

C MQ" Q' Q

4. If one of the chords PP'" be supposed to pass through A, one extremity of

the axis CA, so that ^3=a and «/3=0, then we have
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ax=x^z-cy^y^-\
^^

ax = xx^ + cyy^-\
^

5. Retaining the hypothesis that PA, one of the parallel chords, passes

through A, the vertex of the diameter, let the semidiameters CP, CP', CP" be

drawn. Then, by a known property of the curves, the sectors ACP", P'CP will

be equal, so that
Sector AOP = sector ACP' + sector ACP",

Sector ACP'= sector ACP - sector ACP" :

Let us now consider the co-ordinates

^, y ; «,, y, ; ^,, y„

as/unctions of the sectors AGP, ACP', ACP", and let us put

Sector ACP"= a, sector ACP^^S, sector ACP = 7.

Also, let us express

x^ by / (a), «, by / (13), xhy f (7),

y^ by F (a), y^ by F (^), y by F (7)

;

where the letters / and F are to be regarded as characteristics of the functions.

Then, applying this notation to equations A', B', we have

«./(y)= a./(/3 + «)=/(/3)/(a)-c. F(/3)F (a))
^

«.F(7)= «.F(/3 + «)=F(/3)/(«)+/(^)F(«) j'

a./(/3)=a./(7-«)=/(7)/(«) + c.F(7)F(«) ) p

a.F(/3) = a.F(7-«)= F(7)/(«)-/(y)F(«) (

These are entirely analogous to the well known formula for the cosine and

sine of the sum, and of the difference of two angles ; indeed the latter are com-

prehended in the former, and to produce them, it is only necessary to conceive

the ellipse to change into a circle ; in which case the symbol c, independently of

the sign prefixed to it in the formula, must be regarded as positive, and its value

= 1 : further, we must then exchange the functional mark/for cos., the abbrevia-

tion of cosine, and F for sin. that of sine.

6. The reasoning throughout this memoir is perfectly general, and inde-

pendent of the sign of the modulus c ; and, in imitation of that employed to esta-

blish the calculus of angles, it may be carried on to a great extent. Indeed, pro-
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ceeding from these formulae, we might estabhsh a complete theory of the conic

sections. I shall, however, only farther extend the investigation to the co-ordi-

nates of sectors, which are multiples of a given sector of an eUipse or hyperbola,

and are contained between the transverse axis and any semidiameter. From
these the whole theory of angular sections may be deduced, also the correspond-

ing properties in an equilateral hyperbola.

7. Let a and h be the axes of a conic section, a being the transverse, and h the

conjugate, or, in the case of the hyperbola, the second axis. This assumption will

require no change in the formulae. We may introduce e, the eccentricity of the

curves instead of the second axis 5, and since in the ellipse V=(^—i, and in the

hyperbola V-i-a^; if in either curve «, |8, «-|-/3, a -j8 denote sectors contained

between a, the semitransverse, and semidiameters, the co-ordinates of whose ver-

tices (which may be called the co-ordinates of the sectors) are respectively,

/(«). /(^), /(« + /3), /(a-/3),

F(«), F(/3), F(« + /3), F(«-/3),

In either curve,

a./(« + /?)=/ («)./(/S)-
a'

a—e-
,F(«).F(/3), (1)

a.F(« + /3)= F(a)./(/3)+/(a).F(/3), (2)

a./(«-^)=/(a)./(/3) +
a

a'— e'

a.F(«-/3) = F(«) .fip)-f{«) . F (/3).

F («) . F (/3), (3)

(4)

G.

In these formulae no attention to the signs of the terms is now required, be-

cause they are adapted to each curve, by the circumstance of the eccentricity of the

elhpse being less, and that of the hyperbola greater than the transverse axis.

By adding and substracting (1) and (3), also (2) and (4), and, to simplify,

making the semitransverse a=l, we obtain

/ (« + /3) +/ («- ^)= 2/(a)/(/3),

2
/(« + ^)-/(«-/3) = F(a)FO),

(5)

(6)

H.

/

F(a + /3) + F(«-/3)= 2F(«)/(/3), (7)

F(« + ^)-F(a-/3)=2/(«)F(/3) (8)

By putting n « instead of «, and a instead of /3, also x for / («), and y for

F (a), these formulae become

f{(^n^l)a}+f{{n-\)'a} = 2x.f{na)- 1

2
f{{n + l)a}-f{{n-l)a} = :^—^y.¥{na); 2

¥{in + l)a{ + ¥{{n-V)a}=2x.¥ {na); ..... 3

¥{(n + l)a}-¥{{n-l)a}=2y.f(na) 4

( K.
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Three of these formulae, viz. the first, third, and fourth are exactly the same

for the ellipse and hyperbola ; in the remaining one (the second), the sign of the

term that contains F {n «) changes, it being negative for the ellipse and positive

for the hyperbola.

8. From these general formulae, we may deduce any number of particular

values, by making n equal to 0, 1, 2, 3, &c. successively. Thus, from the first

and third, we find

/(0«)=1 F(0«)=0

/ («) =^ F («) =y

/(2«)= 2:ir^-l F(2«)= 2;^^

/(3a)=4x'-3x F(3«)=(4ar'-1)^

/(4«)= 8a;^-8a;- + l F(4.a)=(8x'-4:x)^

/(^5a)= 16:t^-20x' + 5x. F(5a)=(16x'-12x' + l)t/.

&c. &c.

and in this way we may proceed to any extent in deducing formulae, which are

identically the same for the ellipse and hyperbola.

9. Since the relation of every two adjoining terms of the two series/ (a),

/(2a), (/3a), kc, and F (a), F (2a), F (3«), &c. is exactly the same in the two

curves it follows, that n being any whole number,/ {n «), and F {n «) wiU be the

same function of x and p in the two curves ; this was the property particularly

noticed by Maclaurin, in the case of /(wa),* and employed in deducing Vieta's

Theorems from a property of an equilateral hyperbola derived from the theory of

logarithms. I shall now deduce the same properties from the formulae which

have been here investigated.

10. To abridge, let us denote/ {n a) and (F n «), the co-ordinates of an elliptic

or hyperbolic sector (which is equal to the sector denoted by « taken n times), by

the more simple symbols X„ and Y„, then, a;, and j/ as before, being put for the co-

ordinates of the sector a, the general formulae

/{(n-l)a}+/{ (n + l)a] = 2xfina),

F{(n-l)a} + F{(n + l)a] = 2xF(na),

will be expressed by fewer characters, thus,

^ n-l + X „+ , = 2 X X„,

Y^, + Y„^, = 2;.Y„.

Let z denote an arbitrary quantity, which is to be introduced as an analytical

artifice to generate a series of terms ; and, by giving successive values to the num-

* Maclaurin's Fluxions, Article 757.
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ber n in the two preceding formulae, let there be formed two series of equations,

as follows

:

^X„-2a;;2X, + ^X,= ^ Y„-2a;^ Y,.-|-;s Y^=
2^Y-2a;^'Y +;s^Y=0

«'Y -2a:;^% + ^^Y=0

Put

^^X, -2 3:^^X2 + ^^X3=0

VX^-2a:«% +«%=0
&c. &c.

P= ^X, + ^^X^ + ^X3 ...... +^"-'X_,+^''X^ + , &c.

Q=^Y, + ^Y^ +^% +^"-'Y„_, + ^"Y„ + ,&c.

Then, by adding into one sum each of the two series of equations, we have

^(Yo+Q)-2a;Q + ^-Y, = 0.

From these two equations we find

X 3— Xo«"

Now, Xo=l, X =«,

Therefore, the values of P and Q are

Q

Y„=0, Y.=y

P= {x— z) z

l-2zz + z'
Q y z

l-2zz + z'

Let the expansion of the fraction |—-^ ^ be

C+C.;^ + C;^^ +c„_, ^" ' + C z"
n— ]

+ C 2" + &c.

we have now

But

and

P= a;Co^ + (a;C,-C„)^^

Q=_^ Coz+y C^z

P:=X| 2 + X2 Z'

Q= Y,z +Y^z'

Hence it follows that

+ (a:C„_,-C„_,)^" + &c.

+ X„ z" + &c.

+ Y„ 2:" + &c.

Y„=yC„_, L.

To simplify, let us put u instead of 2 a? in the expression l — 2zz + z\ so that

it becomes l — (u—z)z, we have now by division =

—

^ ;==

—

^ equal to
^ ^

^ l — 2xz + z^ l — (u— z)z ^

l+^(^U-z)+z'(u-zy . . . +2r"-'(M-«)"-^ + ^'-'(M-;^)"-'+&C.

Let A^and B„ be the coefficients of 2;" in the expansions of («— s)"~' and (m-^)""',

and let A, and B, be the coefficients of 2; in the expansions of («-«)""" and («—«)""',
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and A2 and B, the coefficients z' in the expansions of (m-^)""' and {u-z)'^\ and in

general A^, and B^ the coefficients z" in the expansions of {u-z)"''" and («-»)""'"",

then it is easy to see that

C„_, = Ao + A, + A, + A3 + &c.

Now we have evidently

Ao=M"-" B„=w"-^

A, = -(/»-2)«*"-' B, = -(?i-3)M"-*

J. . ^ X • ^

- 1.2.3 '~ 1.2.3
&c. &c.

Observing now that /(««)= X„= a; Cj„_,) - C(„_2„

and F(wa)=Y„=yC„_„

we have, after replacing uhy 2x,

M

2/(. a)=(2.r-.(2 .)-+!^^^(2 .)--!^fc|i!^(2 .)- + &c.

F (« «)=j. {(2 xr^-in-2) (2 .)- 4-fcMiz|)(2 ^)^._(^-4)(>.-5)(n-6) ^^ ^y_, ^^^

These expressions for/ [n «) and F (»^ «) are entirely independent of the quan-

tity c==t= 75 they are, therefore, identically the same for the ellipse and hyperbola.

And if the axes of the ellipse be supposed equal, they become the known formulae

for the cosine and sine of the multiple of an arc, which, in substance, were found

by VietA.* The angular analysis was not, however, sufficiently advanced to

enable him to express them by general formulae, otherwise than by shewing how

any number of particular cases might be found.

11. That we may obtain values of the functions/(% «), F (« «) in another form,

we must find a second development of the fraction \_2xz + z'
'

* Francisci Vieta Opera Mathematica. Leyden, 1646 (pp. 295, 297).
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The expression 1— 2 a: 5; + 2:' may have this form {x—zy — (z^ — l); now in the

hjrperbola x'-l = cf; therefore, denoting this last quantity by «', we have

1 — 2 X Z + Z^=:(x— zy— U^=(x— U— z) (X + U — s).

1

And
{x— u— z) (x + u— z)

l-2xz + z' =J-i_l ^l.
2u\x— u— z x + u— z^

1 1 z z- z"-'' z"-'

Now x-u-z^^^^(x^^^'^(x-uf • '^ix-uy-''^(x-uy^^-

1 _ 1 z z' z"-' -g"-'

And
a; +M-^~« + M'^ (« + «)' "^(3: + t<y " ' ' *"

(a; + «)"-' "^ (ar + «)" ^'

2 M
Hence, by subtracting, and observing that x'-ti'=l, and putting -^_2^^^-,2 for

+ , we have
X—U— Z X + u— z

2u (2u + {{x + uf-{x-uy]z + {{x + uf-{x-u) ]^^

!
1 - 2 ;«: ^ + ^^' ) + {(a: + «^)"-' - (ar- m)"-' }2!"-^ + {(a; + «)»_ (a;_ m)'']^"-' &c.

1
Now the expansion of the fraction -i_2xz+ ^ ^^i^S

1 + C,z + C,z' + C,z' . . . +C„_,z"-' + C„_^z"-'+ke.

it appears, from what has been just now found, that

And we found (Article 10, L) that

f{n a)=x C„_, - C„_,

;

F(na)=y C„_,

:

Therefore, /(^ a)=2^ { (a:"- 1 + ««)(« + ur-'-{p^-\ -ux) {x-uf-' \

;

B\itiif-l=u'; therefore a^'-l+Mx^ u(x + u),

and x^— l—ux=—u(x— u);

And hence .... 2/(na)=(x + uy + (a;-u)'';

and 2uF (na) = {(x + uy-(x-uy]y;

Or, since .... u^=y% andM=yVc;

2/{na) = ia; + t/s/cyy + (w-ys/cy;\

y-{a;-t/^cy.
J

N
2F(na)s/c= {a: + i/^cy

'



ELLIPTIC AND HYPERBOLIC SECTORS. 441

From these formulae, putting/(a) for x, and F («) for ^/, we have

f{n a) + F(n «) .>Jc = {/(«) + F (a). V^}",

/(wa)-F(«a)Vc={/(«)-F(«).Vc}";

and hence, again, n and m being any whole numbers,

[=|/(«a) + F(/^a).VcU,
/(a)+F(a)V^<^ ,11

I = -! /(m a) + F (m «) . s'c > -»

;

therefore, f{m a) + F (m «) . \/c = | /(% a) + F(w «) . Vc [ «

;

and, putting na=a', so that ma=— a'; we have

and putting « instead of «', and again a; and ?/ instead of/(a) and F («),

Exactly in the same way we prove that

In the hjrperbola x^—cy'-={x-\-y ^/c) {x—y \/c)=l,

and in general {/(w a) + F (« «) . V^c } {/(w «)— F (w a) . \/c) } = 1.

Now, as in the circle, we consider the cosine of a positive and negative angle

at the centre to be equal in magnitude, and to have the same sign ; but their sines

to be equal in magnitude, with contrary signs, so, by analogy, in the ellipse and

h3rperbola, we must reckon /( + »«) =/(

-

n a), but F( + ?i«)= _F(-wa); and hence

we have

{/(w a) + F (+««).'/<;} {/(-wa) + F(-wa) Vc}= l,

and/(-«a) + F(-wa).\/c ={/( + % a) + F(+w«).Vc}-'=:(x+^\/c)-".

In the same way we find / (— w «)— F (— w «) . a/c =(«—y v'c)-".

So that, on the whole, whether w be a positive, or a negative whole number, or a

fraction ; in each case

/(«a) + F (na) .\/c=(ar+y a/c)";
\

fin a)- F{na).Vc = {x-y 's/c )":}
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These fbrmulai are perfectly definite and intelligible, when confined to the

hyperbola ; and numerical values being assigned to the quantities n, x,y,c; the

values off {n «), and F {n «) may be expressed in real numbers : They lose, how-

ever, this property, when extended to the ellipse or circle, by reason of the sym-

bol \/ fi, which, in this case, becomes - a/ - 1 an imaginary quantity. Still, how-

ever, they are not insignificant, for they express real quantities, although under

an imaginary form.*

12. We meet with the same peculiar form of expression in the elements of

Algebra. Thus, the value of x being required from the two equations

x^ + c i/'-= a^

;

^ ^= b^ '

we have x' + 2x yjc + cy'= a^ + 2 6Vc

;

x'— 2xyslc-\-cy-= a^— 2b^^c\

and taking the square roots, we get

x^y.]c= ^{ce + 2 6Ve) ;
x-y^c= sJ{a'-2 b'^c)

;

and X

=

M V(«' + 2 6Ve) + n/(«'- 2b'^c)

}

:

Suppose now c=+l, then x=^{^{d' + 2 b') + ^{a'-2b')};

but if c=-l, then a:=i{V(a' + 2^V-l) + v(o'-26V-l)}.

In the first case the value of j; is rm/, but in the second it is illusory, be-

cause it involves the imaginary symbol V—l. We can, however, eliminate -/— 1

:

thus taking the square of the expressions for a;, we have

The square root of this quantity gives a real value for m, whether c be positive or

negative.

The same value for x^ may, however, be found from the proposed equations

by proceeding in a different way : Thus subtracting four times the square of

xy J c( = h^ J c) from the squares of the sides of the first equation, we have

x^-2x- y^ c + c^ y^ — a^-4:b'^c;

and taking the square roots,

x''-cy^ = ^(a''-4:b^c);

* These important analytical expressions were found by De Moivbe in 1707, and inserted in the

Philosophical Transactions of that year ; and again in the Transactions for 1722. They are also in his

Miscellanea Analytica, printed at London 1730.
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From this, and the first given equation, there is obtained

The same result as was deduced from the first solution but by a di£ferent process.

13. In the preceding example the imaginary expression V— 1 has been elimi-

nated by a transformation, which has brought together two terms with oppo-

site signs. In a similar way we shall eliminate it from formulae (N).

By the binomial theorem, and putting A^, A^, A., &c., for the coefficients of

the terms containing the first, second, third powers, &;c. of ?/ in the development of

(l + t/)", we have

(x ^i/^cy^x" + A^x"-' yslc + K^x^'-'^y^ c + A^x"-^ y^ c^c + &c.

{x-y^cY^x^-A^x"-' y^c + A^x"-^ y^ c-A^x'^ y^ c^c + hc.

Now from formulae (N),

f{na)=l{(x+yjcy + {x-yjcr}

^cY{noi)^\{{x^y^c)

Therefore, by adding and subtracting, there is found

/(na)-x" +A^x'^'y^ c + A^x''-'y'^c'^+kc.

F{n a)=A ^x'-'y + A^ x"-^ y^ c + A^ x"-' y^ c^ + &c.

These series will terminate when w is a whole number, otherwise they will pro-

ceed ad iiiflnitum. In the circle, or ellipse, c must have the sign — , but in the

hyperbola, the sign +

.

John Bernoulli found these theorems in the case of the circle, and gave them

in the Leipsic Acts for 1704, but without demonstration.* It is remarkable that,

knowing them, he did not discover also De Moivre's theorem, which has been

the germ of the finest discoveries in geometry.

14. In the circle, tan a, the trigonometrical tangent of an angle « at its centre

QIJT ft.

is equal to, . In the ellipse or h3^perbola, if a straight line touch the curve at

the vertex of the transverse axis, the segment of this line between the vertex and

any semidiameter is equal to -r. -,
; it may therefore be considered as a function

of the sector, analogous to that which the trigonometrical tangent is of its angle
;

and may be similarly designated by the symbol T («).

* JoANNis Bernouilli, Opera, vol. i. pp. 387 and 511.
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We have now from Formulae 0, in either cm^ve

Tr \-L (^+.yVg)"-(^-yVg)"

or, putting t for T (a)=-, so that y=tx.

In the ellipse, because c is negative, so that V-c=v' + e.V— 1, the formula in-

volves the imaginary symbol V-1: this, however, disappears when the expres-

sions (1 + ^ V c)" and s/(l-ts/ c)" are expanded into series ; and united by sub-

traction and addition : We have then, putting Aj, A^, A,, A^, &c. for the coeffi-

cients of t, t^, f, f, &;c. in the expansion of the binormal C^ + fT,

rp, ^_ Ai<' + AgC (^ + Aggg/^ + Sic. „

For the circle or ellipse, the terms in this formula containing the odd powers of c,

viz. the first, third, &c. must have the sign — , and the remainder the sign + : But

in the h3rperbola, they must all have the sign + ; in either case the expression

for the tangent of the sector contains only real quantities.

15. In formula Q let us put ~ for Vc and — for t, we have then in the hy-
X

perbola,

XV X^ V^ X^ V^ iX v\ /X v\
Let us now put -+\=r, then, because ^-7^=1 ; and -i--rz= (- + 7) (

—

t) ;^ a b a^ b^ a* 0* \a b) \a 0/

therefore, r (-—f) =1> ai^d --|=-: Formula S may now be expressed thus,

T(na)_ ^_r--l , 6 + T(n«)

and p-utting - for 2 n, and ^^ for w

;

\2m/
r=

V2 m/
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Suppose now wi to be a large number, then, the sector -^ will be small ; and its

area will have to the area of the triangle whose base is the semidiameter, and

height the tangent of the sector almost a ratio of equality : now, the area of this

triangle is ^ • T {-k~\ , therefore, m being a very large number,

o^=^T(^)andT(^)=^:
2 m 2 \2m/ \2m/ ma

2 a V»

a m 'ib +
- \ a m [ ) ^ a m

we have now r=
{—^

1 =\ ^ +—i—
r

am] \ am)

now the space «, viz. the area of the sector, is a finite magnitude, and m is by hy-

1 a
pothesis a great number : therefore, the lineal quantity - • — is small, and m^y

(X Tit

be neglected in respect of the finite line h, and m being increased continually, we
have

2 a 1 »»

I m a )

16. Let us now assume that -=n ; and since 2 « and a b are finite spaces,

and 7» is a large number, n must be a small fraction. We have now m= —^, and"^ nao

1 ^ 2a
6'= (l + nyab=: J (l + n)» [•«

Now, considering that r is a function of «, let e be the value of r when

2a=ab; then e will be a definite number, which may be found from this expres-

sion,

2^

To abridge, let us put n=^"*, then r„ will also be a definite number ; and we

shall have r=r1, that is, restoring the quantity denoted by r.

X y a

a o

] 7. The co-ordinates of the sector « being x and ?/, let the co-ordinates of

another sector a^ be cc,, and 7/„ so that

X y. a,
—'-!-—= •>•

a
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(M)m =-''" ••(')
Let X and Y be the co-ordinates of a third sector equal to a + «„ then we have

a^ b ""^ *^o -^ \a" hWa^ b)

Now, considering « as a function of -+|, let us put

«=^'{M}^ then.,=/'{:--+f}, and .+«,=/'{^4'};

we have now manifestly,

/'(M)-/'(H')=/1(M)-(H')}-
But, in any system of logarithms,

Hence it appears that the sectors a, a,, « + «, are related among themselves exactly

as the logarithms of the quantities - +7, -
+f',

- + r-

We have now this important property of the hyperbola

;

Let X and y he the co-ordinates of a, a sector of a hyjyerhola ivliose transverse and

conjugate semi-axes are a and b ; then c being some given number, c a is the logarithm

''a
•

This theorem, at least one deducible from it, was first discovered by Gregory

of St Vincent* and was a most important step in the theory of logarithms, for it

identified their construction with the quadrature of the hyperbola, a problem re-

solved by MERCATORf and Brounker. This beautiful analogy between loga-

rithms and hyperbolic sectors led to gi-eat improvements in their computation

;

these, however, came too late to be of practical use ; for before it was found, the

great labour of computing tables of logarithms had been accomplished. Its dis-

covery induced the geometers of that day to regard logarithms as a geometrical

theory ; but Dr Halley shewed that although the theory of logarithms had some

relations with geometry, yet it was properly a purely arithmetical theory, and as

such he treated it. X

* Gregorii a S. Vincentio Vera Quadratura Circuli et Hyperbolce. Antwerp, 1647.

+ Mercator. Logarithmotechma, &:c. London, 1668.

X PhilosopJdcal Transaclions (No. 27), vol. i., Lowthorpe's Abridgment.
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2 a. 1_

18. We have found that - \--=e'^
^

, and here e=(l +w) ", and w is a very small
a

fraction. This function e, from its singular form, might be supposed indetermi-

nate
; yet its value is readily found, by expanding it by the binomial theorem,

to be

''=i+i+r2+r-2^3:4+T-2-r4;^+^"-=2-"«28i8284.

This number e is the Base of Neper's logarithms, and therefore

(- 2a

- +t)= ; Therefore also --f= e
~»^

'

a b) X y ah
a h

2<

andhence ?=i|e»* + g «*|,

y . S ah

2« 2i

a h }
X

By a process exactly similar, we might have deduced, in the case of the

circle, supposing a =6=1, these other important formulae :

anj—

1

—av—

1

COS a= x= ^-{ e +e

v/— 1 sina=;/= 2
I

av—

1

—av—

1

e —e

Here a denotes, not the sector, as in the hyperbola, but the angle of which x

is the cosine, and y the sine. But the various steps of the process would be

almost exactly the same as those by which the corresponding properties of the

hyperbola have been found.

We have now passed, by a simple and uniform analysis, from the definitions,

and the most elementary geometrical properties of the conic sections, to some of

their most recondite properties. With these exponential formulae, which were

turned to great account by Euler,* and have been pronounced by Lagrange to

1)6 the finest analytical discoveries of the last century,f I conclude this memoir.

* Miscellanea Berolinensia, tome vii. ; and Introductio in Analysin Infinitum, t. i.

t Lagrange, Legons sur le Calcul des Fonctions, p. 114.
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XXIII.

—

Notice 7'especting the Depletion or Drying up of the Rivers Teviot, Nith,

and Clyde, on the 27th November 1838. By David Milne, Esq., F. R. S. E.,

F. G. S.

Read March 18. 1839.

The Teviot, Clyde, and Nith, are well known to be among the largest rivers

in the south of Scotland. In the lower parts of their course they are navigable

;

and all along their banks, nearly up to their sources, there are innumerable mills

and manufactories, dependent on the continuous flow of their waters.

On the morning of the 27th November 1838, the channels of these rivers

were, in the upper and middle parts of their course, found almost entirely empty.

The thousands of water wheels, many of which had for years, without interrup-

tion, been turned by their currents, suddenly stopped. Immense quantities of

fish, inhabitants of their deep and rapid streams, were destroyed by being left

dry, or being caught with the hand in deserted pools ; and in places where it was

usually dif&cult for even horses to ford, it was easy for children to walk across

without wetting their feet.

The phenomenon of a large river thus disappearing entirely from its channel,

for many miles, was one in its own nature well calculated to excite interest. But

being accompanied by the striking circumstances above mentioned, it could not

fail to excite astonishment among all living on its banks, and no small degree of

alarm among those who, in various ways, depended on these rivers for daily oc-

cupation and support. The subject became naturally one of general interest, and

occasioned much speculation and inquiry. The interest so excited was greatly

increased, on its being discovered that the phenomenon had happened not merely

in one large river, but in several ; and that, though these rivers were far distant

from each other, the phenomenon had occurred in aU, on the same day, and even

about the same time of that day.

On making local inquiries, it was ascertained that the phenomenon was not

without precedent. In the Scots Magazine, and other periodical repertories of re-

markable occurrences, accounts were found of the disappearance of several rivers

from their channels, at different periods, within the last century. These periodi-

cals contain long and frequently renewed discussions as to the cause of the phe-

nomenon, which show how much the public attention was interested by it, and

VOL. XIV. PART II. 3 z
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how little the various observers, or even scientific men, were agreed as to the true

explanation.

When the phenomenon was repeated last November, though on a scale much
more striking than on any former occasion, the same speculations were excited,

and the same diversity of opinion prevailed, as had previously existed. It is of

course unnecessary to advert to all the theories which were started, but the most

plausible of them may be noticed.

Some persons conceived, that the strong south-easterly wind which blew du-

ring the night of the 26th and following morning, was of itself sufficient to pro-

duce the effect. It was observed that the Teviot and the Nith flowed, for the

greater part of their courses, in an easterly direction, and that the Clyde, in the

higher part of its course, likewise flowed in this direction ; so that the easterly

gale blew up against these streams, and might have obstructed, if not stopped in

some places, the flowing of their currents, and thus have cut off the usual supply

of water from the lower parts of the river.

Others thought, that the frost which prevailed during the night of the 26th,

and morning of the 27th, must have frozen up the springs and rivulets at the

sources of the rivers ; or that it, at all events, stoJ)ped the flowing of the current

in those parts where there were caulds or damheads,—by forming a barrier of ice

along the top of them.

Others, again, imagined, that the phenomenon might have been caused by an

earthquake, or rather by the widening of the natural fissiu'es and rents abounding

in strata, which is known to take place during an earthquake. This opinion was

suggested by the fact, that, in Italy, the temporary disappearance of rivulets,

even of considerable size, is not an unfrequent occurrence before or during an

eruption. Professor Phillips, in his article on Geology, published in the last edi-

tion of the Encyclopaedia Britannica, mentions as the effect of volcanic agency in

England, that, " in (the year) 1110, the Trent was dry at Nottingham for a whole

day ; and that, in 1158, the Thames was dry at London."— (P. 245-6.) A similar

phenomenon was stated to have occurred in Scotland on the 6th January 1787,

on which day the shock of an earthquake was violently felt in the parishes of

Strathblane and Campsie, and a large district of country in the west of Scotland.

On the same day, it appears that the Woodhead bum, which runs through the

parish of Strathblane, and there turns a mill, left its channel dry for a short in-

terval ; and, what is still more remarkable, there was likewise on that day a stop-

page and desiccation of the Clyde.

In farther explanation of this last theory, I may here allude to what is

familiar to all geologists, that, in secondary rock districts, and especially those

occupied by carboniferous strata, there is hardly an acre which is not inter-

sected by numerous cracks or fissures, reaching from the surface to an unfa-

thomable depth, and varying in width from a few inches to many feet. There
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is one of these fissures (near Musselburgh) which exceeds fifty feet in width ; and

throughout the Lothian coal-field, there are many hundreds of them exceeding

six feet in width. Now the partial elevation of the earth's crust by subterranean

action, in whatever way it takes place, must widen these natural fissures, so as

to permit water to escape by them. A Fellow of this Society mentioned to me,

that, in 1834, near Liverpool, when the shock was felt there of the earthquake

which transmitted its vibrations through the south-eastern and midland counties

of England, the slines or cutters (as these fissures are called by quarrymen) were

observed to open, in a stone-quarry near Liverpool, and after a short interval to

close again.

Such were the most plausible of the theories adopted to explain the re-

markable desiccation of the Teviot, Clyde, and Nith, on the 27th November. But

I should term them conjectures rather than theories ; for they were formed with-

out any previous ascertainment of even material facts, and therefore could not be

relied on, to the least extent, as affording a true explanation of the phenomenon.

I therefore deemed it to be my first business, to obtain from different persons who
had themselves witnessed the circumstances, or could easily ascertain them on

the spot, a full and accurate statement of what had occurred.

(1.) I shall not quote at length the reports themselves, but shall give merely

a summary of the material facts and circumstances contained in them.* I may
only here mention the names of the gentlemen on whose information I have re-

lied ; and I do so from a conviction, that I shall thus afford a proof to all who
know these gentlemen, of the truth and accuracy of their communications.

The state and appearance of the Teviot were described in letters from

Andrew Jerdan, Esq. oi Bonjedwm^d, in a letter, dated 31st December 1838,

addressed to Professor Forbes.

Dr Douglas Junior oi Kelso, in a letter addressed to me, dated 21st January

1839.

Dr Wilson of Kelso, in two letters to me, dated 21st January 1838, and 15th

March 1839.

Rev. Mr Aitken of Minto, in two letters to me, dated 27th January and 7th

February 1839.

The temperature of the district during the 26th and 27th November, and the

state of the wind and weather generally during these two days, was obtained

from meteorological registers kept by the

Rev. Mr Wallace of Ahhey St Bathans, near Dunse.

Mr Jerdan of Bonjedward, near Jedburgh,

Mr Dudgeon of Spylaw, near Kelso.

* The reports themselves were read to the Society, and are in the possession of the author, who

Avill give access to them, to any one who may desire to examine them.
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I may be permitted to make two short extracts, descriptive of the pheno-

menon generally, in order to shew more clearly the bearing of the facts as given

in the summary.

The first extract I shall give is from Dr Douglas's letter.

" At the mill at Maxwellheugh (immediately above the confluence of the

Teviot with the Tweed), the supply of water in the dam began to diminish at

6 A. M. Nov. 27. It nearly ceased at 8 a. m. The whole water in the river was

diverted by means of the cauld into the mill-lead, but the quantity was so small

that the wheel could not be kept in motion. This state of things continued until

12 noon, when the flow began to be re-established, and at 1 p. m. the river had

assumed its ordinary size. The miller distinctly told me, that the supply came

gradually, and not in a rush.

" At Hawick, six miles above Minto, a correspondent there writes me, that,

during the morning and forenoon, the mills were stopped for want of an adequate

supply of water, and that near mid-day, the supply was again estabhshed, and the

mills again at work. For several miles above Hawick, the river was remarkably

small, and the same appearance was observed in the tributaries ; but this, he ob-

serves, is of such common occurrence during frost, that it scarcely excites atten-

tion. The bed of the Rule Water (which joins the Teviot just at Minto), was so

dry, that a friend told me he walked through the channel without wetting his

feet."

Mr Jerdan, in his letter to Professor Forbes, states that, " on the morning of

the 27th, which had been freezing hard during the night, and which was an un-

common cold frosty day, with a keen and bitter wind from SE., the miller, who

Avas at his work between five and six, on setting the mill agoing, found a great

rush of water, so much so, that he could hardly check it sufficiently. On going

up to the sluice or grating at the head of the dam, to his astonishment he found

the cauld or weir so frozen with the bitter night and high wind blowing right on

it, that not a drop was going over it, and a bank or wall of ice, about 16 inches

high he thought, was formed on the lip or top of the weir, by the accumulation

of the floating ice, and the severity of the fi*ost, and which kept the whole water

in the pool, and so forced an additional quantity down the dam, when the floating

ice was removed from the grating, which he had to do occasionally. From this

obstruction, which seems to have been very effectual, the stream immediately

below the weir was in a great measure dry, so much so that he could have easily

gone over it. In a few hours the accumulation of water carried away the ice

from one-half of the cauld, which is separated from the other by an island, and

the water flowed as usual, covering all the bed. The ice on the other part of the

weir, remained most part of the day.

" This easily explains the occurrence at Maxwellheugh, where, on examina-

tion, I find the water was not only dry below the cauld, probably from the cauld
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freezing in somewhat the same manner, but when the mill was set agoing, the

pool above was drained in a short time to the level of the dam-head, because Mr

Mein's, which is about three miles above it, had obstructed the current in the

manner described."

Dr Wilson mentions in his first letter, that, " at Roxburgh and other places,

persons crossed the water dry-shod ; and a boy crossing from Trows to Heiton,

caught several eels which were struggling in the shallows."

Dr Wilson adds, in his second letter, that there was in the Teviot, on the

morning of the stoppage, little or no ice in the stream. " The miller at Roxburgh

(he says) finding the mill stopped, looked out for ice, and discovering none, and

finding his dam empty, thought it was the last day ! Neither he nor any other

miller would have been surprised, had the stoppage been caused by ice, which is

an occurrence so common, that they are generally provided with large wooden

mallets, to be used for its removal. Mr Dickson of Hawick, who was not likely

to be an inattentive observer, as his large manufactory was stopped on the occa-

sion, stated to me that there was no ice, unless a little at the edges of the pools."

These extracts are sufficient to shew generally, the nature of the phenomenon

in the Teviot.

I shall now give a summary of the most important facts stated in the letters

of the different gentlemen above mentioned, calculated to explain the phenome-

non. It appears from these letters

—

1. That there was an almost total cessation of current, and in many places

an absolute depletion of the bed of the Teviot, in that part of its course situated

betwixt Kelso and Hawick, and that the same phenomenon happened in most of

the streams which joined it.

2. That, with one exception, all the mills on the river, from Kelso to Hawick

inclusive, and most of the mills on the tributary streams, were stopped from

want of water,—a circumstance which proves that the phenomenon arose, not

from obstructions by ice or otherwise on the caulds or dam-heads, but from a

failure of water in the upper parts of the river.

3. That when the current began to flow again, there was no sudden rush of

waters, such as would have arisen from the mere stoppage of the current by ob-

structions, but that there was a gradual restoration of the current.

4. That the diminution and disappearance of the water took place in the up-

per parts of the Teviot and its tributaries, before it took place in the lower parts.

(For example, it was noticed on the Rule Water at 11 p. m. on the 26th Novem-

ber, whilst it was not noticed in the lower parts of the Teviot till next morning).

5. That the restoration of the current took place first in the upper parts of

the Teviot and its tributaries, the smallest and shallowest of the latter being the

first to indicate motion.

6. That, during the night of the 26th, and morning of the 27th November,
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there prevailed over the whole district drained by the Teviot and its tributaries,

a keen and parching gale from the E.SE., accompanied by a frost, which reduced

the temperature of the air to 25° or 26° Fahr.

7. That ice was formed during the night of the 26th November, in the higher

parts of the Teviot, and especially its tributaries,—that the small streamlets, and

even some of the springs at or near the sources of the river, were frozen, and

were consequently stopped,—that, in some of the larger tributaries, ice formed

both on the surface and at the bottom of the water, and that in one place the

whole body of the stream was congealed into a solid mass,—and that across the

lip or edge of one cauld on the Teviot, a barrier of ice formed from sixteen or

eighteen inches high, which there completely obstructed the flowing of the cur-

rent for several hours.

8. That the rivers in which the phenomenon was most observed, have an

easterly direction, and are neither deep flowing rivers, nor sheltered by high

banks or woods. The Tweed and the Eden, in neither of which the phenomenon

occurred, are both deep and rapid, and, besides being sheltered by high and wooded

banks, have not so many tributaries as the Teviot, so that their waters are not

expanded over so large a surface.

9. That there was no shock of an earthquake felt about this time in the

district, nor any appearance of cracks or fissures.

10. That on two former occasions, mentioned in Dr Douglas's letter, viz. in

1804 and 1824, stoppages in the Teviot occurred, both of which were in the win-

ter season.

In reference to this last point, I may add, that I have met with accounts

of several other stoppages, besides those noticed by Dr Douglas. On the 25th

January 1748, the Teviot, for two miles of its course, remained dry during nine

hours. On the 11th March 1785 the river was dry for two hours, and the phe-

nomenon occurred again eight days afterwards. On the 25th January 1787 there

was a stoppage for four hours. These fom- stoppages, it will be observed, were

also during the season, when frosts and east winds are known to prevail in this

country.

(2.) The next river, the stoppage of which I shall aUude to, is the Clyde.

On this subject I corresponded with Mr R. Logan, surgeon, at New Lanark, who

addressed to me two letters, dated 24th December 1838, and 21st January 1839.

Mr Logan, in his first letter, states, that the watchmen of the New Lanark

mills had their attention first attracted " to the state of the river about 2 a. m.

on the 27th November, by the usual noise of the adjoining faU (Corra Linn)

having ceased." " The wind had been blowing from the east for several days,

and, about twelve at night, it rose to a stiff gale." " There was not the slightest

indication of the stream having been absorbed by any fissure in the earth ; and
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it was not till about seven in the evening that there was a sufficiency of water to

turn the machinery."

In his second letter, Mr Logan repeats, that " the waters of the Clyde were

entirely absent from 2 a. m. tiU 6 or 7 p. m. In the middle of the day, when I

crossed by the bridge, a mile below Lanark, the stones in the bed of the river

were so bare, that any one might have crossed without wetting theirfeet. I had

intelligence of the river being in the same state, for at least twenty-five miles up

the stream, and ten or fifteen down."

These letters describe the state of the Clyde in the lower part of its course.

That the current was likewise arrested in the river near its source, appears from

a letter handed to me by Professor Forbes, written by the schoolmaster of

Crawford, through which parish the Clyde in the upper part of its course flows.

He states that, in that high district, the Clyde was dried up on the morning of

the 27th, and was crossed by several persons dry footed, and that the river

did not regain its usual size till 3 o'clock p. m. That the rivers Daer and

Powtrail, which join the Clyde in the south part of Crawford parish, as well

as all the rivulets and feeders there, were remarkably low,—the cause of which

was supposed by the inhabitants of the district to be the severe fi'ost of the pre-

ceding night. This writer adds, that, during the winter of 1837-8, when the frost

lasted continuously for six weeks, and when the thermometer was greatly lower

than it was in November last, the Clyde could in no place have been crossed

dry footed.

A letter (sent to me by Messrs Chambers, publishers of Chambers' Edin-

burgh Journal), from the miUer of Hyndford-mill, (situated about three or four

miles above New Lanark), states that, " on the morning of the 27th November,

the water in the Clyde was flowing in its usual manner, until about 6 a. m., when

it began to subside rapidly, and shortly after almost ceased to flow. The frost

was very severe at the time, accompanied with rather high wind. The channel

of the river continued nearly dry, until between 12 and 1 o'clock p. m., when it

began to flow."

This person adds, " that, during a severe frost, water freezes rapidly at the

bottom of the strongest current, and the frozen particles accumulate so rapidly,

under certain circumstances, as to present a complete barrier to the flowing of the

water. I have (he says) several times been forced to stop the mill, on account of

the opening under the sluice becoming quite closed up."

From these different letters, it appears,

1. That the River Clyde, from its sources down to ten or fifteen miles below

New Lanark, was, alongst with most of its tributaries, almost entirely dry.

2. That the total desiccation appears to have continued from nine to ten

hours, and that the period when the current began to stop, to the period of its

again flowing, was about sixteen or seventeen hours.
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3. That, at New Lanark, the average width of the current is from thirty to

forty yards, and its average depth from one and a half to two feet.

4. That, during the night of the 26th, there was a severe frost, accompanied

by a stiff gale from the east, from which quarter the wind had blown for some

days previously.

5. That, on the morning of the 27th November, at daybreak, there were ac-

cumulations of ice in the river, and especially on the bands of rock crossing its

channel.

6. That the river was, on the 26th November, rather above its average level,

and on the 28th it was flooded and muddy, though no rain had fallen in the in-

terval.

7. That similar phenomena occurred in the tributaries of the Clyde, and that

some of the minor springs were dried up, whilst the larger springs had their sup-

ply diminished.

8. That there was no appearance of any fissures near the channel of the

river.

9. That the Clyde, in the upper part of its course, flows in a NE. direction.

10. That, besides this recent stoppage, four others had occurred in the Clyde

between 1813 and 1837-8, all of which were in winter, and duriag the prevalence

of severe frost.

I may add to these instances of stoppage, the one previously mentioned,

which occurred in January 1787, on the day on which the shock of an earthquake

was felt to the north and east of Glasgow.

(3.) The only other river the desiccation of which attracted particular atten-

tion is the NiTH.

The general nature of the phenomenon, as observed in this river, may be

judged of from the follow^ing extract from a letter, wTitten to me by Mr Threshie

of Dumfries :

—

" I learn indirectly from Mr Smith of Dalfibble, a most respectable man,

that, on that day (the 27th November), he crossed the river a little below Drum-

lanrig, in the forenoon, and found the river so void of water, that, with a stout

pair of shoes, he could have crossed without wetting his feet ; and recrossing in

the afternoon of the same day, the river took his horse nearly to the belly, at the

same place, and there had been no rain, or appearance of rain, and the circum-

stance struck him much. Farther, about four miles farther down the river, two

persons crossed on foot, to their surprise, at the ordinary ferry ; and found in the

afternoon the boat, as usual, necessary. Much higher up, or below these two

points, no particular change seems to have been remarked."

The most distinct and detailed account I have received in regard to this river

is from James Shaw, head-gamekeeper to the Duke of Buccleuch at Drumlanrig.
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The letters which he has written me on this subject, prove him to be a zealous

and most intelligent observer. Mr Shaw is already known to this Society and

the public, by his experiments and speculations on the parr and on the fry of

salmon, of which an account was read here last session by Mr Stark. The re-

searches which for many years Mr Shaw has carried on to ascertain the nature

and habits of these fish, have caused him to pay particular attention to the state

of the rivers in his neighbourhood, on which account, he was peculiarly qualified

to afford information as to any peculiarities in the state of the Nith and its tri-

butaries.

From these letters of Mr Shaw, it appears,

—

1. That, previous to 27th November, no rain had fallen in the district drained

by the Nith and its tributaries for three weeks, and that the waters in these rivers

were in consequence extremely low.

2. That, though the Nith was almost entirely dried up between Sanquhar

and Enterkinefoot, this was owing to a stoppage of the waters, which took place

in the higher parts of the river, and especially in its tributaries.

3. That, though the caulds and damheads on the Nith and its tributaries

were encrusted with ice, the disappearance of the waters took place in parts of

the rivers situated above the caulds.

4. That the phenomenon was most striking in those tributary streams, which

flowed from the highest level, and the waters of which were the most expanded

and exposed, by flowing over shallow channels unsheltered by trees or brush-

wood ; and that, on the other hand, it was least developed in the Minnick, a river

which has generally a temperature above that of the Nith, the Crawick, and the

Euchan, which were arrested.

5. That the waters disappeared from the higher parts of the rivers, before

they disappeared from the lower parts.

6. That the wind blew strongly on the 26th, and morning of the 27th, from

the east, and was very keen and parching.

7. That the course of the Nith above Enterkinefoot is from the east, as well

as that of its tributaries, in which the stoppage or desiccation was most observed.

(4.) I have now given the substance of the information procured by me, regard-

ing the desiccation or disappearance of the waters from the channels of the rivers

Teviot, Clyde, and Nith. Before submitting any views of an explanatory nature,

perhaps I may be permitted to conclude the above narrative of facts, by mention-

ing some other Scotch rivers, in which the same phenomenon was observed on

the 27th November, and also in former years.

I have a letter fi-om the schoolmaster of Ettrick, stating, that, on the 27th

November, the Ettrick, at about eight miles from its source, was dried up. It is

there usually from ten to twelve inches deep. The desiccation was observed about
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the middle of the day, and continued some hours. The thermometer at 10 p. m.

on the 26th was 28° Fahr., and at 8 a. m. next morning it was 30°.

The river Tay at Perth was observed, on the 27th November, to have had its

waters greatly lowered ;—my informant states, to the amount of from three to four

feet in depth. Attention was drawn to the circumstance, in rather a curious way.

A new water-engine had been, last autumn, contracted to be erected in Perth, for

driving a saw-mill. It so happened, that the 27th November was the day fixed

for trying the machinery, before it was taken off the hands of the contractor.

The water-wheels were set in motion by the stream about 9 a. m., and they went

very well for about an hour, when they suddenly stopped. This excited surprise,

as the wheels had been erected and fixed about a month before, when the water

in the river was particularly low ; so that, when the wheels stopped, there was

an apprehension of some fault in the machinery. But it was soon discovered,

to the great satisfaction of the machine-maker, and I may add of his employer,

that the cause of the stoppage lay not in the machinery, but in the river, the

waters of which had subsided, and left the wheels high and dry. My informant

(who is the owner of the saw-mill) states, that this want of water continued

tiU 2 o'clock p. M., and that at 3 o'clock there was current enough to set the

wheels again in motion. He adds, that the frost at Perth had been slight during

the previous night ; but in the higher grounds, at least, the frost must have been

more severe, for, at Kinfauns, the thermometer had sunk through the preceding

night to 28°.

These are the only other rivers in which (so far as I have heard) the same

phenomenon was observed, which occurred (though much more strikingly) in the

Teviot, Nith, and Clyde, on the 27th of November.

I should add, that, on the 2Sth January last, another desiccation, but to a

more limited extent, happened in the Teviot and in the Ettrick. At Maxwell-

heugh Mill, near Kelso, the bed of the Teviot again became dry. On this occa-

sion, at least, the phenomenon may be accounted for, by the current having been

entirely obstructed at Ormiston Mill, by a dyke or barrier of ice formed along the

lip or edge of the cauld ; for above Ormiston Mill, the phenomenon was not ob-

served. On the same day the river Ettrick, near the schoolhouse of Ettrick, was

likewise reduced to about one-tenth of its usual size.

With regard to stoppages in other rivers at former periods, I shall notice

them very briefly, and shall do so in chronological order.

The Kirtle, a river which runs from Dumfriesshire into the Solway Frith,

stopped, on the 17th February 1748, for five hours : it stopped again two days

after for nine hours, and its channel was dry along seven miles of its course.

The Sark (a river which flows into the Eden near Carlisle) dried up near

Phillipston, in the parish of Kirkandrew, on the 20th February 1748.

On the same day the Liddell, which joins the Esk near Langholm, dried up
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near Penton, in Kirkandrew's parish. The Liddell is there usually from sixteen

to eighteen inches deep.

The Lyne, near West Linton, on the confines of Peeblesshire and Mid-Lothian,

stopped likewise on the same day ; and again on the 25th February in the same

year, viz. 1 748.

The Esk, near Langholm, stopped and remained dry for six hours, on 23d

February 1748 ; and again, two days afterwards. The Esk at this place is, on an

average, from eighteen inches to three feet deep.

The Isla, near Keith (Banffshire), was, on 28th January 1753, dried up for

several hours.

The Tweed, at Peebles, was, on the 14th February 1753, entirely dried up from

6 A. M. to 6 p. M.

The Dovern was dry on the 2d April 1754, between the Rack and the Surry

fords,

—

i. e. for about a quarter of a mile,—and continued so all day. Numbers

of people crossed dry shod.

On the 9th February 1755, the river Beauly, near Kilmarnock and Kiltarlity,

seven miles west of Inverness, became entirely dry during the prevalence of a

hard frost.*

The South Esk, near Brechin, in Forfarshire, went dry in 1813,—the parti-

cular month I have not ascertained. My informant writes, that people might

have crossed the bed of the river, in many places without wetting their feet, that

the mills were all stopped, that salmon were caught with the hand in the deserted

pools, and that the washerwomen who were occupied along the sides of the river

in their peculiar vocation, came home with their clothes unwashed, in a state of

distress and consternation.

I shall now offer some suggestions, with the view of explaining the occur-

rence described in the previous part of this memoir.

It must appear sufficiently obvious to any one, who has attended to the cir-

cumstances above described, that the frost which prevailed in the south of Scot-

land during the night of the 26th November, must have, at least, had a good deal

to do, in the production of that occurrence. Indeed, the bare fact that, on all the

occasions when it was observed in any part of the country, it happened during

the six months intervening between November and April inclusive, strongly sug-

gests this conclusion.

One thing appears abundantly evident, that the phenomenon on this occasion

was in no way connected with an earthquake, as was at first imagined ; and it is

not improbable that, if all the circumstances attending the drying up of the Trent

andtlie Thames, in the 12th century, could be ascertained, they would be found

* For this information, I am indebted to Mr Grierson of Dalgado, near Dumfries, who saw a

notice of the present memoir in the Society's abstract of business.
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not to warrant the explanation which Professor Phillips has suggested. I find

that these remarkable occurrences happened, the one in October, and the other in

April ; so that they occurred at a time of the year, when the frost may have pro-

duced them.

But though frost appears to have had, at all events, a principal share in ac-

complishing the desiccation of the rivers on the 27th November last, it is at first

sight not easy to see precisely the manner in which it operated. The frost then

was not nearly so intense, or so long continued, as at other times, when, how-

ever, similar results did not occur. On the 27th November, the thermometer, in

the south of Scotland, did not sink below 25° Fahr. But, in the previous winter,

it will be remembered, that, in the south of Scotland, it sunk as low as 5°, and

that, for a period of about ten days continuously, it was below 27°. Yet none of

the larger rivers stopped during the continuance of this frost, and it was only ob-

served that they were somewhat lower than usual. It is not easy, at first sight,

to perceive how the frost acted, so as to produce on this one occasion, phenomena

which it failed to produce on other occasions, when it was both more intense and

more protracted.

1. It has been suggested, that the ice formed on the lip or edge of the dam-

heads, arrested the current, and thus dried up the channel in inferior parts of the

river. At Ormiston MiU, on the Teviot, a dyke or barrier of ice, from sixteen to

eighteen inches high, traversed the entire width of the river, and for several hours

prevented the current from flowing towards Kelso. It was observed also, that the

formation of this icy barrier was greatly assisted by a strong easterly wind, which,

by raising a spray on the lip of the damhead, allowed the water along the line of

the cauld to be rapidly reduced to the temperature of the wind.

The effect here described would no doubt be produced, and the explanation

may be sufficient to account for the drying up of the Teviot in one part of its

com-se ; and perhaps it might answer also for some of the other rivers which run

towards the east, and that are crossed by damheads above the places where the

stoppage occurred. But the explanation is much too partial and too local to be

the true one.

(].) For, according to it, the same phenomenon should occur almost every

winter, as there is often a frost accompanied by a high wind, which, whatever be

its direction, would blow against the stream of one or more rivers in some part

of the country. Now this phenomenon, so far from happening every winter, is

of very unfrequent occurrence.

(2.) But, in the next place, the explanation fails entirely in regard to those

parts of the rivers where there are no damheads ; and it has been seen, that, in

the Slitrig, the Euchan, and a number of other rivers, the waters disappeared in

those parts of their course which are situated above any damhead.
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(3.) But even where there are damheads, this explanation is unsatisfactory
;

for, if the current was there obstructed, the water should have accumulated above

them, and, so far from a want of water being experienced by the millers in their

mill-leads, there should have been an unusual supply. But all the mills, except

one, on the different rivers and their tributaries, were stopped from want of

water.

(4.) In the fourth place, if the waters were thus merely arrested for a time,

and not abstracted or excluded from the channels, there would be a prodigious

overflow, or, in other words, a tremendous flood, after the obstruction was re-

moved ; and, moreover, the water would not begin to flow again gradually, but

would burst forth with sudden and irresistible impetuosity. These effects, how-

ever, are inconsistent with what was observed on nearly all the rivers where the

phenomenon occurred. The Clyde only is said to have been a little flooded and

muddy on the 28th November,—which can be accounted for by the sudden thaw

which, by that time, had taken place. The flow had recommenced, however, the

•preceding evening, and it came on gradually.

2. Another theory to explain the phenomenon, might be founded on the re-

markable fact, that, during the night of the 2t)th, and morning of the 27th No-

vember, there was ice formed in large quantities at the bottom of the rivers, which

must, to a certain extent, have obstructed the flow of the water.

(1.) But it appears to me, that this would have had a very opposite effect

from what occurred ; for, if the velocity of the current is generally diminished

throughout the whole course of the river, must it not happen that the waters will

be less rapidly drained off, and thus, so far from the waters entirely disappearing

from the bed of the river, or even diminishing in it, they would appear considerably

swollen.

(2.) This effect would be rendered all the more striking, as, by the supposi-

tion, the bottom of the river is raised by the formation of ice on it. So long as

the river continues to draw its wonted supplies from the springs which feed it,

the circumstance of ice forming on its bottom, so far from tending to lower the

level of the current, would tend only to elevate it.

(3.) Besides, if this were the true explanation, the phenomenon ought to

happen every ivinter, and indeed almost everyfrost which occurs ; because I believe

there are few frosts, during which ice does not form at the bottom, with even

more readiness than on the surface, of running streams.

I may here mention, that the formation of ice at the bottom of running

streams, has been frequently observed in the continental rivers, and especially

the Elbe. But it was never known that the}'^ stopped running, or even diminished

in volume, at this period. On the contrary, they were then observed to be ge-

nerally swollen.
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Perhaps I may be permitted to dwell for a moment on the remarkable cir-

cumstance, that ice should ever begin to form at the bottom of water. It is known

that ice is specifically lighter than water ; and that watei^ itself, after it is cooled

down to 39° of Fahr., becomes specifically lighter, and rises to the surface. It is,

therefore, not easy at first to see how water should, in any case, begin to fi*eeze

ft'om the bottom ; but, nevertheless, there are well authenticated cases of ice form-

ing at the bottom, even when there was no appearance of any at the surface.

This is one of the multifarious subjects which has obtained the attention of

M. Arago. His views will be found in a paper, the translation of which ap-

peared in Professor Jameson's Philosophical Journal for 1833. The phenomena

referred to in M. Arago' s paper, occurred in the Rhine and the Aar. The facts

were fortunately observed by scientific individuals, who watched the gradual for-

mation of the ice in the bed of the river, and ascertained the temperature not

only of the air and the ground, but also of the water at the bottom and at the

surface of the current. The water was found always to have been cooled down

a few degrees below the freezing point ; and the water at the bottom, at the sur-

face, and in the middle, always possessed a general uniformity of temperature.

M. Arago states, that the phenomenon had been observed never to occur in

stagnant water, but always in running streams, and in those places chiefly where

the waters flowed over a bottom bristled with stones, weeds, or other rough sub-

stances. The explanation of the formation of ice in these circumstances, is suffi-

ciently simple. From contact with the air, the upper surface of the water is

cooled down to the freezing point, or to any given point below it. If the water

is stagnant, these cold particles, from their less specific gravity, remain on the

surface ; but the effect of a current is to intermix the particles belonging to the

bottom and the surface respectively, in consequence of which, the whole is re-

duced to the temperature fitted for congelation. But, it may be asked, why, in

some cases, congelation should begin at the bottom and not at the surface of the

stream? There are two reasons for this : (1.) From the obstruction which stones

and other objects on the bottom give to the current, the velocity is less near the

bottom than at the surface, and thus congelation is more possible at the bottom

than at the surface ; for water, when in rapid motion, is found not to freeze

readily. This, then, is one reason why, in streams, ice should form first at the

bottom. (2.) The presence of certain bodies in an aqueous medium, is, in all

cases, known to facilitate crystallization ; than which, a better example cannot

be given than water saturated with sugar, which will remain in a state of solu-

tion till a piece of wood, or even thread or twine, is dropped into it, when in-

stantly crystals of sugar-candy are formed round the foreign body.

Such is, in general terms, the explanation given by M. Arago of the ground-

ice, which has been observed in the German rivers, and which may be seen any

winter in most of our Scotch rivers. It is the kind of ice referred to in the letter
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of the miller on the Clyde, already read, who states that it frequently becomes so

thick as to fill up the interstice between the bottom of his sluice and the channel

of his dam. I believe that this is the origin also of that kind of ice having much

the appearance of melted snow, which often floats down our rivers in great abun-

dance, and which, in Dumfriesshire and Roxburghshire, is known by the name

of " grue." It is not retained long enough at the bottom to be formed into a

solid cake of ice, but by its lighter specific gravity, is able to separate itself from

the weeds or mud at the bottom, and rise to the surface of the current.

But to return from this digression, let me repeat, that the formation of this

ground-ice cannot, by obstructing the flow of the stream, have the effect of lower-

ing its level, and far less of drying it up. The very opposite effect would follow.

3. It must be obvious from these remarks, that no explanation can be the

true one, which assumes that the quantity of water in the rivers on this occasion

remained the same, and was only stopped or arrested in its flow. We must seek

for some explanation which involves, as a principal element, the actual abstrac-

tion or withdrawal of the current from the bed or basin of the river. Now, this

condition would be accomplished, if, whilst the supply of water at their sources

was stopped, the channels in the lower parts of the river remained open, so as to

permit the main current to run off", and thus drain the bed of the river. If the

frost acted in such a way, as to seal up and stop the flow of the springs at the

fountain-head, and yet allow the stream in the deeper channels to flow as before,

then it will not be difficult to see how the phenomenon in question occurred. It

is proper, therefore, to inquire whether this theory is at all supported by observa-

tion, and whether it can be justified on known principles.

That this proposed explanation is, to a certain extent at least, warranted by

observation, is manifest from the letters above quoted ; in all of which it is stated,

that the rivulets, and even the springs, were frozen up and arrested in their flow

on the night of the 26th and morning of the 27th November.

That this should have been the case, when the thermometer sunk in the

course of that night to 26° or 27° Fahr., is quite intelligible. The only apparent

difficulty is to discover in what way the water of the river could be frozen at the

sources, whilst it continued to flow in the deeper channels. It has been shewn

that the thermometer at 3 p. m. on the 26th stood at 32°, that at 1 p. m. it sank

to 26°, and that by 10 a. m. on the 27th November it had returned to 32°. It

may be assumed then, that, on the night of the 26th, there was no frost of any

degree of severity which lasted longer than eight or ten hours. If, then, the

stoppage of the supplies to the rivers in question was affected by the frost, was

there any thing which enabled it to produce, during the short period of its con-

tinuance, a greater effect on the small streamlets at the main sources of the rivers,

than on the main body of the current in the larger channels ? It is not difficult to
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perceive how the frost on the night of the 26th November, acted so as to produce

this effect. It is stated in the letters above quoted or referred to, that, during that

night, there was a strong gale from the east ; a very unusual circumstance when

the temperature is so low as 20°. Now, it is well known that cold, when accom-

panied by wind, acts very differently than when the air is calm. Bodies exposed

to a refrigerating breeze, will be cooled much more rapidly, than when exposed to

air of the same temperature in a state of repose. The rate of cooling is, in fact,

increased, exactly in proportion to the velocity of the wind. Professor Leslie

has shewn, that, whatever is the ordinary rate of cooling of a body over which a

stream of colder air of a certain velocity is blowing, this rate of cooling will be

doubled if the velocity of the wind be doubled, and quadrupled if the wind blow

with four times its previous violence ; or, in other words, it will be reduced to

the temperature of the air in one-half or one-fourth of the time which it would

otherwise require. " We thence gather (says Sir John Leslie), that even a mo-

derate wind will quadruple the waste of heat, and that a vehement hurricane is

capable of increasing the rate of dissipation perhaps fifteen or twenty times.

Hence also the keen impression of frosty winds on our feelings, and their prodi-

gious effects in chilling the surface of the ground. We thus perceive in a strong

light the vast utility of shelter."*

The effect, therefore, of the wind on the night of the 26th, must have been

to cool down to its own temperature, the objects and places exposed to it with

great rapidity. If, at 10 p. m., the temperature of this wind was 26°, we may
assume that, by this time, the surface of the ground which it swept over in fuU

force, had been cooled down to at least 29°,—a degree of cold at which water

in drains, streamlets, morasses, and shallow pools, would be entirely consoli-

dated. But it is obvious that this effect would, by that time, have been pro-

duced only in exposed or unsheltered places. In the glens and valleys, especially

those which were wooded, the surface would not be so rapidly cooled ; and if

they lay in a north and south direction, there would be additional means of

shelter. In proof of this observation, if any were wanting, I might refer to the

state of the thermometer at Drumlanrig (in a low sheltered district), and at Lead-

hills, situated about 1000 feet higher. On the night of the 26th the thermometer

at LeadhiUs was 27°, at Drumlanrig 34°. On Tuesday morning, at Leadhills it

was 29°, at Drumlanrig 30° ; at noon, at Leadhills 31°, at Drumlanrig 35°.

We thus see two distinct and separate reasons wh}'^ the rivers should, on the

night of the 26th November, have had their sources frozen up and arrested, whilst

their currents in the main channels continued to flow with scarcely diminished

rapidity. In the first place, the mere difference of height subjected the sources

to a greater degree of cold, than prevailed in the lower parts of the river's course,

* Experimental Inquiry into Heat, p. 284.



RIVERS TEVIOT, NITH, AND CLYDE. 465

it being well known that the atmospheric temperature diminishes in a certain

ratio with the height.* In the next place, the temperature of the ground in the

higher and more exposed districts would, from the violence of the wind blowing

on them, approximate much more rapidly to that of the air than it would do in

the lower and more sheltered districts. So that, when the former had fallen to

27° or 28°, the latter would scarcely have reached the freezing point. From these

united causes, the water oozing through marshy ground, or trickling along open

drains, or in the channels of streamlets on the hills and muirs, would be suddenly

congealed and arrested, whilst the larger body of water in the bed of the rivers

would continue to flow on unobstructed, and thus effect an entire drainage of the

channel.

It is the last of these causes to which, more particularly, I ascribe the pheno-

menon which has formed the subject of this paper. It is in itself sufficiently sim-

ple, and depends on the plainest principles.

The nature of this cause, serves also to explain the unfrequency of the phe-

nomenon. The severe ft^osts in this country are seldom accompanied with gales

of wind. Our gales are generally from the S. or SW., bringing with them warm
vapours, which are exclusive of frost ; and even when we have easterly gales,

there is seldom sufficient dryness to admit of a very low temperature. But, what-

ever be the cause, it is an undoubted fact, that, in this country, during the pre-

valence of severe frost, the air is comparatively calm. Under these circumstances^

although water at the sources of the rivers must always be more rapidly cooled

than in the lower parts of their course, the difference in their respective rates of

cooling cannot be nearly so great as in a gale of wind, which affects only the ele-

vated and unsheltered districts. In an ordinary frost, the streams, and especially

the springs at the sources of the rivers, are seldom frozen without there being ice

formed in the current of the main channel. When the frost continues a sufficient

length of time, ice will be formed on the surface of the current where it is deep

and sluggish, and at the bottom as well as at the top where it is shallow and

rapid. In this way the flowing of the current becomes obstructed ; so that, in

these circumstances, the river would actually appear more full than usual, were

it not that, in consequence of the freezing of the streams at or near the sources of

the river, much of the supply of water to it, is cut off". In the case of an ordinary

frost, therefore, that is, when it acts with pretty nearly equal effect, both on the

sources and on the main current, there will be no drainage of the channel. It is

only when the frost is accompanied with a high wind, that it is enabled to affect

the sources before it has had time to freeze, the larger bodies of water having a

rapid motion, flowing at a lower level, and in a sheltered situation.

There is only one other point necessary to be adverted to, in order to com-

* The temperature sinks 1° of Fahr. for about every 350 feet.
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plete the account of this phenomenon. The frost and gale of wind from the east

which produced it, ceased on the forenoon of the 27th November. This change

appears to have been brought about by the occurrence of a severe storm, or rather

a hurricane, which came from southern latitudes. This is the storm alluded to

at the outset of the paper, during which the barometer reached a great depres-

sion. In fact there were two storms, one following close upon the other, and

which reached the British Islands on the 26th and 28th respectively, moving in a

northerly direction. On these days, they descended low enough in the atmosphere

to sweep over the surface of our islands. That they had previously affected the

upper regions of the atmosphere, is shewn by the fact, that, so early as the night

of the 25th, the barometer began to sink all over the British Islands, and, not-

withstanding the prevalence of the frost and easterly gale of the 26th, which are

calculated to elevate the mercury, the barometer continued to sink constantly and

regularly until the 29th, Avhen the most violent part of the storm occurred. On
the 25th and 26th, therefore, it may be assumed, that the higher regions of the

earth's atmosphere over this portion of the globe had become loaded with wann
vapour brought by the storm, the upper part of which was in advance of that

part sweeping along the surface of the globe ; and hence, on the forenoon of the

27th, by which time the storm had approximated to this part of the earth's

surface, the temperature suddenly rose, a:nd the easterly gale as suddenly mo-

derated.

Had it not been for the advent of these two storms to this part of the globe,

at the exact period now mentioned, our rivers, instead of remaining dry for only

twelve or fourteen hours, might have continued in that state for a much longer

period, to the inconvenience and injury of many thousands of persons, dependent

on the flow of their Avaters for employment and subsistence.



( 467 )

XXIV.

—

Notice of Two Storms which swept over the British Islands during the last

week of November 1838. By David Milne, Esq., F. R. S. E., F. G. S.

Read 15th April 1839.

Previously to the 25th and 26th November 1838, there had prevailed in

Great Britain and Ireland, for more than a week, a steady wind from the NE.,

accompanied with frosts, a progressively rising barometer, and tolerably clear

weather. The same sort of weather existed on the Continent, and over a large

portion of northern Europe, both on sea and land.

This state of things was changed, by the arrival of two storms from southern

latitudes, which passed over the British isles during the last week of November.

These two storms, until they reached this part of the globe, were separate. The

first one reached the British seas, about thirty-six hours before the other. But

the second moved with about double the velocity of the first, and overtook the

first somewhere about the north ofIreland and south-west of Scotland. According-

ly, in the southern parts of England, there were distinct indicia of two difierent

storms, each having its own period of arrival, veering, and cessation ;—whilst to-

wards the north, these indicia became gradually less distinguishable, and were at

length significant of only a general gale.

It is my purpose in this paper, to state some of the most prominent signs and

effects of these storms, with the view of shewing the direction in which they tra-

velled,—the rate of their progressive motion,—and the range which each of them

appears to have had over the surface of the globe. I shall also add some remarks

as to whether they had a rotatory motion.

On the 25th and 26th November, the easterly wind still continued, and,

on the last of these two days, it was accompanied, in the south of Scotland

especially, by severe frost. By this time, the first of the two storms I am
about to describe, had reached our atmosphere, though it affected only the up-

per regions of it. The barometer had already begun to faU, notwithstanding

the severe frost and easterly wind, which, as is well known, have the effect of

elevating the mercury. Hence it is obvious, there must have been in the higher

parts of our atmosphere, some causes which more than counteracted the effect

of the frost and east wind existing in the lower regions, and, on the whole, to

produce a sensible diminution in the weight of the atmosphere.

It will be seen by the following table, constructed from registers kept in dif-
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ferent parts of the United Kingdom, that the sinking of the barometer on the 25th

November took place every where, and was therefore produced by no merely local

cause, but by one which affected the entire mass of the atmosphere in this part

of the globe. This table shews the time when the barometer began to sink in

different parts of the United Kingdom ; and as the places are chronologically ar-

ranged, we can pretty nearly determine in what quarter the sinking commenced,

and in what direction the tendency to sink was propagated.

At Adare Abbey* (near Limerick) Barometer began to sink on 25th Nov. between 1 a. m. and 9 a. m.

... Aberavon (near Bristol) 9 a. m. and 10 p. m.

... Farnborough (near Brgshot)t 10 a. m. and 11 p. m.

... London (Somerset House) 9 a. m. and 3 p. m.

... Greenwich Observatory 3 p. j,. and 9 a. m. on 26th.

...Liverpool noon and noon on 26th.

... Sunderland 9 a. m. and 9 a. m. on 26th.

... Abbey St Bathan's (Berwickshire) 10 a. m. and 3 p. m.

... Castle Toward (Firth of Clyde) 9 a. m. and 6 p. m.

... Edinburgh Observatory about 5 p. m.

... Inchkeith, Bell Rock, Pladda ")

9 A. M. and 9 p. m,
}Mull of Kintyre, Isle of Man

... Cameron House (Loch Lomond) 10 a.m. and 10 p.m.

... Kingussie (Inverness-shire) about 7 p. m.

... Kinfauns (Perthshire) 84 p. m. and 94 a. m. on 26th.

... Kinnaird Head (Aberdeenshire) 9 p. m. and 9 a. m. on 26th.

... Inverness 8i p. m. and 9i a. m. on 26th.

This table, so far as it goes, shews that the sinking of the barometer, and conse-

quently the change in our atmosphere which produced that sinking, commenced

in the south, and that it was propagated towards the north or north-east at the

rate of from twelve to sixteen miles an hour.

Thus it appears that, in Scotland, on the evening of the 25th, the barometer

began to sink ; and I may now add, that it continued to sink, except for a short

interval to be afterwards mentioned, till the 29th, when it reached the lowest

depression. Its fall on the 25th and 26th was every where rapid ; but notwith-

standing this, there still prevailed in the lower atmospheric regions of Britain,

on the 26th, and even on the morning of the 27th November, an easterly wind

and severe frost, the well known concomitants of a high and rising barometer,

—

shewing clearly that the upper regions of the atmosphere were in a very different

state, from those parts contiguous to the earth's surface.

* This register is kept by Viscount Adarr. From the 25th to the 30th November, observations

were made on the barometer, thermometer, and direction of the wind, several times during each day,

and on the 28th every half hour.

f The observations at Farnborough were made by the Honourable and Reverend Charles Harris

(a son of Lord Malmesbury). They were sent by him to Professor Forbes, accompanied by an ex-

tract from the Adare register, and Professor Forbes obligingly put them into my hands.
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That portion of the storm (I speak now of the first storm) which swept the

sm'face of the globe, impinged on the south coast of Cornwall about noon on

Monday the 26th November. The gale which sprung up there was so violent, as

to drive ships from their anchors, and wreck several. I find from the registers

kept at Penzance, Truro,* Fowey, Falmouth, and Milford (published in Lloyd's

List and other maritime papers), that this storm commenced there with the wind

at E.,—that in the afternoon it veered to SE.,—and that, by 11 p. m., it was

blowing due S. At day-break next morning, the wind had got a little to the west

of south. By noon on the 27th, at the above places, it had shifted to due W.,

and in the afternoon of that day, it varied between W.SW. and NW. There

was much thunder and lightning at Portsmouth, Pljrmouth, and other sea-port

towns.

That this storm was a most severe one in those places which it reached,

will be seen by the following account, dated Penzance, 27th November. " Last

night a gale came on from the S.SE., which veered to S., and this morning in-,

creased to a Hurricane, and a heavier sea we have not witnessed for many years.

At 3 p. M. to-day the storm abated, and the wind veered to NW., Avhich will soon

cut down the sea." At Falmouth, the wind veered to W.NW. about noon on the

27th, and moderated. In the evening, at Penzance, it fell calm ; and along the

whole coast, the wind at night moderated,—the storm having passed away, as we
shall immediately find, to the northward.

This storm lasted, therefore, in the south coast of England, little more than

twenty-four hours, and ended at and near Penzance, with a wind blowing in a di-

rection exactly opposite to that with which it begun. This is one circumstance

which suggests the idea that the storm had a rotatory motion, according to the

theory of Redfield, lately illustrated in Colonel Reid's popular work on the Law
of Storms. As to this point, more immediately ; meanwhile we may trace the

progressive motion of the storm.

The gale commenced at Cork about 11 a. m. on the 26th, with the wind at

S.SE. It did not reach Dublin till about half-past 3 p. m. The register at Farn-

borough, near Bagshot, shews its arrival there to have been at night on the 26th,

with the wind at S.SE., it having been previously at E. It begun in the Isle of

Man on the morning of the 27th, with the wind also at S.SE, and at 9 p. m. it

had there veered round to due S. A correspondent at Carlisle has sent me an

extract of a register, from which I observe that the gale was felt there in the

morning of the 27th November blowing SE. by S. From the northern Lighthouse

registers, extracts of which Mr Stevenson has kindly afforded me, I learn that

the storm reached Lismore (on the west coast of Scotland) on the evening of the

* At Truro, there were light breezes from W.SW. at 9 a. m. on 26th. Shortly before noon, the

wind chopped suddenly round to east, and blew a gale. From the other places above mentioned there

were similar accounts received.
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27th,* and that it did not reach Tarbet Ness and Cape Wrath till the following

day, viz. the 28th, i. e. about a day after it had entirely ceased in the southern

part of England.

Thus, then, by noting the different places at which this gale successively ar-

rived, and marking the time taken in passing from one place to another, we find

that it had a progressive motion to the north, altogether independent of the di-

rection of the wind ; and that the rate at which it travelled to the north, was

about ten or eleven miles an hour.

There are other facts which confirm this inference, and help us moreover to

approximate to the probable track or path which this storm followed, in its course

northwards. I have mentioned that the wind veered or shifted during the gale

from E. to W. As this veering occurred at every place comprehended within the

limits of the storm, the period of its occurrence becomes an element in the calcu-

lation, as important as the periods of its arrival and cessation. Now, I find that

the veering from SE. to S.SW., which happened in Cornwall during the forenoon

of the 27th, did not happen at DubUn till the evening of the 27th, and that the

storm ceased there during the night. At Plymouth the wind veered to the west-

ward about 9 p. M. on the 27th. I find also from the Lighthouse returns, that

the westerly gusts, which may be considered the expiring breath of the storm, and

which were felt at Truro and Penzance shortly after ?ioon on the 27th, did not

begin at Pladda (off" the coast of Ayr) till the night of the 28th.

These, and other similar data too minute to be detailed at length, lead to the

conclusion that this gale travelled northwards up the Irish Channel, and at a rate

of about ten or eleven miles an hour, a result exactly the same as is brought

out by the previous calculation.

The storm must have come, then, from southern latitudes. This inference

is fully confirmed by the accounts brought by ships that were navigating the

seas, off the coasts of France and Spain.

I find that, at Royan, near the mouth of the Garonne, a stoi-m commenced

on the 21st, with the wind at E.NE. On the 22d it veered to SE., and ultimate-

ly to S., after which it moderated, and the gale ended at Royan on the 23d. In

the north part of the Bay of Biscay, at the mouth of the Loire, the gale continued

on the 23d.f Off Capes Ortegal and Finisterre, (on the north-west coast of Por-

tugal), there was a severe gale, which dismasted several vessels.:]: Going stiU

* This statement is confirmed by other registers. At Cameron House, on Loch Lomond, an ac-

curate register is kept by Mr Smollett of the wind and weather; from which, it appears that the gale

commenced there on the evening of the 27th, with the wind at E.NE., accompanied by snow.

t On the 23d November, the William and Robert was seen waterlogged in Lat. 48° and Long. 3°.

X The names and exact positions of these vessels may here be stated. The Ellen experienced a

heavy gale from S.SW. in Lat. 43° 10' and Long. 10° 13'. The Everton oi Dundee encountered it in

Lat. 44° 51' and Long. 10° 12'.
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farther south, I find there was a storm at Gibraltar on the 21st, which veered

to due W. at night, and by which several vessels were wrecked.

It is extremely probable, that it was one and the same storm which was felt

at all these places,—being at Gibraltar on the 21st, travelling northwards on the

22d through Portugal, traversing the Bay of Biscay on the 23d and 24th, and ar-

riving at the British Islands on the 26th. This inference rests not merely on the

circumstance of its having the track, which its progress in our own country would

lead us to expect, but of its having also travelled at very nearly the same rate

which belonged to the storm that passed through the British Islands. For, reckon-

ing the distance betwixt Gibraltar and Great Britain 1000 miles, we find that it

travelled northwards at a rate of about nine miles an hour, whilst, as previously

shewn, the storm in this country moved progressively northwards, at the rate of

about ten or eleven miles an hour.

As to the question whether this storm had a rotatory motion, I confess that

the facts which have come within my reach have not enabled me to form a very

decided opinion ; but, on the whole, I am inclined to think that it was rotatory,

and that the rotatory movement was from right to left, or, to use Colonel Reid's

simile, contrary to the hands of a watch. I have already alluded to one circum-

stance which supports this view, viz. the veering of the wind from SB. to NW.
This occurred at Penzance, and I may now add, that the same thing was observed

in the Scilly isles on the 27th November. In the morning of that day, the wind

there was SE., in the evening it was blowing NW. According to the rotatory

theory, the inference from these facts would be, that the centre of the storm passed

in its course northwards near the Scilly Islands. If the wind was rotating from

B. to W. in the north semicircle, then it is obvious that all the places situated to the

east of the centre, and within the range of the storm, would have the wind suc-

cessively SE., S., and SW.,—whilst all the places west of the centre, would find the

wind veering round in the opposite direction, viz. NE., N., and NW. This corol-

lary was to a certain extent confirmed ; for, at Penzance, Truro, and other places

in the south of England, the wind veered with the sun, according to the seamen's

phrase. But, at Limerick, and other places on the west of Ireland, it veered in

the opposite way. On the evening of the 26th, it there came round from the

eastward to north, and afterwards to NW.
But the argument which chiefly influences me to adopt the rotatory theory,

is the slow progressive motion of the storm, compared with the velocity of the

wind. The progressive motion of the storm was, we have seen, something be-

tween nine and eleven miles an hour. Now the motion of the wind in the storm,

could not have been less than fifty or sixty miles an hour. The wind in the

storm had therefore a velocity and a direction independent of, and different from,

the velocity and direction of the storm itself.
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There is another circumstance which favours the idea that the wind in this

and other similar storms was blowing in circular tracks, as in a whirlwind. If the

storm had a northerly or north-easterly progressive movement, as well as an in-

dependent gyratory movement, the wind blowing from the south or south-west

should be stronger than the wind from any other quarter, because, in that case,

the progressive and rotatory movements would coincide. On the other hand, the

northerly wind of the storm ought, for the same reason, to be the weakest. This

inference was fully verified, by what was observed during this storm on the 26th

and 27th November. It was the gusts from the south and south-west which

were the most violent.

With regard to the extent and range of the storm, the data collected are not

such as to enable me to speak very precisely. I find that, on the 23d November,

when the storm was traversing the Bay of Biscay, a vessel from Mirimichi to

Liverpool was dismasted by it in Lat. 48 and Long. 24. This would shew that

the storm had a diameter of at least 900 miles. On the 24th and 25th Novem-

ber, a vessel from Liverpool to Batavia encountered this storm, about 600 miles

to the west of the Land's End.* This first storm appears to have lost much of its

force before it reached Scotland, the western parts of which only were affected

by it, and that but slightly.

That the storm just described, was quite distinct from the one which I shall

next notice, is evident from the fact of the wind having entu'ely died away before

this second storm commenced, and of its having then sprang up from a totally

different quarter, and that not till after an interval of several hours. The follow-

ing account is given of the way in which, at Southampton, the first storm ended

and the second commenced. About 2 a. m. on 28th, the wind " moderated, and

a light air sprung up from the westward. But it did not last long ; for it came a

whole spout of wind from the S.SE., and then S., and now (in the evening) it is

blowing hard from S.SW., with every appearance of a dirty night." A similar

account is given from a coiTespondent at Penzance :
" After nightfall (on the

27tli), the weather almost suddenly fell nearly calm, and a most beautiful ap-

pearance the moonlight had, till that luminary set, and for some time after. But

about five or six o'clock this morning (the 28th), the storm came on with re-

doubled fury, and the sea raged so furiously that nothing could brave its power.

Our quay, particularly the newly erected part, is in imminent danger, and will,

we fear, be prostrated before the tide ebbs." In like manner, at Truro, it is stated

that the wind, which shifted about noon on the 27th to W.NW., moderated in the

afternoon of that da}'-. A light breeze from W.NW. continued till 4 a. m. on the

28th, when the wind suddenly shifted round from SE., and " blew a hm-ricane."

At HuU the first gale abated at day-light on the 28th, and during the whole of

* The position of these vessels was shewn to the Society, on a large map of the Atlantic.
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that day the weather continued moderate ; but, in the evening of the 28th, the

second storm commenced with great fury.

Even as far north as Liverpool, a distinct interval was observed between

the departure of the first and arrival of the second storm ; a transient calm having

occurred there before the second gale commenced on Wednesday afternoon. I

may add, as an additional proof of these two storms being quite distinct, that the

barometer in all parts of the British islands underwent a temporary rise. On
the 26th November it rose, at Adare Abbey, in the morning, 1-10th of an inch ;

at Fairnborough (near Bagshot), half a tenth, in the forenoon of that day ; at

Greenwich Observatory, 1-100th part between 9 a. m. and noon. At Sunderland,

the barometer, after sinking to 28.50 at 2 p. m. on the 27th, rose to 29.07 at

9 A. M. on the 28th, when it recommenced falling. At Kinfaims it rose, on the

27th, 32-100, between 9^ a. m. and 8^ p. m. At Kingussie (fifty miles south-west

of Inverness), it rose on the 27th, betwixt 4 and 8 p. m., 26-lOOth of an inch.

At Inverness, it rose about half an inch, during the night of the 27th and morning

of the 28th.

It is not my purpose to describe the effects of this second storm, by relating

the damage occasioned by it, except in so far as these may afford an estimate of its

violence, and indicate the places where that violence was greatest. It was the

south and south-west parts of England, and the whole of Ireland, which were

most severely dealt with. Parts situated to the east were comparatively little

affected. At Ljnne Regis, in Devonshire, the storm was so furious, as to blow off

not only tiles but immense sheets of lead from the roofs of houses. In Plymouth,

London, Bristol, Liverpool, Dublin, Belfast, it threw down stalks of chimnies in-

numerable, unroofed many houses, and blew down several which were building.

At Teignmouth (near Exeter), as at other places in the south-west of England,

the gale came on with the wind at south-east. The following is an account of

its effects and progress at Teignmouth, written on the spot. At 1 p. m. on the

28th, " it blew a perfect gale, the sea running mountains high,—when all of a

sudden the wind chopped round to south and south-west, and blew a tremendous

hurricane. Its effects upon the sea, at the time tumbling in from the eastward,

presented a curious sight,—the top of each wave hurled up into the air in one

raging foam. Near the time of high-water, the sea made a breach over East

Teignmouth church-yard wall, as well as the Baths, and rushed down the streets.

In some parts of the town, the water was nearly two feet deep. Every thing was

at a stand-still,—no business doing at the custom-house, bank, or other public

places." At Ardglass, on the north-east coast of Ireland, two lighthouses were

blown down, one of them a new one scarcely finished, and containing about 400

tons of stones. In the south of England, the hail was driven with such violence,

as to destroy some millions of panes of glass in the conservatories The light-

ning is described as having been, in London and Portsmouth, peculiarly vivid, and
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the thunder awfully loud. Some of the largest trees in the parks about London

were uprooted. Considerable injury was done by lightning, not only in London,

but in most of the towns of the south of England.

I am inclined to think that this, the first great storm of the bygone winter,

was, on the whole, not so severe as the storm which occurred on the first week

of January 1 839. But if the lowness of the barometer be any criterion, it was in

some parts of the country even more violent. In London, Liverpool, Wigtonshire,

Ajrrshire, the barometer was lower on the 29th November, than it was on the

7th January. In London it was 4-lOths lower. In Edinburgh it was pretty

much the same on both occasions, viz. 27.7, which is the mean of all the obser-

vations.

This storm was experienced first on the south-west coast of Ireland. I learn

from the meteorological register kept at Adare Abbey (near Limerick), that it be-

gan there about 2 a. m. on the 28th. It reached Cork about 3 or 4 a. m. the

same morning ;
* Penzance, Truro, and Falmouth, about 5 a. m. ; Milford, about

7 A. M. ; Plymouth, about 9 a. m. ; Fairnborough (near Bagshot), about 10 a. m.

It did not reach Coloony, in the north-west of Ireland, tiU about noon on the

28th.

At all these places there had been, as previously mentioned, if not a calm,

light airs from the westward. But at the hours just specified, the wind suddenly

sprung up from the south-east, blowing with great violence.

This storm had a much wider range, and it endured for a longer period, than

the one previously described. It was not till the forenoon of the 30th, that it

ended in the south of England, when, as will be immediately seen, it passed, like

its precursor, to the northward,—continuing, therefore, rather more than two

days before it ceased in that part of the island.

The progressive movement of this storm, was more rapid than that of the

first. I have said that it began near Limerick at 2 a. m. on the 28th. It reached

Dublin and Liverpool about 1 p. m. ; Glasgow at 3 p. m. ; Kirkcaldy (Firth of

Forth) between 4 and 6 p. m. ; and Redheugh coast-guard station, near St Abb's

Head, at 6 p. m. At all these places, it begun in nearly the same way, viz. with

the wind from SE. At Cuxhaven (at the mouth of the Elbe) the frosts did not

give way till the night of the 28th, and next morning the gale commenced there

with the wind from SW. From these data, it results, that the storm travelled

in a north or N.NE. direction, at the rate of about twenty miles an hour.

This inference, from the time when the storm begun at different places, is

confirmed by observing the time of its veering from SE. to SW. or S.SW., at these

and other places. The following table presents a number of places, chronologi-

cally arranged, where this veering successively occurred.

* The St Patrick steam-vessel, which left Liverpool on the 27th, w£is wrecked on the Irish coast at

5 A. M. on the 28th November. She was overwhelmed by the first gusts of the second storm.
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At Adare Abbey (Limerick), wind veered from SE. by E. to SE. by S, on 28th Nov,

... Falmouth, Fowey, &c.

... Penzance and Milford,

... Farnborough (Bagshot),

... Portsmouth,

... Greenwich Observatory,

... Liverpool,

... Dublin, Killough, Dundalk, &c.

... Calf of Man,

... Paris Observatory,

... Hull,

... Carlisle,

... Redheugh Coast-guard sta-

tion (St Abb's Head),

... Kirkaldy (Firth of Forth),

a-"i

SE. to S.SW.

? to W.SW.
SE. to SW.

S. to SW. & W.SW.
SE. by S. to SW. by S

SE. to SW.

SE. to SW.

SE. to SW,

S.SE. to S.SW.

S.SW. to SW.

S. to SW.

SE. to SW.

SE, to SW.

at noon.

at 2 p. M.

about 3 p. M.

about 4 p. M.

about 9 p. M.

after 2 p. m. and before 9 a. m.

in evening. [on 29th.

at night,

after 9 p, m.

after 9 p. M. and before 9 A. M.

on 29th Nov. at 4 a. m. [on 29tb.

betwixt 11 A. M. and 3 p. m.

betwixt 11 A. M. and 3 p, m.

in afternoon.

This table tends to shew, that the veering in the storm took place succes-

sively in a N.NB. direction, and that it advanced at the rate of about seventeen

miles an hour,—which does not differ materially from the previous calculation.

A similar result is obtained, by marking- the period at which the barometer

reached its lowest point, assuming that this depression was occasioned by the

storm.

At Adare Abbey (Limerick), . Barometer was lowest on the 28th Nov. at 4 p. m."

... Markree,near Coloony, (NW, of Ireland), at 11 p. m.

XI 1. 1- /T> 1. ^\ /after 2 P.M. and before
... Farnborough (Bagshot), | 10 a.m. on 29th Nov.

J
J f Royal Society's observer (Somerset House), 29th Nov. at 24 a.m.

•-Troughton and Simm's observer (Fleet Street), 28th Nov. between 5 and 8 p.m.

„ . ^, ( after 9 p. m. and before
... Paris Observatory, . . -J'

.
*- 9 a.m. on 29th.

... Wisbeach (Cambridgeshire),
(after 4 p.m. and before

'- noon on 29th.

... Bonjedward (Jedburgh), . 29th Nov. at noon.

... Edinburgh College (Professor Forbes), at 12 h 16 m.

... Glasgow Observatory (Professor Nichol), at 12 h. 20m.
... Cameron House (Loch Lomond) between 10 a. m. and 10 p. m.

... Leith (A. Mackenzie), . . atl2h. 24m.

... Clangregor Castle, near Stirling, at 1 p. m.

... Thurston (Dunbar), . . about 2 or 3 p. m.

... Kingussie (Inverness-shire), . at 3 p.m.

... Kinfauns (Firth of Tay), . about 8^ p.m.

... all the Scotch Lighthouses north of Isle) f after 9 p. m. and before

of May latitude, . . -* <- 9 a. m. on 30tb.

This table does not specify the moment of greatest depression, at all the places,

so precisely as could be wished for ;—but, so far as it goes, it shews that there was
an interval of about twenty-six hours, between the greatest barometrical depres-

* In this table it has not been thought necessary to reduce the time.
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sion in the south of England, and the greatest depression in Perthshire,—so that

it was propagated in a northerly direction, at the rate of about sixteen miles an

hour.

As to the period when the storm ceased, I have mentioned that it was in the

forenoon, or rather in the morning of the 30th, in the south of England. It seems

to have ceased in the evening of that day, in the south of Scotland, When it

ended in the west and north-west coast of Ireland, the wind was blowing from

about W.NW. But in England and Scotland, it was then blowing from the

west, or a point to the south of west. This difference in the direction of the

wind, at different places, is not only consistent with the theory of rotation, but is

an important confirmation of it. For if the centre of the stormy circle passed to

the west of the British islands, then it would be a segment only of the circle

which swept over them, and, in that case, the wind would not, at the end of the

storm, blow in a direction exactly opposite to that with which it began. At Holy-

head, Liverpool, Applegarth (Dumfriesshire), and Catrine works (Ayrshire), the

storm ended with the wind at SW. or W.SW. At Limerick it was W. by N. At

Barrahead (one of the Hebrides), and at Lismore (off the coast of Argyleshire),

it varied from W. by N. to W.NW., so that these last-mentioned places were pro-

bably not far from the storm's centre, which nowhere, however, impinged on the

British islands.

If this view of the matter were correct, viz. that the centre of the stormy

circle was to the west of the British islands, it is evident that the veering ought

to have been more rapid on the west coast of Ireland, than in places situated more

to the eastward ; and farther, that the same angle of veering should have re-

quired a longer period. This inference is fully confirmed by the registers. At

Adare Abbey, where the direction of the wind was carefully observed, and re-

gistered every half hour, the wind veered 133° in twenty-four hom-s. At Penzance,

during the same period, the wind veered 112°; at Fairnborough, 73°; at the

Greenwich Observatory, 79° ; at Rhins of Islay, on the south-west coast of Scot-

land, 67° ; at Kinfauns, 90° ; at Paris only 35°.

It farther appears that, on the west coast of Ireland, the storm passed awav
much more quickly, than in places situated farther eastward. At Limerick, it

does not seem to have continued longer than twenty-eight and a half hours ;

—

in London and its neighbourhood, it lasted fully two days ;—in Paris, three days.

There is still another test of the correctness of the above view, which is

available. If the most violent part of the stormy circle, lay to the west of the

British islands, the depression of the barometer ought, during the storm, to have

been greatest in places situated to the west. This inference is also remarkably

confirmed by the fact, as the following table shews.
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Table arranging Places where the Barometer stood at equal heights^ or nearly so, during the Storm of 28th and

29th November 1838.

1 2 3 4 5

Paris Observatory, 29.04 London (R. Soc.) 28.68

(Fleet St.) 28.70

Greenwich Observ. 28.67

Farnborough, 28.70

Wisbeach . 28.54

Startpoint (Orkney) 28.44

Falmouth . 28.30
Aberavon . 28.38

Cardiff . 28.39

Liverpool . 28.15

Applegarth (Dumf.) 28.12
Isle of May L. H. 28.16
Bell Rock L. H. 28.17
Kinnaird-head 28,12

Means = 28.49

Range := .10 Means = 28.35

Range = .09Means = 28.69

Range — .03 Means = 28.14

Range = .06

6 7 8 9 10

BoDJedward, 28.08

Abbey St Bathan's, 28.08

Buchanness L. H. 28.10

Ettrick School 28.00

Edlnb. College 27.99

Observat. 28.02

Kinfauns . 28.06

Girdleness L. H. 28.04

Tarbetness L. H. 27.99

Isle of Man . 27.97
Catrine (Ayrsh.) 27.89

Corsewall L. H. 27.95

Glasgow Observ. 27.94
Loch Lomond . 27.91

Lismore L. H. 27.93

Kingussie . 27.91

Dunnethead . 28.00

Dublin . 27.60

Barra L. H. . 27.80

Rhins of Islay 27.79

Cape Wrath L. H. 27.77

Coloony (Sligo) 27.66
A dare Abbey 27.49

Means = 27.62

Range =: .06Means = 28.08

Range = .04 Means = 27.69

Range = .20 Depression.

At Paris . 29.04

... Adare . 27.49

Means = 28.01

Range = .06

Means = 27.94

Range =: .11 Difference =i 1.66

In this table, the places where the lowest depression of the barometer was

observed, have been so arranged, as to group together those where the barometer

stood at the same height, or very nearly so. The height of the barometer has,

in this table, been reduced to the level of high-water mark, as well as in most

instances to the temperature of 32°. There is every reason to believe, that the

observations at all the places, except at the lighthouses, indicate the lowest point

which the barometer reached. At the lighthouses, the statement is given in the

returns only at intervals of twelve hours,—viz. 9 a. m. and 9 p. m. The depres-

sion in all of these returns is therefore a little too high. But the error in those

used in the above table, will hardly exceed 1-1 0th.

On examining the above table, it will be seen, that the places arranged as

now explained, lie in lines or narrow bands, which traverse the British islands in

a north or N.NE. direction,—that all the bands are parallel, or nearly so,—and

that in each band, the depression becomes greater towards the west.

I think, therefore, that the barometrical observations confirm very strongly

the inference, drawn from other data, that the most violent part of this storm was

situated very considerably to the west of the British islands, and that the storm

travelled in a N.NE. direction.

The next observations to be noticed, have a special bearing on the magnitude
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or extent of the storm, and the track which it followed over the surface of the

globe.

It has been shewn, that the storm must have extended far to the west of the

British islands. It can also be shewn, that it stretched considerably to the east-

ward. The meteorological register kept at the Paris observatory, under the super-

intendence of M. Arago, records a storm which begun there on the morning of

the 28th November, and continued till the 1st December. During this period,

the wind veered (between 9 p. m. on the 27th of November, and 9 a. m. on the 1st

December), from SE. to SW. The most violent part of the storm occurred be-

tween noon on the 28th and 3 p. m. on the 30th ; and the barometer reached its

lowest depression sometime between 3 p. m. on the 28th and 9 a. m. on the 29th.

In all these respects, the coincidence with the registers at Greenwich, and other

places in England and Ireland, is so complete, that there cannot be a doubt that

it was the same storm which was recorded at aU of them. At Groom' s-hill,

Greenwich, where the direction and strength of the wind are noted twice a-day,

the register shews that the gale commenced on the evening of the 28th November,

and ended on the afternoon of the 30th, during which interval the wind veered

from E. to SW. The most violent part of the gale was there comprised betwixt

the afternoon of the 28th and night of the 29th. The Paris and Greenwich re-

gisters thus also afford additional proofs of the truth of the remark before made,

that the amount of veering, and the rate of progressive movement, diminished

towards the eastward.

The storm thus reaching beyond Paris with its eastern limb, and having its

central parts situated to the west of Ireland, must have had a radius of at least

550 miles, and extended therefore more than half across the Atlantic ocean. It

is natural to suppose, that, if this inference be correct, ample evidence of it should

be found in Lloyd's List, and other records of maritime disasters.

On examining the Shipping Gazette, and other papers, I find that, at

Royan, near the mouth of the Garonne, there was a storm on the 27th, 28th, and

29th. It there begun at S. and veered to W.SW. on the 28th, accompanied by a

very heavy sea. At Oporto, the storm commenced on the 24th, and continued

on the 27th, by which time the wind had veered to W.SW., and dismasted several

vessels there. At Lisbon (180 miles south of Oporto), the storm commenced on

the night of the 23d, with the wind at S. ; it veered to SW. on the following day,

and caused wrecks on the coast. So violent was this gale off" the north-west

coast of Portugal on the 28th November, that the Falmouth steam-packet was

obliged to take shelter during that day and the next, in Vigo Bay. The storm

ended there on the night of the 29th, and the steamer proceeded on her voyage

to England on the morning of the 30th. Proceeding stiU farther south, I find

notice of a storm at Madeira on the 23d, which drove a number of ships fi-om

their anchorage, and caused others to slip their cables and run to sea. Now, it
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will be remembered, that it was about two or three in the morning of the 28th,

that the storm commenced in the south coast of Ireland, which is distant about

1500 miles from Madeira, and about 1000 from Lisbon.

Assuming that this was one and the same storm which visited all these

places, then it travelled about the rate of nineteen miles an hour, which agrees

very nearly with the rate of its progressive motion in this country.

I have shewn, that it is highly probable that the most violent part of this

storm lay considerably to the w^est of the British islands : in which case, if it as-

sumed a circular form, it must have stretched far across the Atlantic. We find,

accordingly, abundant evidence of a very violent storm in those parts of the

Atlantic where we would expect such a storm to have been. Without, however,

entering into a proof merely of the range or extent of the storm, I shall proceed

at once to furnish proofs of its rotatory movement.

On the 28th November, the John and Mary, when near the Scilly Isles, was

dismasted about 5 p. m. by a hurricane from W.SW. On the same day, the

George IV., on her voyage from St Michael's, in Lat. 47° 10' and Long. 9°, en-

countered the storm, and was laid by it on her beam ends. The wind with her

varied from S.SW. to W.SW. On the previous day, a vessel from Cardiff to Malta

had, in Lat. 49° and Long. 14°, lost her bowsprit, bulwarks, &c., with a man
washed overboard. The position of the vessels just mentioned will be seen, on

referring to a map, to have been scarcely beyond the meridian of the British

islands. The next case to be mentioned is that of a vessel situated more than

half-way across the Atlantic. The schooner Brandon, of Liverpool, from New
Orleans to Glasgow, lost both her masts in a tremendous north-west gale, on 28th

November, in Lat. 42° 45', and Long. 32° 34' W.

Now, assuming that the storm which the Brandon encountered, was the one

which, on the same day, was raging in the British islands, the Bay of Biscay,

and Portugal, we have this most important point established, that, when the

wind in this storm was, in Lat. 42° and Long. 32°, blowing NW.,— it was at

Oporto blowing SW. or W.SW. ;—at Royan, S. ;—at Paris, S.SE. ;—at Greenwich,

SE. ;—in Perthshu'e, E. by S. ;—at Coloony, in the north-west of Ireland, " stea-

dily from the east ;"—at Limerick, SE. by E. But this is not all ; for, on the

28th, 29th, and 30th, the " Great Western" steam-ship happened to be on her

passage from New York to England, and, from her log, I extract the following

statements.* On the 28th, she was in Lat. 42° 84', and Long. 52° 1'. The wind

with her at that place was "westerly," the weather "moderate and cloudy, with

heavy swell from N.NET On the 29th she reached Lat. 43° 57', and Long.

46° 59'. The entry on her log for that day is, that the wind was " variable and

south-westerly ;" and the entry in the weather column is, " light breezes and

dark hazy weather, with a heavy N.NE. swelV This heavy N.NE. swell is just

* Published in the Shipping and Mercantile Gazette, 10th December 1838.
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what we should expect to have been raised in this part of the Atlantic, by a

storm rotating from the east round by the north. Such a swell could have been

generated only by a N.NE. gale in that part of the Atlantic situated to the N.NE.
of the position of the Great Western on the 28th and 29th November. Observe

next the entry in her log of 30th December, when she reached Lat. 45° 28',

and Long. 41° 59'. " Squally unsettled weather. Strong gales. Heavy snow-

squalls. High cross sea." This shews, that the steamer was entering the storm.

Does the direction of the wind agree with this view ? Entirely so,—for the wind

with the steamer, was now blowing strongly from W.NW. On the 1st December

she reached Lat. 46° 8', and Long. 37° 22', at which place a hard gale still blew

from W.NW. The entry in her log for that day is, " Wind and sea increasing ;

—

hard gales;—heavy snow-squalls ;—high irregular sea." On the 2d December,

the entry in the wind column is NW.ly,—and in the weather column, " wind de-

creasing, fresh gales, hail squalls, confused sea." She had got then to Lat. 47° 27',

and Long. 33° 20.' On the following day, the Avind was still north-westerly, but

the entry in her log states only •' fresh breezes." On the 4th December, the wind

had become south-westerly, so that she had then got entirely out of the storm,

which had passed away to the northward. It was only the outskirts of the storm,

—its rear-guard circles, that the steamer, fortunately for her, encountered on

1st December. It is a strong confirmation of the above statement, that the

Sarah Birkett, in Lat. 46°, Long. 22° had the gale severely from NW. on the 1st

and 2d December. She was bound for England, and thus sailed for two days in

the SE. quadrant of the storm.

These data, I think, very clearly prove, that, in this storm, the wind was

blowing in bands which formed an entire circle, whilst these bands had on the

whole a progressive motion towards the north. That the central parts of the

storm passed probably within 200 miles west of Cape Clear, is suggested by the

circumstance that the brig Thomas Tucker, on the morning of the 28th, encoun-

tered the storm about thirty or forty miles west of that Cape, with the wind

blowing furiously from the SE. At noon on that da}^, the wind shifted to SW.,

from which quarter, after a short luU, it shifted to the W.NW., blowing as furious-

ly as before. This vessel was wrecked on the Cape.* The Barossa transport,

about 200 miles more to the south, encountered the storm on the 27th November.

In the morning the wind blew from the SE. ; in the evening it was SW., when

she was so damaged that she was forced to put back to England. The conse-

quence was, that she sailed with the storm, and continued in its south-west qua-

drant for two days, when she got out of it in the English Channel.

We are entitled, therefore, to conclude, that all the material tacts hitherto

collected, strongly support the opinion, that the storm in question was one of

those rotating aerial bodies, of a figure more or less circular, which IIeufield and

Reid have described. At the same time, it must be confessed, that there are dif-

* Shipping Gazette of 13th December 1838.
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Acuities involved in the theory, which it requires farther observation to clear up.

One of these difficulties regards the velocity of the rotatory movement of the storm,

which is found to diminish towards the circumference of the stormy circle. But

the reverse might be expected, if the aerial particles belonged to a body which was

impelled round a common axis by the influence of some law or force affecting the

whole. It is quite obvious, that if there was nothing to interfere with the opera-

tion of this force, the rings of wind near the axis of rotation would whirl round in

the same time with the most distant rings, and, therefore, with a proportionally

smaller velocity. But it is not difficult to see, that there are circumstances which

must interfere with the operation of the force above assumed. (1.) The most dis-

tant rings are of course retarded by the friction of the atmosphere, through which

the storm is rotating and progressing,—as well as by the surface of the sea or land

over which it is sweeping. The effect of this retardation on the outskirts of the

storm must be, to a certain extent, propagated to the interior rings. (2.j Farther,

it is obvious, that the rotatory movement of parts distant from the axis, will be

counteracted by the centrifugal tendency which rotation produces. (3.) Lastly,

it is uncertain, whether the aerial column rotates under the influence of a force

acting equally on every part of it, or acting only on a central portion. If the lat-

ter alternative is made out by observation, all difficulty will vanish, because, in

that case, it is evident that the rotation of the more distant bands may be ac-

counted for, simply by their being in contact with the revolving axis.

Of what the central parts of such storms are composed, and how the}^ are

generated, are totally separate questions, which, in the present state of meteoro-

logy, may not be readily answered. But that there is every probability of there

being a revolving axis sufficient to put the circumambient air in motion, is clear

from the analogous phenomena of water-spouts, or " storm pillars," and " whirl

pillars," as the German meteorologists term them. Professor Oersted, in his

memoir on these aerial bodies, states, that they are sometimes many hundred,

and even occasionally above a thousand, feet in diameter. Such a colunm of air,

reaching to the height of several thousand feet (which is the observed height of

several water-spouts), circulating with great rapidity, must soon produce an ex-

tensive gyratory movement in the atmosphere to a great distance, and thus ex-

hibit most of the phenomena of Redpath's stormy circles. The analogy between

water-spouts and storms of wind, is made stiU more obvious, by the fact men-

tioned by Professor Oersted, that, in Europe, these water-spouts have been ge-

nerally observed to move in a direction from SW. to NE., being very nearly

the direction of the best traced European and American storms.

It has been thought, that the formation of an aerial axis of gyration may be

easily accounted for, by the mutual action of two currents of air, flowing in oppo-

site and parallel or nearly parallel directions. These currents would, of course,

form an eddy, which, in the form of a rotating body, will advance in the direc-
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tion of the strongest cuiTent. The NE. wind liowing from the North Pole would,

whilst in contact with the SW. wind, which is also as constantly flowing, must

produce eddies of large extent, and violent in proportion to the strength of the

opposing winds. So far, we see, if these eddies are the true cause of gvi'ator>'

storms, why they should have both a progressive and rotatory motion. Why these

circles should always advance towards the north is not so clear,—for this would

imply that the southerly wind always obtained the mastery. Nor is it equally

clear why these stormy circles should, as Colonel Reid also alleges, revolve in a

manner contrary to the hands of a watch,—for this would imply that the southerly

wind always flows on the east side of the northerly current. On the west side of

the Atlantic Ocean, this last assumption is at least not improbable, as the Gulf-

stream, in its progress northwards, will generally carry alongst with it an at-

mospheric current, whilst the continent of North America is as natural a conduc-

tor of cold winds flowing in an opposite direction. In this way, perhaps, an ex-

planation may be found of the fact, that storms generated in the Atlantic, and

impinging on the British islands, take a north or north-easterly direction, and

rotate always from east to west. But it may be matter of doubt, whether this

rule can be applied generally to the whole northern hemisphere, in the way

Colonel Reid proposes.

Nor should it be taken for granted, that the axis of revolution, forming the

nucleus of the supposed stormy circle, is produced merely by two opposite aerial

currents acting on each other. It is possible, that this very simple solution of the

problem may be the correct one, and that electricity and other active forces which

generally accompany storms are ejects rather than causes. But the only method

of arriving at certainty on this point, is l^y precise and extensive observation.

It will be observed, with what remarkable regularity the depression of the

barometer, during the gale last above described, diminished towards the west-

ward. The lines or bands of equal depression, of which ten have been given in

the foregoing table, are all parallel, or very nearly so, to each other, and have evi-

dently the same direction as that taken by the storm itself in its progress north-

wards.

That the barometer should be lowest at those places situated nearest to the

centre of the storm, appears to be not only quite consistent with the principles

before explained, but to be unintelligible on any other assumption. The explana-

tion most generally given of the fall of the barometer during a gale, is, that the

air, when put into rapid motion over the surface of the globe, necessarily acquires

a centrifugal tendency. Now, on the assumption that the outer bands of wind

in the stormy circle revolve in the same time with the inner bands, the velocity

of the former being in that case greater, their centrifugal force ought also to be

greatest, so that the barometer would fall more in the outskirts than near the

centre of the storm,—a result which, as we have seen, would be inconsistent with
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the fact. It is only on the supposition that there is a central axis of revolution,

which causes the bands of wind that are nearest to it to revolve more rapidly than

those which are more distant, that a diminished atmospheric pressure can there

be brought about.

But there are other causes which may contribute to the observed effect. By
the rapid rotation of the central parts, and consequent centrifugal force produced

there, the air acquires a certain degree of attenuation, which must diminish the

pressure on the mercurial column. This view is strongly supported by the fact,

that the barometer has been observed to sink in the immediate vicinity of water-

spouts,* which, by their vertiginous motion, must necessarily attenuate the at-

mosphere in contact with them.

The reasons now assigned or suggested for a fall of the barometer during

storms, are applicable to them generally, from whatever quarter of the globe they

proceed. But when a storm comes from the southward, it brings alongst with it

a warm temperature, which speedily diminishes the weight of the atmosphere.

The column of air, on being heated, expands and rises, flowing off laterally into

cooler parts, the effect of which is immediately to lessen the atmospheric pressure

on all places within the column, and to increase the pressure on places situated

beyond its verge.

When the two storms described in this paper approached the British islands,

all the causes now noticed, probably combined to depress the barometer. Pre-

vious to their arrival in these latitudes, there had prevailed for some days a

strong north-easterly gale, which had caused the barometer to continue high. The

whirling columns of warm air, as they advanced northwards, had therefore to con-

tend against the cold wind blowing in an opposite direction. Now, it is obvious,

that, when these two winds met and mixed, the cold air would continue to oc-

cupy the surface, even in its retreat before the southern storms. The latter

would therefore affect the higher regions of the atmosphere in Europe, and es-

pecially in Britain, before the north-east wind was entirely arrested. The upper

part of the revolving column would precede and overhang the under part, which

would be farther impeded in its course by the surface of the sea or land over

which it traversed. From this cause, both storms must have affected the upper

regions of the British atmosphere, for some days before they began to sweep over

the British islands, and these upper regions being heated, would immediately

cause the barometer to sink. Accordingly it has been seen, that, before the arrival

of either ofthe storms above described, the barometer began to sink in all parts

of Great Britain. It has been shewn that the track of the storm's centre was

most probably about 200 miles to the west of Ireland. On its arrival there, the

atmosphere would, of course, attain a maximum temperature, and at that period,

* Oersted on Water-spouts. His memoir is translated in the Edinburgh Philosophical Journal

for July 1 839.
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or very shortly thereafter, the barometer naturally reached its lowest point. But,

as the storm passed to the northward, the other causes which combined with tem-

perature to lower the mercury also passed away, and thus allowed it to rise again.

It was observed in the second storm, as well as in the first, that it was when

the wind had veered to the S. or SW. that the barometer every where reached

its lowest point. At Greenwich Observatory, the wind is registered SE. by S.

at 2 p. M. on the 28th, and it had veered to SW. by S. before 9 o'clock next morn-

ing, the barometer having reached its minimum point in the interval. At Paris,

the wind at 9 p. m. on the 28th was S.SE., and before 9 next morning the

wind had veered to S.SW., during which interval the barometer reached its mi-

nimum. At Adare Abbey, the barometer reached its minimum about 4 p. m. on

the 28th, at which period the wind had veered to SW. from S. by E. Similar

results are indicated by the registers of all the other places of which I have ob-

tained extracts, viz. Kinfauns, Abbey St Bathan's, Carlisle, Castle Toward, In-

veresk, &c. When the centre of the storm came nearest to any of these places,

the wind, according to the rotatory theory, must (if the storm was moving N.NE.)

have been blowing about S.SW., which actually was the direction of the wind

at these places, when the barometer reached its lowest point. The south-westerly

blasts were thus an indication to the places swept by them that the stonn's

centre was then passing nearest to them. Other reasons also conspire to make

the barometer reach its minimum, during the prevalence of a south and south-

westerly wind. The south wind is necessarily warmer than any other i and if

the storm to which it belongs, happens to be advancing in a direction due north,

it will have a greater velocity than any other, combining its own circular motion

with the progressive motion of the storm. If the storm has a NE. direction, it

will of course be the SW. wind which will have the greatest velocity.

Perhaps it might, in this view, be considered that some test of the direction

of the storm in its progressive course would be indicated by the wind which blows

strongest at a given place. The particular winds which, in the second of the

storms above described, were the most violent at different places, are stated in

the following Table :

—

Places. strongest Wind. Time of Strongest Wiml.

Adare Abbey (Limerick) . . .

Coloony* (north of Ireland)

Castle Toward* ......
Inveresk and Redheugh station .

London and Greenwich . . .

Paris

SE. by E.

E. to SE.
S.SE.

S.

SW.
S.SW.

On 28th Novem. about 9 a. m.

On do. about noon.

On 29th do.

On 29th do. in afternoon.

On do. at night.

* The direction of the strongest wind at Coloony and Castle Toward, is taken from the way in

which the trees blown down there, were lying. The direction and force of the wind at the other places

are derived from meteorological registers.
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If any weight be attached to the remarks above made, that the direction of

the strongest wind in the storm will, generally speaking, coincide with the path

of the storm, this table would indicate that, in the latitude of Paris, the path lay

in a N.NE. direction, and that, as it advanced northwards, it moved more directly

N., and even ultimately towards the N.NW. This inference is corroborated by the

circumstance to be immediately noticed, that, though the storm was most severe-

ly felt in the south of England, it was less felt on the north-east coast of England,

and scarcely at all experienced on the east coast of Scotland. There was far

more damage done in the Irish than in the English Channel.

On comparing the above table, shewing the period of the strongest wind, with

the one on page 475, which states the period when the barometer reached its

greatest depression, it will be observed that these periods are not the same

;

and, according to the theory of rotation, they should not be the same. The

strongest wind at Adare Abbey being the SE. wind, preceded the centre of the

storm, and consequently preceded also the greatest depression of the barometer.

In like manner, at London and at Paris, the strongest wind having been from

SW. and S.SW. (which followed the centre of the storm), was felt more than half

a day after the time of lowest barometrical depression.

I may add, that this storm, or rather the eastern segment of it which tra-

versed the British islands, became much mitigated in violence, as it proceeded

northwards. There was not half the damage done by it in Scotland, which it ef-

fected in the southern and midland counties of England and Ireland. One cause

of this may be, its having overtaken in Scotland and the north of Ireland, the

storm which preceded it ; and as the van-guard circles of the second storm

were, of course, rotating in a direction opposite to that of the rear-guard circles

of the first, the two would interfere where they impinged, and thus, to a cer-

tain extent, neutralize each other. The second storm being the more violent

and extensive, would of course obtain the mastery ; a circumstance which ex-

plains why, in Scotland and the north of Ireland, the first storm hardly ex-

hibited any westerly or north-westerly blasts, before it ceased. It must have

been owing to this interference of the two storms, causing an annihilation of the

first, and a diminution of the second, that whilst, on the west coast of Scotland,

the meteorological registers shew pretty distinctly the several features of the

second storm, viz. its commencement, its veering, and its cessation, the registers

on the north and north-east coast contain no such information, and do not even

indicate the occurrence of a storm, but merely the continuance of the previous

gale, interrupted, however, by frequent gusts between E. and S. At Dunnet

Head, Sumburgh Head, Pentland Skerries, and the Starting Point, the wind

never veered to the west of south.

At Inverness, as I learn from the very accurate register kept by Mr Adam.

Rector of the Inverness Academy, there were, on the whole of the 28th November,
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" light airs from the NE., and clouds from SEy On the 29th, the entry in the

wind and weather column is, for the morning, " light wind N. by E., and clouds

from >S'. hy E.:—in the evening, " calm, slight rain, and clouds from south." On
the 30th, the air on the surface of the earth at Inverness was calm, but there were
' clouds and showers from west.'' These entries clearly indicate that, in that

northern latitude, the storm had become nearly expended, but was still faintly

existing, with all its characteristic features, in the upper regions of the atmo-

sphere.

The effect of this gale on the waters of the Atlantic caused an unusually high

tide in almost all the parts in the Irish and English Channel. I find that, on

Wednesday night the 28th November, Newry, a town to the north of Dublin, was

inundated by the highest tide ever remembered. It was also a remarkably high

tide at Strangfbrd and at Donaghadee. On the same night, at Swansea the tide rose

seven feet two inches above its proper level. At Milfbrd, the tide rose higher than it

had ever been seen before. At Plymouth the tide rose over the quays, an occur-

rence said to have been unprecedented. On the Thursday forenoon the tide rose

in the Thames, and also at Greenock, Oban, Tobermory, and in Orkney, above

the level of the quays. At Oban and Tobermory, though these places are com-

pletely land-locked, and exposed to no swell from the ocean, all loose materials

lying on the quays were swept off by the mere rise of the tidal waters. The

height of the tide was there the more remarkable, as it was the season not of

spring but of neap tide. That this extraordinary elevation of the sea was occa-

sioned by the suddenly diminished pressure of the atmosphere, there is no doubt.

The effect of this diminished pressure, must have been to elevate the surface of

the ocean, and produce a sudden accumulation of waters,—a species of wave. The

accumulation would take place along the line of diminished pressure, or, in other

words, in the direction of the storm. This storm-wave (for such it may not impro-

perly be termed) moved therefore through the Atlantic in a N.NE. direction, and

happening to impinge on Great Britain and Ireland about the time of high-water,

caused the waters to overflow. That this wave had been produced not in the

British seas, but a great distance in the Atlantic, is evident from this, that it pre-

ceded by several hours the arrival of the most violent part of the hurricane, and

even the lowest depression of the barometer. Any undulation in the waters

of the ocean, it is well known, is very rapidly propagated. The earthquake at

Lisbon produced a wave in the Atlantic, which caused an unusually high tide on

the south coasts of England and Ireland. The first shock of this earthquake took

place at half-past eight in the morning. A wave produced by it, about five and

a half feet high, flowed into Kinsale harbour on the afternoon of the same day,

between 2 and 3 p. m. ; so that this wave must have travelled at the rate of about

180 miles an hour. It is, therefore, obvious, that a wave raised in the Atlantic,

by the same force which originates or accompanies a storm, may easily precede

the storm, and give warning of its advent.
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In the previous part of this memoir, there has been an account given of only

two storms. It would appear from the various registers, of which I have obtained

extracts, that a third gale invaded this part of the globe between the 3d and 5th

December. It was accompanied, like the two former, with the phenomena of

veering, barometrical depression, and of a northerly course, by which the two

storms just described were characterized.

I have only to add, in conclusion, that, for several years, during the last

week of November or first week of December, there has been a violent storm in

this part of the globe.

On the 28th November 1837, there was a severe storm in Great Britain,

which did considerable damage in Scotland.

On the 29th November 1836, a tremendous storm visited the south and west

coasts of England, which occasioned immense damage. It carried away the

Chain Pier at Brighton, partly unroofed several public buildings in Plymouth

(where the tide rose three feet and a half above its proper level), and blew

down 200 trees in the London parks. It moved in a NE. direction, and passed

over to the northern parts of France and Germany. It was not felt in Ireland or

Scotland.

On the 22d and 23d November 1824, a severe storm ravaged the southern

coasts of England, and then passed over to Holland and Jutland. It raged on

the night of the 22d at the Scilly Isles and Plymouth. On the 23d it reached the

Nore, and occasioned much damage to the shipping in the harbours and at sea.

The wind is described as having been very violent, and accompanied by abun-

dance of lightning. The Eddystone lighthouse was greatly injured. In Sweden,

extensive forests were prostrated.

On the ] 7th December 1747, 0. S., there was a violent storm which ravaged

England, and which was ascertained to have extended into Germany.

On the 1st November 1740, 0. S., there was a hurricane which caused ex-

tensive damage in London.

On the 14th November 1739, 0. S., there was a hurricane which did great

damage in Edinburgh, blowing do^vn severalhouses, and injuring St Giles's steeple.

On the 28th November 1703, 0. S., a hurricane overthrew the Eddystone

lighthouse, and destroyed in and near London, property to the value of two mil-

lions. The most violent part of the hurricane was from SW. to W.SW.
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XXV.

—

On the Diminution of Temperature with Height in the Atmosphere, at

different seasons of the year. By James D. Forbes, Esq., F.R.SS. L. ^ E.,

Professor of Natural Philosophy in the University of Edinburgh.

(Read 1st April 1839).

In the year 1830, I succeeded in establishing a Register of the Thermometer

at the Bonally Reservoir, which formerly supplied the city water-works, being at

a distance of five miles in a direction south-west from Edinburgh. This station

is on the northern acclivity of the Pentland Hills, at a height of 1100 feet above

the sea. The following year I obtained corresponding observations at the village

of Colinton, situated a mile and a half north of the preceding station, and above

700 feet lower. Although this difference of level be not very considerable, yet,

as these comparative registers have been kept for nearly five years with pretty

uniform results, some confidence is evidently due to the conclusions, even al-

though considerable dilB&culties opposed themselves to obtaining registers quite

free from exception. The interest attaching to them is the greater, that, although

registers have been kept at Leadhills and other elevated stations, I do not recollect

any strictly comparative observations in Scotland, perhaps not even in Great

Britain, at two stations near one another, and differing considerably in level,

from which the important meteorological element of the decrement of tempera-

ture in the atmosphere could be deduced.

The Bonally station is situated on the exposed northern acclivity of the

Pentland Hills, without any kind of shelter. Its elevation above the mean level

of the sea was very accurately determined by myself trigonometrically, and the

thermometer hung at a height of precisely 1100 feet. The exposure was the

north side of a cottage, which has since been allowed to fall to ruin. The obser*

vations were made by Mr Johnston, the officer appointed by the Water Company

for the inspection of their works, and by his family. I have every reason to be-

lieve that they were made and registered with perfect fidelity, although, from

want of practice, they may have been occasionally erroneously entered. They

were made daily at 8 a. m. and 8 p. m. The thermometer was a mercurial one,

now in my possession, which, by comparison with a standard one, I find reads

pretty constantly 0°.35 too high.* The readings have therefore been diminished

by that quantity.

The Colinton station was at the School-house there, and the observations

were carefully made and registered by my friend the Rev. R. Hunter. The

* For one year only a spirit thermometer was employed.
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height of the thermometer above the mean level of the sea, ascertained by myself,

is 864 feet. The hours of observation were the same as above. The thermome-

ter has been carefully compared with a standard, and the error in different parts

of the scale not being uniform, it has been ascertained, and a corresponding cor-

rection applied.

By far the greater part of the calculation of these observations- was per-

formed by my late friend and pupil Mr John Spens, son of Dr Thomas Spens,

who, had he lived, must ultimately have distinguished himself in a profession

which rarely fails to reward real talent. Much of the remaining calculation was

kindly undertaken by Mr Joeuv T. Harrison.

The mean temperature of each month at each station at 8 a. m. and 8 p. m.

being taken, the mean difference for each month of the year for the whole period

is deduced, and hence the mean for the entire period, which gives a decrement

for 736 feet of ascent, amounting to 3°.27 for the morning observations, 3M8 for

the evening, or 3°.22 for both, which coiTesponds to 229 feet of ascent for 1° of

decrement of temperature. This decrement is rather rapid, and is, no doubt,

partly to be accounted for by the comparatively sheltered situation of the lower

station.

The influence of the season of the year on the decrement of temperature is

particularly striking, as the following Table shews ; and that the discrepancies it

contains are not generally errors of observation, is pretty clear, from the agree-

ment of the morning and evening columns, and various other tests, which it is

not necessary to mention.

Table I.

Calculation of the Mean Temperature of each jNIonth during the Years 1831-32-

33-34-35, at Bonally and Colinton, and corrected for the eiTors of Graduation

of Thermometers.

Date.

8 A. M. 8 p. M.

Bonally. Colinton.
Bonally

corrected.

Colinton

corrected.
Diff. Bonally. Colinton.

Bonally

corrected.

Colinton

corrected.
Diff.

Jan. 1832
... 1833
... 1834
... 1835

Feb, 1831
... 1832
... 1833
... 1834
... 1835

r*

35.61

31.58

37.74

88.97

39.29

31.77
39.82

86.39

Mean

35.26

31.28

37.39

33.62

88.97

81.23
39.00

36.00

8.71

0.00

1.61

2.38

35.93

32.64
88.06

34.71

38.39

33.77

40.16

38.16

Mean

36.58

32.29

37.71

34.86

38.06

33.32

39.86

37.82

2.48

1.03

2.15

3.46

187.50

84.38

145.20

86.80
7.70

1.92

189.94
84.98

149.06

37.26
9.12

2.28

84.93

36.31

35.14

36.43

36.89

37.11

39.00

87.86

87.46

39.78

Mean

84.58

35.96

34.79

36i)8
36.54

36.75

88.68

37.50

37.10

39.48

2.17

2.72

2.71

1.02

2.94

35.75

37.00
36.36

37.46

36.43

37.64
38.45

38.61

39.50

40.21

Mean

35.40

86.65

36.01

37.11

36.08

87.29

38.12

38.28

39.19

89.92

1.89

1.47

2.27

2.08

3.84

177.95

35.59

189.51

37.90

11.56

2.31

181.25

36.25

192.80

88.56

11.65

2.31
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8 A. M. 8 p. M. 1

Date.

Bonally. Colinton.
Bonally

corrected.

Colinton

corrected.
Diff. Bonally. Colinton.

Bonally

corrected.

Colinton

corrected.
Diff.

Mar. 1831 37.61 42.42 37.26 42.24 4.98 38.45 43.00 38.10 42.82 4.72

..; 1832 36.68 42.48 36.33 42.28 5.95 37.68 40.64 37.33 40.37 3.04

... 1833 34.87 38.48 34.52 38.15 3.63 35.39 37.48 35.04 37.13 2.09

... 1834 39.16 42.61 38.81 42.40 3.59 37.93 41.84 37.58 41.60 4.02

... 1835 36.26 38.85 35.91 38.02 2.11 36.48 38.42 36.13 38.10 1.97

182.83 203.09 20.26 184.18 200.02 15.84

Apr. 1831

Mean 36.56 40.61 4.05 Mean 36.83 40.00 3.17

41.30 45.47 40.95 45.88 4.43 42.34 46.10 41.99 46.00 3.01

... 1832 42.13 46.63 41.78 46.56 4.78 41.13 44.63 40.78 44.50 3.72

... 1833 41.37 44.67 41.02 44.55 3.63 39.90 43.83 39.55 43.68 4.13

... 1884 41.37 46.53 41.02 46.46 6.44 40.43 46.23 40.08 46.16 6.07

... 1835 40.97 45.60 40.62 45.51 4.89 40.00 46.80 39.65 46.72 6.07

206.39 228.46 23.07 202.05 226.05 23.00

May 1831

Mean 41.08 46.69 4.61 Mean 40.41 45.01 4.60

46.48 50.39 46.13 50.40 4.27 46.58 49.93 46.23 49.93 3.70

... 1832 45.48 50.93 46.13 60.96 5.82 46.19 49.32 44.84 49.31 4.47

... 1833 52.06 66.97 51.71 57.20 5.49 61.74 65.19 61.39 65.40 4.01

... 1834 49.41 53.97 49.06 64.10 5.04 49.90 63.80 49.55 63.95 4.40

... 1835 45.61 50.10 45.26 60.10 4.84 45.39 49.87 45.04 49.87 4.83

237.29 262.75 26.46 237.05 258.46 21.41

June 1831

Mean 47.46 52.55 6.09 Mean 47.41 51.69 4.28

56.23 68.97 64.88 59.24 4.36 55.77 58.27 55.42 58.52 3.10

... 1832 53.97 57.83 63.62 68.09 4.47 53.07 57.00 52.72 57.24 4.52

... 1833 53.50 67.37 63.16 57.62 4.47 52.30 55.90 51.95 66.12 4.17

... 1884 54.43 57.57 54.08 67.81 3.73 54.97 56.97 54.62 67.20 2.68

... 1835 53.37 65.43 53.02 55.64 2.62 61.90 65.27 51.55 65.48 3.93

268.76 288.40 19.65 266.26 284.56 18.30

July 1831

Mean 53.75 57.68 3.93 Mean 53.25 66.91 3.66

57.68 60.06 57.33 60.36 3.03 68.27 60.77 67.92 61.07 3.15

... 1882 •55.16 59.03 54.81 59.30 4.49 55..52 57.84 65.17 68.09 2.92

... 18.33 57.03 59.61 56.68 69.90 3.22 56.68 58.55 56.33 58.82 3.49

... 18.34 56.16 .59.19 55.81 69.47 3.66 67.00 59.26 66.65 69.54 2.89

... 1836 55.77 57.64 55.42 67.90 2.48 64.81 57.07 54.46 57.31 2.85

280.05 . 296.93 16.88 279.53 294.83 15.80

Aug. 1831

Mean 56.01 59.38 3.37 Mean 55.90 68.96 3.06

57.06 59.71 56.71 60.00 3.29 55.90 59.55 55.55 59.84 4.29

... 1832 55.23 57.52 54.88 57.77 2.89 68.68 66.48 53.83 55.70 2.37

... 1833 52.06 55.55 51.71 55.76 4.05 50.45 54.97 50.10 55.16 5.06

... 1884 56.84 59.87 55.49 60.17 4.68 54.48 69.19 64.13 69.47 5.34

... 1835 57.58 68.84 57.23 69.12 1.89 56.00 58.97 55.65 59.25 3.60

276.02 292.82 16.80 268.76 289.42 20.66

Sept. 1831

Mean 55.20 58.56 3.36 Mean 63.75 57.88 4.13

50.87 54.27 60.52 54.44 3.92 50.97 64.14 50.62 54.30 3.68

... 18.32 51.77 53.87 61.42 64.02 2.60 50.63 53.40 50.28 53.54 3.26

... 1833 49.13 52.83 48,78 52.96 4.17 48.57 52.47 48.22 52.57 4.35

... 1834 50.83 52.70 50.48 62.80 2.32 60.07 62.87 49.72 52.98 3.26

... 1836 50.03 50.80 49.68 50.83 1.15 49.17 61.27 48.82 51.32 2.60

250.88 265.04 14.16 247.66 264.71 17.05

Mean 50.18 63.01 2.83

1

Mean 49.63 62.94 3.41
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Table I.—continued.

Date.

8 A. M.
1

8 p. M.

Bonally. Colinton.
Bonally

corrected.

Colinton

corrected.
Diff.

!

Bonally. Colinton.
Bonally

corrected.

Colinton

corrected.
Diff.

Oct. 1831
... 1832
... 1833
... 1834
... 1835

Nov. 1831
... 1832
... 1833
... 1834

Dec. 1831
... 1832
... 1833
... 1834

49.71

47.03

45.61

46.58

42.61

53.10

50.77

48.06

48.87

44.77

Mean

49.36

46.68

46.26
45.23

42.16

63.22

50.80

48.03

48.85

44.66

3.86
1

4.12

2.77

3.62
j

2.50

60.06

46.46

46.32

45.52

41.87

62.13

49.16

47.45

48.87

44.45

Mean

49.71

46.10

44.97

46.17

41.52

52.21

49.14

47.40
48.85

44.33

2.60

3.04

2.43

3.68

2.81

228.69

45.74
246.56

49.11

16.87

3.37

227.47
45.49

241.93

48.38

14.46

2.89

36.73

38.20

38.17
40.30

40.03

39.40

40.67

41.37

Mean

38.38

87.86

37.82
39.96

39.73

39.09

40.39

41.13

3.36

1.24

2.67

1.18

37.73

38.67

38.63

40.23

39.50

40.10

39.70

42.63

Mean

37.38

38.32

38,28

39.88

39.19

39.80

39.40

42.33

1.81

1.48

1.12

2.46

162.00

38.00
160.34

40.08

8.34

2.08

163.86

38.46

160.72

40.18.

6.86

1.72

39.23
36.19

35.87
39.36

41.81

39.61

38.42

39.77

Mean

38.88

35.84
35.52

39.00

41.57
39.30

38.09

39.47

2.69

3.46

2.57

0.47

38.93
36.81

36.10
39.35

41.81

39.93

38.53

41.36

Mean

38.68

36.46

35.75

39.00

41.68

39.63

38.20

41.10

3.00

3.17

2.46

2.10

149.24

37.31

158.43

39.61

9.19

2.30

149.79

37.46

160.61

40.13

J 0.72

2.68

Table IL

General Synopsis.

Month.
8 A. M. 8 p. M.

Mean
Diff.

Feet of
Ascent for
1° Fahr.

Bonally. Colinton. Diff. Bonally. Colinton. Diff.

January . . . 34.38 36.30 1.92 34.98 87.26 2.28 2.10 361
February . 35.59 37.90 2.31 36.26 88.66 2.31 2.31 819
March . 36.56 40.61 4.06 36.83 40.00 3.17 3.61 204
April . . 41.08 45.69 4.61 40.41 45.01 4.60 4.60 169
May . . 47.46 52.56 6.09 47.41 51.69 4.28 4.69 167
June . . 63.75 57.68 3.93 53.26 66.91 3.66 3.79 194
July . . 56.01 69.38 3.37 65.90 58.96 3.06 3.22 229
August . 65.20 58.56 3.36 58.75 57.88 4.13 3.74 197
Sejjtember 50.18 53.01 2.83 49.63 62.94 3.41 8.12 236
October . 46.74 49.11 3.37 46.49 48.38 2.89 3.13 285
November 38.00 40.08 2.08 38.46 40.18 1.72 1.90 387
December 37.31 39.61 2.30 37.45 40.13 2.68 2.49 296

531.26 670.48 39.22 529.71 667.90 38.19 38.70

General Mean 44.27 47.64 3.27 44.14 47.82 3.18 3.22 229

I have compared the results of this Table, which are projected in the upper-

most curve of Plate XX., with the results obtained on the far larger scale of a dif-

ference of level of 6836 English feet, between Geneva and the Convent of St Ber-

nard, as given by Kaemtz in the second volume of his Lehrhucli der Metem-ologie.

Considering the different circumstances of the two, these curves (which I have

purposely reduced to a similar range) approximate wonderfully. They both indi-
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cate a most rapid increase of the Difference of Temperature between February and

March, and a most rapid decline in November, the maximum being about May.

That the decrement of temperature with height is most rapid in summer,

and least in winter, has been long known ;
* but I am not aware of any attempt

to account for the law of its variation at different seasons. The following consi-

derations will probably be found satisfactory.

If we examine the annual curves of mean temperature at Colinton and Bo-

nally, projected in the lower part of Plate XX., we shall find that they differ in

three respects, whilst there is a remarkable coincidence in their general features.

(1.) The entire Bonally curve stands lower on the paper than the Colinton curve,

because the mean temperature of any and every part of the year is lower. (2.)

It is a flatter curve than the Colinton curve, or the range of the thermometer is

less ; consequently the minima differ less than if the two curves had been similar,

and the maxima differ more. This is the reason why the decrement of tempera-

ture with height is most rapid in summer, and least so in winter. (3.) Not only

is the Bonally curve lower than the Colinton one, and flatter, but it is shifted to

the right hand, so that the maxima occur later, as weU as the minima and mean

temperatures. A little attention will likewise shew that a gap or vacuity must be

left between the curves, greatest whilst the temperature rises, and least whilst it

falls ; and also that the difference of the vertical ordinates of the two curves will

be greatest when they form the greatest ascending angle with the horizontal axis,

and least when the descending angle is greatest, that is, as inspection shews, in

May and November respectively, which agrees with the results of the uppermost

curve of the plate.

The examination of these curves furnishes us with some data of the most

important kind for meteorology, which it is best in the first place to state, and

afterwards to consider how we can explain.

The first fact is the familiar one, that mean temperature diminishes as we

ascend in the atmosphere. The second is, that the annual range diminishes as

we rise, and, at a certain height, would probably sensibly vanish. The third is,

that the influence of seasons begins to be felt at the plains, and is later communi-

cated to the mountains. The two former of these facts obtain with reference to

the diurnal as weU as annual variation of temperature ; the last appears to be in

that case reversed-!

The shift of the annual curve, or retardation of epochs, and likewise the de-

creased range, is common to the strata of the air above the surface of the earth,

and to those of the soil beneath it. Both ultimately, no doubt, exhibit a limit,

first where the diurnal variations disappear, then the annual. The cause, how-

* See my Report on Meteorology in the first volume of the British Association Reports,

t Saussure, Voyages dans les Alpes, tom. iv. § 2050, &c. See also Kaemtz, Lehrbuch, band ii.

s. 133.

VOL. XrV'. PART II. 4 M



494 PROFESSOR FORBES ON THE DIMINUTION OF TEMPERATURE WITH

ever, is very different in the two cases, the one being chiefly the result of the ra-

diation and the other of the conduction of heat.

It is only curious that the diurnal curve seems to follow so different a law,

at least in summer ;—perhaps the reason is, that the direct solar radiation is more

energetic in that case, and the vehicular conveyance of heat by the air (or con-

vection) less. Thus, with respect to the process of annual heating, the earth's

surface (considered as an extensive plain) is the point where the sun's rays freely

transmitted by the atmosphere first become productive of any considerable

warmth. That warmth is propagated slowly and progressively by conduction to

the inferior strata of earth, and by convection to the superior strata of air ; in

either case, as I have said, a later and a feebler impress of the annual curve is

found. The diurnal temperature is probably much more modified by the direct

effects of radiation. The detached mountain tops, more exposed and less mas-

sive, receive and part with the solar heat more rapidly than the low country,

presenting a complete analogy, the former with an insular, the latter with a con-

tinental climate. The summits change temperature rapidly, the extremes are

less ; but the changes of the heat of the plain follow later, and are more marked.

This is not conjecture ; many facts might be quoted to support it, but the follow-

ing is sufficient, that Saussure, in the part of his work already cited, finds, that,

whilst the minimum temperature occurred at 4 a. m. (in the month of July) both

at the Col du Geant and at Geneva, the former station had acquired the mean

temperature of the day at 6 a. m., which at Geneva occurred three hours later

;

and, during the decline of temperature in the afternoon, the mean recurred at the

Col du G^ant from half an hour to an hour sooner than at Geneva.

There are other causes besides those just mentioned which contribute to

distinguish the daily from the annual curve. Of these the more important are

the more gradual character of the annual change of temperature, and the influ-

ence of humidity. The former affects our experiments by preventing the ascend-

ing and descending currents from being instantly established, in the manner that

the law of specific gravity would assign ; and when radiation is least intense (as

in winter), and the moving power therefore small, this transfer is often impeded,

and even the law of densities violated altogether. This we know to be often the

case in winter and in cold climates, that the higher strata are the warmer. To

place this in a clear point of view, I shall add a table shewing the number of

times in each month that this has occurred, which is indicated under the column

headed " Number of times negative :" considering the differences of temperature

simultaneously observed at Bonally and Colinton as positive when the former (the

higher station) was colder than the latter ; and vice versa. I have also added the

extreme positive and negative values for each month ; and though here, more

than any where else, errors of observation and registration are likely to have crept

in, yet we cannot but be struck with the number of times in which the common

law of density has been reversed, and the great excess of warmth observable at

the higher station on some occasions, especially in autumn and winter. I would
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repeat, however, that the observation of these extremes is less hkely to be inva-

riably correct than any other part of the tables. Dividing the year into four

seasons, the following summary, which includes both morning and evening obser-

vations, is, from the extent of the induction, entitled to considerable confidence.

Mean
Difference.

Times out of 100

negative.

Mean of greatest

+ values in each

Montli.

Mean of greatest

— values in each
Month.

Spring )

(March, April, May) J

Summer )

(June, July, August)
j

Autumn 1

(Sept., Oct., Nov.) J

Winter "I

(Dec, Jan., Feb. j

4°.30

3°. 58

2°.72

2°.30

7.1 per cent.

13.5

15.0

15.6

10°.5

10°.3

9°.8

9°.8

2°.87

4°.8

7°.4

5°.9

These numbers have been obtained from the following Table, which contains

the details.

Table III.

8 A. M. 8p M. 8 A M. 8p . M,

c

"S
>

%

o
o
6
la

4>

1
S3

15.5

3
•3

+

g

3

CO

O

1
a;
«

O
o
o
15

a

11

6"
la .2

_3

>

+

5

3
>'

1

m

i
la

o

1

>

1

|§

3

+

O

i

«

cs

s
a

(3

1

O
O

1

1

§§

<1J

+

1

i

>

1

1

Jan. 1832 31 1 16 — 1 31 4 13 — 2 July 1831 31 7 9 — 2 30 5 10 — 3
... 1833 31 9 4 - 7 31 5 5 — 7 ... 1832 31 2 12 — 2 31 5 10 — 3
... 1834 31 7 13 — 9 31 12 10 - 7 ... 1833 31 3 8 — 5 31 4 8 — 3
... 1835 31 2 10 — 7 31 3 16 — 5 ... 1834 31 2 6 - 4 31 5 9 —12

1

... 1835 31 11 13 — 5 31 8 11 — 8

Feb. 1831 28 4 8 -7 28 5 9 — 8
1

Aug. 1831
... 1832

31 5 10 — 2 31 1 10 — 3

... 1832 29 3 9 — 7 29 9 7 — 4 31 6 7 — 4 31 6 6 — 8

... 1833 28 2 8 — 1 28 3 12 — 4
i

... 1833 31 1 10 — 2 31 2 11 — 3
... 1834 28 8 5 — 6 28 . 7 15 -7 ... 1834 31 2 17 — 6 -31 2 15 — 5

... 1835 28 2 12 —10 28 2 12 — 6 ... 1835 31 9 10 — 6 "31 5 12 — 5

Mar. 1831 31 1 14 — 2 31 1 14 — 2 Sept. 1831 30 3 9 — 4 30 1 8 — 2

... 1832 31 1 10 — 1 31 2 8 — 6 ... 1832 30 4 12 —13 30 4 18 — 5

... 1833 31 1 7 — 1 31 1 6 — 2
i

... 1833 30 2 15 — 2 30 1 11 — 2

... 1834 31 3 12 — 6 31 2 17 — 7 ... 1834 30 5 6 — 6 30 6 9 — 8

... 1835 31 7 6 — 5 31 6 7 — 2 ... 1835 30 11 7 — 7 30 9 11 — 6

Apr. 1831 30 2 8 — 2 30 2 6 — 3
1

j

Oct. 1831 31 7 31 2 4 — 6
... 1832 30 3 9 — 2 30 3 13 — 3

: ... 1832 31 2 15 — 5 31 3 13 — 2
... 1833 30 3 7 — 1 30 9

j

... 1833 31 5 10 — 4 31 5 12 - 7
... 1834 30 14 — 30 15

1
... 1834 31 4 14 — 7 31 5 17 — 7

... 1835 30 2 13 — 3 30 2 17 — 2 ... 1835 31 3 5 —10 31 4 10 — 7

May 1831 31 2 10 — 2 31 3 9 — 1 Nov. 1831 30 2 7 — 8 30 5 7 — 9

... 1832 31 1 9 — 3
1

31 1 11 — 3
j

... 1832 30 5 5 —10 30 5 5 —10
... 1833 31 3 11 — 2 31 4 12 — 9 ... 1833 30 7 9 —19 30 8 12 —20
... 1834 1 ... ... 1834 30 10 8 - 7 30 5 12 — 6

... 1835 31 3 10 — 5 31 "i i'o — 4

June 1831 30 10 30 5 11 — 3
j
Dec. 1831 31 2 7 — 8 31 5 7 — 9

... 1832 30 3 11 — 8
!
30 4 17 — 2 ... 1832 31 1 11 — 3 31 1 10 — 1

... 1833 30 2 9 — 4
:
30 1 8 — 1 ... 1833 31 1 7 — 3 30 5 9 — 7

... 1834 30 3 6 — 4 30 6 10 -12 ... 1834 31 9 6 —13 31 10 13 — 5

... 1835 30 4 9 —10 30 6 15 — 9
1
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The influence of humidity I believe to be very important in modifying the

results. The distribution of moisture as we rise in the atmosphere varies ex-

tremely at different seasons. In spring the hills are chiUed by continued con-

densations of moisture, whilst the plains are comparatively dry ; and in autumn
the reverse often occurs. I beheve that the actual fall of rain on low and high

grounds confirms this view, the autumnal rains being often heaviest in the plains,

whilst in spring and summer the excess is amongst the hills.

The curve in Plate XX.,* representing the mean daily range for five years, is

deduced from careful observations made at Edinburgh by Mr Adie, with self-

registering instruments-!

* The vertical lines in the plate correspond to the middle of each month.

t The latter part of this paper has been remodelled since it was read

—

Dec. 1 839.
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POSTSCRIPT.*

I am glad to find that the reasoning I have employed in page 494, to account

for the diurnal variations of the decrement of heat in the atmosphere, is entirely

confirmed by the observations of Eschmann, Kaemtz, and Horner, in Switzerland,

recorded in Poggendorff's Annalen, xxvii. 345, and in Dove's Repertorium, iii.

331. By projecting these observations graphically, I have found that the course of

the diurnal curves is such as I have described it to be, the variations on the moun-

tains preceding those on the plain, which, by reasoning similar to that in p. 493,

will give a maximum difference in the afternoon, and a minimum in the morning.

Thus the diurnal summer curve gives the minimum temperature of the day on

the Rigi at ^^ 43" a. m., and at Zurich at 4'' 14" a. m. ; whilst the maximum at the

former station occurs at 12" 54", and at the latter at 2^ 28" p. m. Also, it appears

by projection, that the difference of temperature at the two stations increases from
4'' 31" A. M. until 4'' 51" p. m., when it attains its maximum, and then declines.

It is well known that the curves of temperature, whether diurnal or annual,

may be expressed with any required degree of accuracy, by a series of terms of

the form
A + Bsm(;»; + C) + Dsin(2a; + E)&c. Eq. (1)

where x is the time, expressed, (in the case of the diurnal curve), by the horary

angle. If, then, the diurnal curves at the two stations be represented by two
such series, the difference will universally be represented by a series of exactly

the same form.

Thus, if the series written above express the ordinates of the curve (annual

or diurnal) at the lower or warmer station, and the following

A' + B'sin(;i; + C') + D'sin(a: + EO &c. (2)

that at the upper or colder (in which, generally. A' -^ A, and B'^ B, because the

range is less, as well as the temperature lower, and because the second term pre-

dominates greatly over the succeeding ones),—then the difference of temperature

of the two stations may always be expressed by a series of the same form {x,

the time, being still the independent variable), namely,

o + 6sin (a; + c)+ &c (3)

where o=A-A'; 6=\/B'^ + 2J3B'cos(C-C') + B'2 (4)

, , BsinC-B'sinC
and tanc=— —

—

/s\
BcosC-B'cosC ^^'

and so of the others,

* Added by permission of the Council, April 1840.

VOL. XIV. PART II. 4 L *
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If we consider only the first two terms, which amounts to supposing the

curves to become the common curve of sines, the position of maximum or mini-

mum difference of temperature is easily found, and its relation to the elements

exhibited.

The value of x (or the horary angle), which will make a + 6 sin(j:' + e) in Eq. (3)

a maximum, is evidently

a;^ + c= 90°; or2;,= 90-c.

1 BcosC-B'cosC
Whence tan x^=

tanc BsinC-B'sinC

In the figure, let OPQRS represent the curve at the lower station, and

0' P' Q! R' S' at the higher ; if we place the origin of the time at 0, C wiU vanish,

and C will denote the acceleration or retardation of the epoch for the tempera-

ture curve at the colder, compared to that at the warmer station. Thus the

above expression for the time x^ of the maximum difference of temperature be-

comes
"Tl/ _ _ ^ i^r T>

(6)
B'cosC'-B

tan X,=—^ --. _ -
B' sin C

When C'=0, or, when there is no difference of epoch, ,r^=90, and the maxima

of the three curves coincide.

As C increases positively, that is, as 0' falls to the left hand of (which is

the case in the diurnal curve), tan x^ being negative (for whilst B 7^ B', as we

have assumed it to be, the numerator is essentially negative), x^ lies somewhere

between 90° and 180°. It never, however, reaches the latter value, its greatest

excursion being determined by the condition

cosC
B' I r>2 TQ/2

--g- ; and therefore, tan x^= — J—^—
When C becomes equal to + 180°, x, has resumed its value of 90°. This cor-

responds to a coincidence of the minimum of one curve with the maximum of

the other, when b in Eq. (4) has its greatest value, which of course is B + B',

whilst its least value when C = is B — B'.
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In the annual curve, on the other hand, the epochs at the colder station are

retarded, 0' falls to the right of 0, and C is negative. Tan a^, becomes positive,

and j;, recedes from 90° towards 0°
; hence the maximum difference precedes the

greatest annual heat. The greatest recession of jo, from 90° is determined by the

limiting: value

.-J'tana;,—

and when C'= -180°, x, of course becomes again = 90°.

In the case of elevation in the atmosphere, the value of C, or the change of

epoch, is probably never extremely great, and the preceding investigation proves

the direction of its influence on the period ofmaximum decrement of temperature,

which experience confirms. But three terms would be required to be included in

the expression to obtain the result with accuracy, and the successive constants

may be derived from expressions similar to those for b and c.

It is interesting to observe the circumstances which modify the precession of

the epoch of maximum difference in consequence of the retardation of tempera-

ture epochs at the colder station (as illustrated in the figure on the last page),

and vice versa. The comparative velocity of displacement of the relative maxi-

mum and absolute maximum will be furnished by the value of the differential

clx
coefficient -r^ .

Differentiating Eq. (6),

dx, BB'cosO'-B'2

cos^a:, B'^sin^C
dO

1 B'^sin^C
and since cos^^^^ ——— =-Tr:;

—

^^ ^ —-— by Eq. (6)
l + tan^r B'2-2B'BcosO' + B2 ^ ^ ^ ^

dx, _ BB'cosC'-B'2

t/C" B'2-2B'BcosC' + B''^

"

When C = 0, or small,

dx, BB--F2 B' _ , .^^

i:^^ (B-B')2 ^B^^ '
accurately or nearly (7)

which is always positive, since B' -^ B.

Now the value of this quantity depends entirely on the ratio of B to B', or

the approximate ranges at the two stations. As B and B' are more dispropor-

tioned, the velocity of the motion of x, diminishes ; and as they approximate, it

increases indefinitely.

So far as the imperfect data of observation go, this tallies well with facts.

Thus, for the annual curves at Colinton and Bonally, discussed in the preceding
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l)aper, we have B = 22^4 B' = 21°.3

dx, 21.3

dO 1.1
= 19.4.

In this case, then, for every day that the epoch of the annual curve at Bo-

nally is retarded, the epoch of maximum difference, or quickest decrement of tem-

perature, is accelerated by 19.3 days. Now the data from which the two lower

curves of Plate XX. are drawn, indicate a maximum temperature at Colinton on

the 22d July, and a shift of the Bonally curve backwards of 4.6 days nearly.

The con'esponding anticipation of the quickest-decrement-epoch would therefore

be 4.6 X 19.4 = 89 days, which corresponds with the fact, that the greatest or-

dinate of the differential curve (the highest curve in the plate) evidently occurs

about the beginning of May.

I have examined several other curves by means of projection in a similar

manner, and without pretending to any thing like a universal agreement of the

formula with the partial and dispersed observations of the kind which we pos-

sess, I will content myself with stating the result of a rigorous comparison with

the observations of Kaemtz and others already quoted, with reference to the

diurnal curve of decrement of temperature in the atmosphere.

I have had computed from the empirical formuhB containing four terms

(PoGGENDORFF, xxvii. p. 349), by which Mr Kaemtz represents the observations,

the epochs of maximum and minimum temperature at the Rigi and at Zurich, and

the epochs of quickest and slowest decrement of temperature in the course of the

day.

The hours and fractions stated below are reckoned from noon.

Diurnal temperature curve at the Rigij . .

Diurnal temperature curve at Zurich, . .

Differential curve

Range. j

1

1

Time of
Maximum.

Time of
Minimum

.

1

3.10 = B'

6.80= B :

h.

0.901

2.467

4.848

16.721

16.237

16.626

Now, by Eq. (7),

dx, 3.1

dC 2.7
l.lo.

The anticipation of afternoon epoch at the lligi compared to Zurich is 1''.57,

which, multiplied by 1.15, gives 1''.80 for the retardation of the epoch oi quickest

decrement, whilst it appears to have been 2^.38. The morning epoch at the Rigi

anticipates by 0''.52, and the retardation of quickest decrement is 0''.29.

From observations by the same industrious meteorologist for twenty-five
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days on the Faulhom (Poggendorfp, xxvii. p. 354), compared with those at

Geneva and Zurich, I have obtained graphically the following results :

—

(1.) Diurnal curve at Faulhom, ....
(2.) Geneva,

(3.) Zurich,

Differential curve for (1) and (2), . . .

(l)and(3), . . .

Range. Maximum. Minimum. 1

3.9 =B'
6.76 =B
8.3 =B

h. h.

0.70 16.66

2.93 16.78

2.67
! 17.07

4.70 17.00

4.10 T7Rn?

For the Faulhom and Geneva, we deduce from the ranges by Eq. (7),

dx, 3.9

dQl 2.85
= 1.4.

By the preceding Table :

Maximum ; x^ 1.77 C = 2.23 -^ = 0.79

Minimum ; x, = 0.22 C = 0.23

For the Faulhorn and Zurich, by Eq. (7),

dx 3.9

Cr
= 0.95

dCf 4.4

By the preceding Table

:

Maximum ; «, = 1.43 C = 1.97 -^ = 0.72

Minimum ; x, = 0.73 C = 0.52
C
= 1.4?

It is quite evident that these results exhibit only a very rough degree of con-

formity with the computed value, and that the maximum and minimum epochs

are not symmetrically shifted. It would be easy to point out the causes of these

discrepancies, amongst which must be reckoned the very short periods during

which this highly interesting class of observations has been continued, and the

want of symmetry in the forms of the diurnal curve where the stations are very

widely separated. This investigation may, perhaps, induce a more careful ex-

perimental inquiry into the subject under favourable circumstances. The ele-

gant relation of the velocities of displacement of the epoch at the superior sta-

tion, and of the epochs of the differential curve, is at least worthy of notice ; the

ratio of velocities being so low as 1 to 1.9 when the ranges at the two stations are

as 20 to 21 ; whilst it rises to 64 : 100, or 2 : 3 nearly, when the ranges are (as

in Saussure's observations at the Col du G^ant and Geneva) as 2 to 5.

VOL. XIV. PART II. 4m*
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In considering subterranean temperature at small depths (which, as I

have observed in the body of the paper, follows a law similar to that of the

annual-temperature-curves in the atmosphere), the approximation obtained fi-om

the two first terms of Eq, (3) is quite suf&cient, and indeed the variation may be

confined to the second alone. In this case, C may have a value of 180°, or even

more (the only limit being the sensible extinction of the annual variation, which

wiU probably prevent it from ever attaining the magnitude of a whole circum-

ference) the actual opposition of the epochs of maximum and minimum tempera-

ture being observed in most soils at a depth of about 30 feet.
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XXVI.—Ow the Theory of Waves. Parti. By The Rev. P. Kelland, M.A.,

F.R.SS.L.SfE., F.C.P.S., late Fellow of Queens' College, Cambridge; Pro-

fessor of Mathetnatics, SfC. in the Unixersity of Edinburgh.

(Read April 1. 1839.)

It is my intention to undertake a series of Memoirs on that branch of Hydro-

dynamics which treats of the transmission of reciprocating motion. It may ap-

pear superfluous at first, that any further investigation should he bestowed on

the general problem, when it is remembered that two of the most able mathe-

maticians of the present age, M. Poisson and M. Cauchy, have devoted so much
of their talents and attention to the subject. Yet, when advances are rapidly

making in our experimental knowledge, we generally find that the complex and

apparently general results, deduced by those who have paid the greatest attention

to the science as it presented itself to their view, are in reality only particular

cases, when they have to be applied to experiments in their actual form. This

circumstance detracts greatly from the value of almost all general investigations

;

and in this instance it does so in a remarkable degree. The prosecution of the

research has been extended in one direction—the prosecution of experimental

knowledge has taken another ; and thus, in order to meet the challenge of ex-

perimenters to keep pace with them, it behoves the theorist frequently to return

on his path, and cross over to the line of their march.

I doubt much, however, whether such men as Laplace and Lagrange would

have been induced, with the expectation of joining experiment on her lower and

more trodden fields, to reconsider and remodel their investigations ; nor have I

any reason to hope, that such men as Poisson and Cauchy will quit the delectable

atmosphere in which they are involved, of abstruse analysis, for the more humble,

but not less important task of endeavouring to treat the simpler problems in a,

manner not made general arbitrarily to lead to the most elegant formulae, but

general to that extent, and in that mode, in which the problem in nature is so.

It may seem strange, but I confess it appears to me, that this problem has hitherto

fallen into the hands of men too distinguished,—of men who had attained such

an elevation, that the labours of ordinary men, the trivial difficulties which im-

pede the progress of less gigantic minds, do not form part either of their actual

research, or of that which the world expects at their hands. Hence their inves-

VOL. XIV. PART II. 4 N
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tigations have been such as apply only to the more abstruse and captivating-

branches of the science, whilst the simple extension of its fundamental conditions

has been almost, if not altogether, overlooked. From these impressions I have

been induced to apply myself to the question. My desire is to simplify as well

as to extend ; not that I purpose to remodel the works of those who have gone

before me, but, in certain cases, to derive conclusions previously known in sup-

port and illustration of my methods of operation. As far, however, as concerns

the present memoir, although the results obtained appear to differ but slightly

from those of M. Poisson or M. Cauchy, yet, on examination, they will be found

very little alike. A most essential element enters into them, which could not,

from the nature of the methods employed, appear in either of theirs, viz. a varia-

tion dependent on the sphere of excursion of the molecules. Nor is this all.

Both these philosophers suppose the oscillations to be complete,—indeed, one of

the very first elements on which M. Poisson's theory is based, amounts only to

the expression of this circumstance. Whatever, therefore, may be the value of

investigations such as his (and I consider them most valuable), they do not solve

the problem which is most wanted, the problem of oscillatory motion, of large or

imperfect vibrations. They push to the extreme verge the problem which they

actually do contain, but leave the other branches of the subject comparatively

unimproved.

The theory of the tides can derive little assistance from such speculations in

the present state of our knowledge, if indeed at all. This, and many other most

important divisions of philosophy, if accurately subjected to analysis, require

other restrictions than those commonly imposed, and at the same time demand

the removal of these. With an ultimate view to problems of this nature, I have

drawn up the present memoir, which embraces the motion of regular uniformly

sized waves proceeding in one direction, and solves the problem in all its genera-

lity. It contains, likewise, an approximation to the motion of a solitary w^ave,

such as the tide wave, or, more properly, that examined by Mr Russell, and de-

signated by him the Wave of Translation. How far I have succeeded I am not

prepared to state. My solution can be regarded only as an approximation, nor

does it very accurately agree with observation
;
yet the agreement is to my mind

very satisfactory, as it shews, as far as I have tested the formula, that the error

is due to one, and only one, point : what that point may be, I do not take it on

me to conjecture.

This is the whole substance of the present memoir. Since it is so restricted,

I shall not be expected, at the present time, to offer a sketch of the progress of

the general problem. It will suffice, that a very brief statement be made of the

labours of those who have added to our theoretical knowledge of this branch of

Hydrodynamics.
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Newton, in the Second Book of his Principia, applied his power of ab-

stracting the point adapted to computation from the mass around it, to the solu-

tion of the problem of oscillation in a deep fluid, and his results are still valuable,

as his process is ingenious.

Laplace afterwards applied a regular analysis to the problem,* but his so-

lution is of a very limited nature. Lagrange, in his Mecanique Analytiqm,^

gives equations which contain the complete statement of the question, and all

that remains is the treatment of these equations. Lagrange himself % correctly

solves the problem for fluids of small depth, but his hypothesis is very far from

the truth as applied to the general problem.

It was in this state of the question that the French Institute proposed the

subject as its prize essay for 1816.

M. Poisson, who, as he himself states, had for a long time been engaged on

this problem, sent first a memoir to the Institute in October 1815, and afterwards

a second in December. These memoirs contain an approximate solution of the

motion of waves in a canal. We commence first with M. Poisson's.
\

This most important memoir starts with an approximation which (M. Challis

thinks) all persons who have attempted the problem have used. The assump-

tion which gives rise to his equation (4), p. 81, also appears to me most essen-

tially to destroy the generality of the results. As to the body of the memoir it-

self, it contains very little which belongs to*our present matter. It is principally

occupied in discussing the question of the effects which presently follow a disturb-

ance in the fluid. The theoretical results of M. Poisson have been analyzed and

tested by M. Weber, with whose work I am altogether unacquainted.

The prize mentioned above was adjudged to M. Cauchy, who was thought

to have solved the question more generally. As to what the problem was I am
not altogether certain. In M. Cauchy's memoir, printed in 1827, ||

fifteen years

after it had obtained the prize, I find it stated thus

:

" Une masse fluide pesante, primitivement en repos, et d'un profondeur inde-

finie, a et^ mise en mouvement par I'effet d'une cause donnee. On demande, au

bout d'un temps determine, la forme de la surface exterieure du fluide, et la Vi-

tesse des molecules situees a cette meme surface."

I have little doubt this is the form in which the question was actually pro-

posed, and we find a sufficient cause for the detention of the two philosophers on

this part of the problem, to the exclusion, or nearly so, of others. M. Cauchy

has added notes to his memoir, partly to explain and partly to enlarge on the

* Memoires de rAcademie des Sciences, 1776.

t Mecanique Analytique, 2d Partie, Sect. xi. \ Ibid., Arts. 35-39-

§ Memoires de I'Academie des Sciences, 1816. || Memoires des Savans Etrangers, tome i.
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processes employed in the body of the work. In two of these, the 16th and 20th,

we find solutions of the question now before us, but in both of them the approxi-

mations are used which I have before alluded to. The results will be found in

equation (141) of note 16, and equation {Q6) of note 20. They agree closely with

those obtained by M. Poisson. This memoir of M. Cauchy is of itself a large

and abstruse work, and consequently, the brief notice taken of it must be under-

stood to have reference only to those portions which belong to our present por-

tion of the problem. To bring the history of the subject down to the present

time, I have only to mention the names of Mr Challis,* Mr Earnshaw,! and
Mr Green ; | the two former of whom solve problems nearly connected with our

own, and the latter takes a very limited case of the actual problem, viz. that

solved approximately by M. Lagrange.

The present must be regarded rather in the light of an introduction to a se-

ries of Memoirs, than as a complete work in itself. We treat only of motion in a
canal of uniform breadth,—nor shall we take even a large portion of that pro-

blem. The mode of generating motion,—its effect on the final waves, and on the

primary ones,—the variable state of the surface, owing to reflexion from the bot-

tom and sides of the canal,—these, and the like questions, will occupy us here-

after. We have, however, a sufficiently wide field, without having recourse to

these comparatively abstract points. Not to mention the application of the re-

sults to the theory of the Tides, an application becoming daily more and more
tangible by the labours of Mr Lubbock and Mr Whewell, we have a vast variety

of questions to resolve, more obviously belonging to the very threshold of our in-

quu-y. What is the correct velocity of a wave in a canal of variable depth ? or

in one which is not shallow nor very deep, as compared with the length of a
wave ? Will the effect be modified if the canal be a closed one at the commence-
ment of motion ? Will the length of the wave depend on the depth, on the quan-
tity of fluid flrst put in motion, or on the space over which that motion takes
place, or on all these causes ? How will friction modify the form of the wave
and the velocity of motion ? And, lastly. What will be the motion in a channel
which shallows away at its sides, when the channel is broad, as is the case when
reference is had to the motion of the tidal wave ?

These, and like questions, are of the utmost importance, and demand a care-

ful investigation. In my next memoir, I hope to broach at least one, in addition

to that at present before us. In the mean time, we proceed to the

* Transactions of the Cambridge Philosophical Society, vols. iii. and v.

t Transactions of the Cambridge Philosophical Society.

X Transactions of the Cambridge Philosophical Society, vol, vi.
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ANALYTICAL INVESTIGATION.

Section i.—uniform wave-motion.

I . We commence with the determination of Wave-motion in a fluid of finite

depth, on the hypothesis ofparallel sections.

Let PQ be a portion of the surface of the fluid, PM, QN vertical planes at

right angles to the direction of transmission : and let AM = x, MP = z, MD = y,

MN = Bx. We shall also retain the notation in common use according to which

u or ~ represents the velocity parallel to x, v or -j- that parallel to y. In
dx

or-

der to avoid unnecessary length, we must adopt without demonstration the re-

suits which have been arrived at for fluid motion in general. The demonstrations

may be found in Poisson's Traite de Mecanique, 2d edition, tome ii. liv. 6, chap. I

;

in Moseley's Hydrodynamics, chap. vii. ; in Pratt's Mechanical Philosophy, Hy-

drodynamics, chap. i. ; or in Webster's Theory of Fluids, chap. x. ; to aU of

which we shall give references, for the sake of saving trouble to the reader.

To find the motion of the portion PN.

Let p be the pressure on an unit in PM ;
p' that on an unit in QN ; then

the pressure on Yl^=fodyp;

M N

the pressure on Q.N^r^"^ ""

di/ (p + ^§ x\
;

=f?^p-f?y (i.+^^^.r) -y;"-'^^^ (^+^^-)

'dp
dx ^

; + — dx
= -8xf '^d^-fl'^^ .pd^.

Let us suppose that all the parts in a given vertical move forwards equally

at a given time ; then u =-^ is independent of y.

VOL. XIV. PART II. 4
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We have now to solve the problem of finding the motion of fluid in a tube

which is continually expanding. The small difference between MP and NQ may,

in this investigation, be neglected.

2. To find the descent of fluid in a tube MQ, where MP is a fixed side, but

NQ is moveable by means of the pressure.

Let D be any point in the fluid; v = the velocity at D in the direction of z/,

u = that in the direction of x ; then, if « be the thickness MN at the time t, a + 5 «

at the time t+8 t, the quantity DG will have been pressed from ^^ to ^3^
a+ a

Therefore the whole DN will be exhibited in y •

a-\- b a

and D will descend by a space - y

=y

a + O a

8a

8a

+ y

a +

8a ,

-y— nearly

hence the velocity of D is
y da

a dt
(downwards)

_ y da

a ' dt

3. This will, however, lead us to no result, except we assume the nature of

the motion to be defined. Let us, then, make the hypothesis that the motion is

a wave-jnotion. This amounts to the substitution of

2ir . 4*77
/« + asin-^—- (c t—x) + a' sin -^- (cl— x)+ &c.

A A

for z.

In this formula, k is the original depth

;

A the length of a wave ;

c the velocity of transmission.

Now, if we retain only the first term in the variable part of this expression, we

obtain z=h + asin6,

2'rr

6 being equal to (c t—x).

dz

dx

2iri
cos d

from the supposition that the velocity in the direction parallel to a; is uniform

through any vertical section, and that consequently u is a function of a) and t

only.

From this consideration, it follows that -r- is independent of j/ : and conse-
(*' tXf
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quently -r- , which is equal to —^ ,* is also independent ofy.

X) will in consequence assume the form v=yf(x, t) + (p(x, t) ; but when y=0,

'c is always =0, hence v=yf{x,t) ; and, by reference to Art. 2, it appears that

_ y da,

a dt

hence

nr^ dy

dy_ y da.

dt a dt

dz z da.

dt a dt

y dz

z dt

1 dz _ 1 da.

z dt a. dt
Cor.

4. Now z has been assumed to be equal to /< + a sin Q.

dz 27rca ^ 2'Tra ^ dx
-;—= ^ . cos f ;r

—

.cosf.—-
dt \ \ dt

y 2 TT c a ^ 2 TT a ?/ n dx
V = — — cos a — -—— . -

. cos o .
—

^^ A K z d t

dv 2 ire a ^ 2ira cos 6 dx—- — —^— . cos t; — -^-— . .
—

-

dy Kz K z dt

du 2'Kca ^ 21? a ^ dx
^— = ;r . cos V ^—^— . cos V .

-—
dx Kz Kz dt

2ir c

a

^ 2ira ^= ;- . cos u + -^— . cos V .u.
Kz. Kz

Now let u=b sin 6;

,, , 2ir ^ 2ir ca ^ 2iTab . y. a 27rca2_
then — -^-- . cos V — ;r--— . cos o + -^ . sin v cos v -\—.. ,, . sm a cos v ;

A. Kh Kh K¥

but, from the hypothesis already made, the last two terms must be omitted

;

hence bh=ca;

ca . /,u = — . sm f
h

2irca ^
V = .y . COS. o .

Kh

5. The hypothesis relative to the value of z, by means of which the preceding

results have been obtained, is that which belongs to the most simple case of wave-

* PoissoN, art. 649 ; Moseley, art. 205 ; Pratt, art. 564 ; Webster, art. 108. The equation is

du dv dw
ax ay dz
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motion. To solve the problem more generally, we should assume for z a series

of sines of multiples of Q. If we restrict ourselves to two sines, we shall have

the following equation

:

5!=A + osm -:^ {ct—x) + esin2^
;

which gives

y dz y 2'Tr

z' dt a ' \ I ocosO. c—;—h 2 e COS 2^ . c—— |

\
' dt dt)

du 27r / ^ dx ^ _ /, dx\—-= — ;r^—
I
a COS f . c—— + zecosz V .c—— l .

dx Az \ dt dt)

The same limitation as to the extent of the series gives

u= h sin 6+/ sin 2 Q.

Differentiating this, and equating it to the former,

6cosa + 2/cos2a= -(acos0 + 2ecos2 0)fc-^'\ ;

z \ dt)

{b cos Q + 2/cos 2 &) ill + a sin + e sin 2 &)

= (a cos^ + 2gcos20) (c— 6 sin 0—/ sin 2^),

or 6Acos0 + 2//*cos2^+ ^sin2^ + a/(sin30-sin ^) +^ (sin3 ^ + sin^) + e/sin40

= a€cos6 + 2eccos26 — -— sin 2 6— e b (sin 30— sin 0) — _(sin30 + sin 0)— e/sin40.

By equating the coefficients of cos 6 and cos 2 6, we get

bh— ac,2fh= 2ec;

hence we learn that, if z be known, u is known.

With respect to the terms involving sines, it is clear that no equations can

be made, since the same quantities will occur again.

6. We now proceed to determine the motion parallel to the axis of x by an

independent method. We will conceive the portion PQ to become solid for an

instant, and calculate the force by which it is urged in the direction of the axis

of X. That force will consist of two parts, totally independent of each other ; the

one the difference of statical pressure on the two planes PM, QN ; the other the

difference of the dynamical impulses on the same planes.

With respect to the latter, it may be remarked, that it must be absolutely

independent of v. The real effective part of this pressure is, in fact, nothing more

than the resistance on either of the planes due to the velocity of the fluid in a

direction at right angles to it.

In order to obtain the value of this force, we shall not attempt to treat of it

separately as a problem of resistances, but apply du'ectly to it the same argument

as is commonly applied to establish the theory of resistances. We have akeady

stated that it must be independent of v : this can only be on the supposition that the



PROFESSOR KELLAND ON THE THEORY OF WAVES. 505

force results from the impulse of the fluid behind that under consideration. We
suppose, in fact, that it is the difference of the impulses on the two sides of the

solid PN.

Now the expression for the pressure at any point in the mass is this,*

Of this expression the first term is gg(z—y) , which is the pressure due to

the action of gravity..

The second term is - 9f(^^-r^ , a quantity which depends on the mo-

tion of the particles in the neighbourhood of the point.

In the theory of resistances, it is assumed that the motion is such as to admit

of our writing — dt for da; ; that is, it is supposed that the motion of a particle

is such as that, when it comes to another point in space after any interval, it

shall move just in the same manner as those particles do which are at the present

moment at that point. In other words, the motion is conceived to be steady,

that it is always the same at any particular point of space ; so that the integra-

tion for one particle during its successive stages shall be identical with the inte-

gration for different particles at the same instant.

Such an hypothesis as this is not only convenient, but appears to be abso-

lutely correct in the case before us, for this pressure depends only on the varia-

tion of velocity of the particles immediately about PMN at the instant under con-

sideration, and if one hypothesis as to the future movements of the particles gives

the difference of the pressures,

in going from point to point, any other hypothesis ought to give the same, pro-

vided the variation of velocity be the only thing which affects the pressure.

We may then assume as the value of^

;

P being some function depending on % but not requisite to our calculation.

Similarly, p'=g Q («'-y)-^? «*" + P'

=^K'^^>~^) "^K'^'"'^"^^*)
^^'

* PoissoN, art. 647; Moseley, art. 203; Pratt, art. 562; Webster, art. 117. The general

equation is,

dp ( d^x\ ^ ( d-'y\ ^ ( d2:\ .

VOL. XIV. PART II. • 4 P
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Now, the moving force on the solid PN

rz + ^4^ ,
( dz \ \ rz + -oc / ^ du \

1 Z' 4.^
.We have omitted the part n^ J ^'''' dyu^ + Q^ + Q' from the circmnstance

that it does not depend on the difference of velocity or of resistance, and, there-

fore, is no part of our force.

Perhaps it would be well to call p the horizontal pressure, instead of tlie

whole pressure, as by this means we should have been spared the apparent in-

correctness of omitting a part of the results ; but I have preferred retaining the

above, as the more usual mode of proceeding.

By integrating the above expression between limits, we obtain for the

moving force

1 , 1 / rf^ \ 2 du

and the mass is gaz; hence the accelerating force is

(du\ dz du

where -j- is the total differential coeflBcient of u with respect to t.

By substituting for u its value

ca . 27r ca . /^
-— . sin ^— ct—x or — . sin f
h A h

we obtain

27rca ^ / dx\ 2'Tra n litac

h\
a I dx\ Z'TTa

/J Zirac ^
cos o [ c——J =g —^— . cos t>— u -^-—— cos o

\ dt) ^ X Xk

C2
by equating coefficients, we obtain t-=^ as the first part, and the other part is an

identity,

7. We may vary the last part of the process in the following manner.

Since the moving force is

^pdy- r^^'"p'dy.
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it is =
J

~ {P-P')<iy- 1 ^"' pdy

dz 1 2(/a; da.

-'^'''T.^2^-Tr-dj

^'''^gQ{z-y)dy involves a^ as a factor.

Hence the accelerating force is

da
d^x _ dz dx dt

IW ~ ~
^ Jx'^ lit ' ~^ '

But it has been shewn (Art. 2), that

1 da_ 1 dz

a dt z dt

d^x _ dz dx dz 1

d¥ ~ ~^d^~Ji' dt ' z'

27r
But " z=^h + a sm ^—- (ct—x')

I
A

, dx , . 2'K , ^ -.

and ^- .= sin —— (c t—x)
dt A ^

^

where h is supposed undetermined. By substituting these values, we get

dx

2'Kb a ( dx\ 27r ^ dt 'lirac
cos

/ dx\ 27r a dt
(c ) = ««.__ cos V
\ dtl ^ \ h
I c I = a a . -^— cos 6 — . —^— . cos 6

A \ dt I A h \

2nrb
/J

, ,
/J,

2'7r /, 27roc6 . ^ aor —;r— • cos V ic— b sin C7) = --— sa cos f . sin v cos v
;

A A A/i

and, equating coefficients, we get

bc=ga; b^= —-—;
h

whence *=^-

the values which we obtained before.

8. Next, having these approximate formulae as our guide, let us proceed to

the general solution of the problem.

Retaining the same notation,
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xdtr \dt)
^^i^g tli6 co^ipl^te differentials of ?< and ?7 divided by fl^^.

These equations, again, give as their result,

d /du\ _ d (dv\

'dy \di) ~ Jz \df )

which being combined with the equation T" +^~^' ^^^ motion will be ob-

tained.
-, /du\ du du du

(dv\ dv dv dv
dt) dt dx dy

But if the wave be oscillatory, we may assume for u and v a series of terms of

the following form

:

'»'=f{y) • sin -^ {ct-x)

v= h y . cos -T— (c t—x).

For it is obvious, without any calculation, that, since ^^ + ^^=0, if 3- involve
*' dx dy dx

27r
cos -y^{ct—x), II must do so too, and consequently v will contain only cosines of

quantities, of which u contains sines. By substitution in the equation j~ + j~=^-

we get the following result

:

27r 27r , . ^ 27r , , „

or F>=^/>, (1).

2'7r

Let -^ be denoted by «

2'7r I

then the values of \Tn ^^^
(^7)

become (retaining only this term of the value

of m), (^j = <^fy cos Q {c-fy sin &) +fy Fy sin cos 6,

i— \ = —ttFy sin 6 (c—/y sin 6) + F'y Fy cos 2 ^

.

See the references in Art. 6.
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Hence the equation ~ . (g) =^ • (^) gives

ac.cos6/>-2asin6 cos 6/>/'y + sin ^ cos (Fyf"y + Vy f'l/)

= a^ c Fy cos - 2 a^ Fyfy sin ^ cos + a F'y F.y sin 2^.

Equating coefficients, we obtain

f'y^a¥y (2)

-«/>/'y + ^-•^•^''?'|-^-'^^ + «« Yyfy-Y'y Yy «=0

or -- F'.y F".y + J (- Fy F"> + 1 Y'y ¥"y\ =0

or
a

F">--FyF"y=0

or ¥y ¥'"y= ¥'yWy (3)

but '•' />=«Fy

and «F>=«2/y

•'• f"y=<^'fy

or
•

''fy-^Kf.
dy' --"'

The complete solution of this equation is

fy^he'y^b'e-'-y

F>= «(6e*2' + 6V-"."); Fy= 6e"2'-6'6^-"i' (2)

If we substitute this value ofy^/ in equation (3), we obtain

{he'^y— Ve—^y) a? {b e'^ + b' e"«^) =a{be'y + be—^V) a? {b e^y— Ue—"'-')

an identity.

Thus all the conditions are satisfied. Our solution, then, of the equations is

— y ^\ 27r
be'^ -\-b'e ^

J
. sin -^ (c^— ar)

,

v=z (be ^ —b'e ^ \ .cos,-^{ct—x)

.

If it should appear more general to affix a constant to u, it will add no difficulty

to the investigation.

The value of h' may be determined by supposing the origin of co-ordniates to

be placed at the bottom of the fluid, so that ^=0 when ?/=0 : this process gives

b'=K

9. Our next step is to find p.

VOL. XIV. PART II. 4 Q
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By the equations

dp _ / (du\ \

'dx~ ^\ \dt) )

we get

dp / /dv\ \

J
dp dp ,dp ^-i- d z + -f-dy
dx dy '

.oî"(S)-^^"- ^iyy-^'^A

- ^2^ (c«;/ _ ^- « y )2 sin ^ cos ^ 1 dx

.-. p= —qy !J-\-qfbac (— e'^y + 6—"'.' cos6 dx + e''-'— e~'".' sinOdy)

+ d fV2 af {
2 sin 2 c^ a:- (e^ «?'_e-2 «2/) (^^

j

= -^ P ;/ + P 6 (^
(«'''' •' + 6—" !') sin ^

+ pi^(cos20-l(e'"-"+e-'"-")) +P(4)

This equation contains tlie value of p, and the use we purpose to make of it is

this. The quantity P is a function of t, and the depth of the fluid for the value

of 0) fixed on. If this depth be called z, we have

Now the value of j- , or the expression for the force parallel to the axis of x,

has been already formed, but another value of it may be obtained from this final

equation. If we equate the two, we get

(dp) _<ip dp dz

\dx] dx dz' dx

where the quantity within brackets is the value of
-f-^

from equation ^4).

But if equation (4) be written p= (p {xy) + Y, and (5) p—(p (xi/)— <p (xz),

we get

d(p (xy) _d(p (xi/) d(p(xz) dz d(p(xz) . .

dx dx dz ' dx dx
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dcbfxz) dz dcbixz) ^ ,_,

hence ~V • i~ + , =^ (<

>

dz dx dx

1 0. To prevent confusion, however, we will at first write do-wn all the terms

of equation (6), and afterwards strike out those which occur on both sides, so as

to obtain the form of equation (7).

J ^ ' g dx

and by (5)
1 ^ i^_^l,^QQ^Q(.^y ^e-'^y -e^'-e-'^')
Q dx dx

^ ' dx ^ ' dx

hence -a.bcao^Qie'^y ^e-^y) +262asin2

- aficsin 0(e»^- «—^^ + 6'« (e2«^ _ e-2«^) ^w 3; dx

that is, as we should have deduced at once from equation (7),

+ -^-^— sin 2 f=
A

or -^.^n...-^

A

/ ?5, —if-

2!r 25r ^ 45r 4?

2'7r. . . /—- \ q —^— c sm f I ^ — ^[e^'-e >-'\^-^i^ie^' -e ^'U (8).

(25r _J^_^ \

a.e'^' +fe ^) smd

2* 2?r

2 5r_ 2_^^ 2^^ 2 5r

+ (a
^~' +/e~~'

)
^cos e L- b{e^\ e~~' ) sin 6 \ :

But from the cu-cumstance that ^=^ when y = z, this gives.
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(l-^.ae^-fe-'''sme\ b cos 6 (e"'- e-'')=

^ cos 6 (ae* '+ /e-"^) {c-6 sin 6 (€"'+ e-"') } :

or b (e« -'- e-''')-^b (6« ^- e-"') (ae" "-/^-" ') sin 6

= 'i^c(ae'''+/e-'')-^bsmd(e'''+e-'')(ae''' + /e-'')

f)_.

Hence /=-« and b=^- ac:
A

dx

dz 27r n , .= — -^a cose' (e^-'— e—«^)

A aa;

^^ o cos (e*^ — e""^

which l)eing substitnted in equation (8), reduces it to

^'^
1. I \ u ~:„ a f .a.z _— tt.z\ \ /\ i t b '

.

-^ b Ubame-{e-'^ "-''') c\ cos 6 (l--sin d (e'^' + e-'')\

= - cos^ {e'~- e-'^') I(f-^ be sin 6(6'''- e-'^') + ^ 6^ (e2. = _ ^-2«^^
|

that is

27r6
|46csin0-c2(e«^+ «-«-')- 4 i^ sin ^ ^ {e"^ + e-'=) + be sin 6 (e" + e-")'

]

jLige'^'-e-'^'-^ be sin (e«-'- e-'^J + X^'
^^"'~ ^""^^ ^^^"'"~ ^~'^'"^

I

or, therefore,

-S^ besmB + ^-^c" {e''+ e-'') +^ 6^ sin^ 6 (e'' = + e—') -^^besmO (e"+ e-'-JA A A A

_
_j7

(e«^ _ e-«^ _^ 6 c sin 6 (e''- e-'^f +
x"

^' (^"^ " ^~"0 (^ - ^""^ ") (9)

Let 0=0, then z=h, and the equation gives

A A ^ '
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or ^ c^ (e" * + e-« '0 1 1 - {^ a \ (e« '' - e-'^ ^J \ ^g (e« '' - e'"- ^)

27r „
ah_^—«h

C2 — ^ .

e"" + e- !-(-.)(.'

277, 27r
,

= ^ o^ nearly

hence c^=gh.

11. Our result has been obtained from equation (9) by putting 6=0. This

mode of proceeding, of course, gives only one result ; we shall, therefore, pursue

another process in order to obtain a second.

Since z=h + a (e«* - e""*) sin 6

— h + m sin 6 SUppOSe,

let us substitute this value of z in the equation (9), and expand the exponential

functions.

It will appear readily that

277
e«^ + g—«« = e"'' + e—"^ -^»«sinO(e«^-^-«'^)

e"-" - e—«^ = e«^ - g—«* +^m sin (e«^ + e""'')

if we omit powers of m sin 6 greater than the first.

But equation (9), by means of these values, becomes

+ ^b' sin2 (e«^ + e-« *) -^ 6 c sin (e" '' + ^-« *)2

^ '^'
6 c sin2 a a (e" ^ + e-« *) (e« '* - g-" *)2 =

^ (e«* -e-«'') +^^a sin^ (e^"'' - e-2«*')

_?^ 6 c sin (e"^ - e-«'')2 -^ be a sin^ ^ (e*^ + e-«^) (e«^ - e""*)*
A A^

27r r ,.A _„* 2'7r

A
,2/ ^«A _ g-«A +f^ « sin e (e^

«'' - e-2 «^) I

X
I

e^-l' - e-2«A +i^a sin ^ (e^"'^ + e-2«*) (e«* - e-«^) I

This equation will furnish the two results mentioned above. The first, de-

rived from the parts which do not contain B, is

A ' A

VOL. XIV. PART II. 4 R
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and by substituting a^a^c^ for b% and transposing it, becomes

2'^
o (,«*+ -"'') (l-.^. a '(e"'^- e-^'^f \ = ^ (e"" - e''^')

2__ art — a h
TT „ e — e

c^ - 9

the same result as in art. 10.

The second result is

«^
' ^_Z! ,.«(,«/' _ ,-«/')2 + ^ ... ..^./'

,

.-«&_o_. ^^^^ .^^^^^., _ -.ky ^ 2Zi 6. (,^./' + e-"-')

—^ be - g—— (e^«'' - e '*«'')

Whence « = j^^^^ \
—-{He'^' - ^-^^") -^ ^^ («"'' - .-">' +-^ .^ I

c^ (e""- + e

<* ^ o— *- ''\3 ,.« /* „— K A

„ /a. II „— a ft \

These two results give us, respectively, the velocity of transmission and the

height of the wave.

If h be small compared with A, the above equations give

(^ =gh
A

« = 7^
—

as an approximation.

The first result is too well known to require comment ; the second, if it have

any truth at all, appears to shew that the tendency of waves in shallow water is

to become semicircular, measuring from the mean points to the crests.

12. Before we proceed further, it will be convenient to make a trifiing al-

teration, both in the mode of proceeding and in the notation.

Let now represent x—et instead oi ct—x, and denote u by the sum of a

series of terms of the form

bo + b, (e'^y + e-'^y) sin + &c.

which is the most general form of which it is susceptible for a wave motion.
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Let udx + vdyhQ denoted by dcp, then it is a well known theorem that

!L. = _,.,_.. ^Jt _!..(,.,,.).

By means of this equation a value of p is found, which being treated as in

art. 10, will give the values of c and bo, &c.

We proceed to the most general case.

«= 6, + b, {e^y + e-'^y) sin O + b^ (e^'^!' + g-2-2/) sin 2 ^ + &c.

v=-b,(e^^~e--y)cos6-b,(e^-V-e-^-y) 00826 + &C.

'^-;^ = - cib^e"^' + e-'^^'sind + b,(e'-^' + e-^'^i' )sm26+ ...}

.-. |=-^i' + ^{6.(e''-"+^~"-' sin + 62 (/'*2'+e-2«2/)sin2^ + ...}

-2 {b; cos2 d + bl COS 4: 6 + ...}

+ 22'b,b,{e^'-y + e-^~'''y)oosl^s6

-2l'b^b,(e'^''y+e~^^'^y)G0B7T7e] + P

=-gy + c2br{e'-'^y + e-'-'^y)smr6

-^bl-b,^b,.{e'-'^y +e-''^y)8mr6

-| 2 6, b, {e^^^y 4- e-'^^^V) cos^^

6

+l2b,Me^''y+e-^"'y)Gos7T^e+p

the symbol 2 denoting that all the values of b, b, are to be taken, so that ?• mav
= 1, 2 . . . and 5 = 1, 2 . . .

13. Now, since | =/(^,y) -/(^,^) ;

the first differentiation gives us -^

=

it(^^ .

° gdx dx

the second \ dp^ dfjx.y) _ df{x,.)

Qdx dx dx

Hence, since the two are equal, we must have ^'-^^^^^ =^,z being consider-

ed a function of x.
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Now f(x,z)=-gz + c2br{e"'~ + e-'-''')%mre

1- i 2 6, 6, (e''+*
«
" + e- »•+*

« cos (r- *) 6

-2a{6;sin2a + 26*sin4^ + ...}

+ al r— sb,.bs{e +e )sinr—sd

— a2r + sbrbs{e +e ) svar + s u

-t {c-b,)a{b,{e'^' - e"^' sin ^ + 2 b, {e'^"' - ^-^"^)sin2 ^ + ...} —
dx

-{bfie^"' -e-'^^') + 2b\{e^''' -e-'''^') + ...}a~
dx

T/ . i 1 f r + Stt.z — r + Stt.z\ /» dzal r + s brbs(e —e )cosr— s0 —
dx

d ir—s a. : —r—s a z\ /» a «
+ alr— sbrbg(e —e )co8r + sd

dx

or, if we adopt the latter notation, where 2 includes values for r and s, which

may be identical, which 2' does not ; we get

1
+ -oi.lr— s brbg{e +e )sinr— sd

-ta2r + s b,b,(e''-'''' + e~^-''') sinr + s d

, / iN V i / ^«-? — r«Z\ •_ /J
dz

+ (c— bo) a z bf r (e — e )8inro.-—-
dx

2 dx

dz
.

"' -^ J 1 / T—^s a z —r—s tt.z\
, a ""^

+ --lr— sbrbs(e — e ) cos r + s v . -— .

2 dx

14. From this equation we shall be able to obtain a complete solution of the

problem, as far as the assumed form of the velocity expresses the actual state of

motion. It will readily appear that z can contain only sines of multiples of 6 ;

for, if it could contain cosines, v would also contain sines, which it is supposed
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not to do. Let us then assume

+/e-«^sin^+/2e-2«^sm2 + &c.

+a^A a,(e''^-f,e-"') sin e + 2 (a,e^ ''^ -f.e-^'^') sm2 + to.}
€v t

dz
or substituting for -r- its value

(
— 0, e —e coso — b^.e —e cois2 a— &c.) x

{!-«.(«,/ -/e sin a + 2.a,e^"^-/,e-^"%in2^ + ...)}

.{6^_c + 6^(e"Ve~"0sina + 62(e2«^+e-2«^gin2 + .,.}.

By equating coeflBcients, we obtain

a,a^(ba— c)=—b,, ...

2aa2(6o— c) = — 62, ...

&c. = &c.

.-. aa,(c—bo)=b,

2a,ai{c~ &(,) = 62

3 a as (c— 60) = 63

&c. = &c.

So that ^=-^ + a, (e"^-e-"^)sma + a2(e2«^-e-2«^)sin2 + .

rf«
and -T- {l-« («.e«-'+e-"^ sin^ + 2a2. e^"^+«-^«^sin2 + ...)}

ax

15. Substituting this value in the equation, we get

{1- a (a, e"^T?-«^ sin ^ + 2 a^ e^^^+7-^^ sin 2 a + . .
.) }

VOL. XIT. PART II. 4 S
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the symbol 2 applying to all values of r and s from 1 to oo

.

16. But since
b,^2a^

2a,=^a,.

Similarly 3 03= ^63, 4o,=^6, &c.
0, b,

Hence, if we substitute these values in the above equation, it gives us

+ 2 2 (r-s) brb, (e'- + »«' + e-'- +««^)sm/-*6

-^ 2 (r + *) br bs {f^"^' + e-*^^"- ) Bin Ws 6 1

-^ 2 (? + *) 6, 6,
(e'^s«^_^-7T7«.>) cos(r-*) ^

+ ^ 2 »^^ 6^ 6, (e*^"*- e-^^«-' ) cos 7+^ ^ n

a a
l{6^e"^-e-«^cosO + 6,(e^"^-e-2«^cos20 + ...}

17. By multiplying the upper line of the first side of this equation by its

factor, we obtain

(c-b,) a 2 /• 6, (e'-«^ + e-*""^) cos r

_a2^(c_6„) 2r 6, 6,
(g*-"^ + g-*-*^ (eS«« + g-^"^) cos r ^ sin * ^ :

the analogous term on the second side of the equation is

-a2 (c-bo)^ 2 (e*-"^ - e-*-"^) (f"' - e-««^) 6, 6, r cos * sin / ^

;

if this result be brought to the first side of the equation, and combined with the

former, we obtain
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(c-6„)a2y6, (e''"* + e-''«0 cos /

+ a2(/ + *"^ + e-'- + ««0^6r^.sin/-*0

-a^{e''~"'' + e-'-"'')rKb,smr + s6 (1)

it being observed that a-^c-b„=l by (14).

18. The result of the factor unity is (omitting the part which has been al-

ready considered)

J l(r-s) br b, (e'-+'''^ + e-'' + "'^) sinr-s e

-^2(r + s) brb, {^' "^ + ^-^^« «' ) sin 7+1 6 (2).

The remainder of the upper side is

2 b

a? a.

'-l,{r-s)brb,bt(/-^"''+e-'- + "'') (e<«^+e-*"*)sinr-*0.sin/0

+ ^2(r + *)6,6,6,(e'-^«" + e-'--^«") (e*«~' + ^-*«^) sin r + * 6 siiW^:

and the corresponding terms of the lower side are

a? a

2 b
'-l.{r + s)b,b,b,(f + "''-e~'' + "'') (e^""-' - e-*"^) cos r-s e cos 1

6

i2(r-*)6,6,6,(e'-^«^-e-'"-*«^) (e*"' -e-*''') cos r + s 6 cos 1 6
2 b,

which being brought over to the other side, the sum of the respective terms is

or a

26

r—s + ta.z , r— s

—

ta.z
,
— r— s-vtuz — r— s-—ta.z

+ {r + s) {e +e +e +e ) sin (r + *•) 6^ sin ^ d

r + s+taz r + s—ta.s — r+S + t«z —r + s—taz^— {r + s)[e ^ —e +e ~e ) cos(r— s) 6 cos tS

, / \ / r—s + taz r—s—taz
,
— r— s + taz — r—s—ta.Z\ , , /i /, |

+ {r— s)(e —e +e —e ) G0s{r + s) 6 cos fv

which becomes, by multiplying out, and adding together, such quantities as Avill

make up cosines of sums or differences of the arcs which appear in the present

form,

_^^^r + s + t.z _^-r + s + t.z^^^^^_^^^Q

+ y (/+'-* " ^> 6-'' + ''-*"^) COS y -* + ? a

+ «(/ + *-*«^ + e-'- + *-'''Ocos/-*-;0
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+ r(/-^ + ^«" + e-^-^ + ^"Ocosr + *-^0

s {e +e )oosr + s + t6

+ s (e'-'-* '"' + 6-^^^^^"'')
cos r + s-td J

Or since
2rcosy-*-^0/+* + '«^

&c. &c.

this term may be written

"26
-' Ib^b.bt

j
-2y(e''+« +««^+ e-^ + * + ««-^)cos« + ;-r0

+ 2y(/+*-*^^ + e-^+*-*"0cosr+;-*^

which may be written

a^a= -^2rbrb,b,{ - (e/«^+e-A^cos/-2r - (g/- ^'"/"^ + e-/-2'-/«^)cos/d

+ (ef-^^/'" + e-f-^*^<'')coa(/-2s). ^ + (e/-2V«^ + e-/-2*/«^) cos (/-20 6j (3)

if r+* + # be denoted by/

19. The remainder of the lower side of our equation is

•^' 2 J, (e*- « ^ - e-*- « ^) cos /•
.

By collecting these several terms our equation is reduced to the following

very simple form

:

(c- bo) a2 r brie""" ' + €-''''') cos rO

r + saz . — r + s«g<
+ az{e +e JTb^b^ sm r—so

— az[e +e ) y o^ Oj sin r + * a

a

.

+ ^2(r-*)6,6,(/+*"%e-'-+''"0sm/-*a

a
-'^lr + sb,b,(e'-"'' + e-'—'''')sm^T76
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-+^'2,6,6,6, {_(,/«% ^-A^)cos7^^27.0-(^-^-2'--«"+e-/^^'-«^) cos/a

+ (e/-2*.«.^^-/-2f.«.)^^g^_2^^^(^^/-2s«^^^-/-2..«^^^^gJ3^^
j

9' * ^/ V 7, /„»• « ^ »• « ^

h.

or

2 6y (e " — e
*"
"
") cos r ^ :

(c- 6,)2 « 2 7- 6, (e*" " ^ + e-
'
« ^0 cos ?• ^

+ 2a2(e 4-e ) r brbgSmr— s a (c— d„)

-2al(e''-"'' + e-'—'''')rbrb,smrTse(c-b„)

+ a^rb,b,b, {- (e>"«^+e-/«^)cos/-2y.a-(/-2''"^ + e--^-^''"^)cos/0

or finally

(e-6„)' 2 r br if' - + e~ '•«-) cos ?•

+ 2,{c— bg)l.r o^bsl {e +e )sinr—so — (e +e )sn\r + sd
[

+ 2rbrb,b, {-(/"%e--^"^)cos7:^27a-(e-^-2'-"^ + e--^-2'-«0cos/^

= -"^- 26,(e'"«--e-'-"-)cosra.

20. This expression is exceedingly simple and symmetrical, and might be

very easily applied to any hypothesis respecting the coeflBcients b^ , bi . . . It may
be satisfactory, in the first place, to deduce from it the particular form already

obtained, art. 10.

Let b, be the only value of b, then r=s=t=l, and we get

c'b^e^^+e- "') cos ^-2 c 6^ 2 sin 2

= iL6(e«--e-«^)cosa

or

c^ 6 (e" ' + e~ " ^) cos — 8 c b^ sin 6 cos 6

VOL. XIV. PART II. 4 T
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that is, if we divide by b cos 6

-2 6'(e«^ + e-''--)cos2 + 36'(e«^ + e-«^

a

Now the expression in art. 10. is this,

-8 6csin^ + <^'(e«-+e— "^) + 26'l-cos2^(e«- + e-«^

which is equivalent to

-2 6^ (e"- + c- "-n cos 2 a=— (e"-' -e" «

M

an equation identical with the one above.

21. Let us now derive from the equation the value of c in terms of b^b^ ... .

1. In the first place, since bo is in every place subtracted from c, never occur-

ring in any other way, we derive the following important conclusion :

That a progressive motion of the fluid does not affect the velocity of trans-

mission of the undulation relative to the position of corresponding particles ; in

other words, the velocity of transfer of the undulation is exactly equal to the sum

of the velocity of progression, and that of undulation in a fluid at rest.

2. If we make 6=0, we obtain

(c- bj Irbr (e^ " '' + e" '"

« *)

which equation gives c-b„.

The two values so obtained will be equal, but will have opposite signs, since

the term which involves the first power of c— 6„ does not contain any cosines.

This cu'cumstance that the sines are combined with the odd powers, and co-

sines with even powers of c-b„ is very remarkable, and it is probably connected

with the relation existing between the quantities b,,b.2 .. . , but we shall not at

present enter into a discussion of the subject.

If it be thought more simple to obtain (c—boj in terms of o,, a^ . . . , than in

terms of b,, b., ... , this can be at , once effected by means of the equations in

art. 14 ; the result being

;
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+ a-l.r-st{c- b,y a,. «. « I - (e-^" ^ + e"/" ''

)

- (e^^- 2 »)
"- '* + e-^'t'- 2 ') "

'') + e(/- 2 « A + e?-(/- 2 «/' + gC/- 2 s) « A _^ e-^-^'- ^ s) « A j-

^ _ , r cull — r ali^=^2rar{e —e ).
a

From this equation, we obtain

/ I \2 t^ V / r a.h — r a.h\ ,

{c — bo)——^ra^(e —e ) -i-

22. Since ?; must of necessity be zero at the points where ;$; is a maximum
and a minimum, we get for the values of d at such points, first from the value of

dz
-r- being at such points,

and from the circumstance that v=0.

But by art. 14,

b=a.{c— b,) a,

b.2= a (c— bg) 2 a^

therefore, the second equation becomes

which is identical with the first. This is strongly confirmatory of the correctness

of our operations.

If (as is probably always the case) the wave be symmetrical on both sides,

we must have this zero occurring at points distant from each other by -g- ; hence

6 = —, -—-, and a.2, at, &c. =0; 62, 64, &c. =0.

The value of u at such points is

y —— y
u—b„ + b^e sin O + b^e sin 3^+...

2* 6(j- 10;

6='^- \ =b, + b,e ^ -b^e ^ -{-h^e ^

e=^\=b,-b,e ^ +b,e ^ - &c.

— &c.
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2. In the case of common oscillatory waves, there ought one to be positive

and the other negative, equal in magnitude,

from which it follows, that bo is a quantity depending entirely on the progressive

motion.

SECTION II.—VARIABLE WAVE MOTION.

2o. Hitherto we have confined our attention to motion in two dimensions,

limiting the channel to one of uniform breadth and depth.

We proceed next to the more general case, where the breadth is variable but

the depth constant.

To take the same order as before, we will commence with the hypothesis

that all vertical sections have the same horizontal velocity at any tune, the sec-

tion being perpendicular to the direction of transmission.

By reference to arts. 2, 6, and 7, the process which follows will be perfectly

intelligible, without any lengthened explanation.

We commence with that case wherein the section perpendicular to the direc-

tion of transmission is a triangle, one side of which we may suppose vertical, but

it will not affect the calculation.

Let the axes be called those of oc, y, and z ; the introduction of a third being-

requisite in this case. In the former calculations, we
adopted z as the representation of the depth : in the

present case, we shall use the letter s for the same

purpose.

The annexed figure is supposed to be a section of

the fluid perpendicular to the direction of motion, and

it is supposed that all sections so made are similar.

Our object is to determine the motion of a portion of

the fluid enclosed between two planes perpendicular to

the direction of translation.

Let a be the distance between these planes at the time U

a + Ba. . . . . at the time ^+^^;

s, the depth of the fluid at ^, .

s + 8s Sit t + 8t',

r the breadth at the top at the time t,

r+8rsitt+8t;

then, from the property of the triangle, r and s bear a constant ratio : let r=ms.
Also, since the quantity of fluid between the planes is supposed to remain

unchanged, we obtain

rscx,= (r+8r) (s + 8 s) (a, + 8 a)
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or s^ a= (s+8sy (a + B a)

=^a + »^da + 2sads nearly

8 S=—-- da
2 sa

= -^8cc

ds _ s da.

dt 2a dt
'hence

24. Now, the moving force on this mass is

fjdy dzj)-ffdy dz \r>^-1.8x\

and p=ffQ-s—i/--^Qu^,

dp_ ds du
dx " dx " dx

Hence moving force .
-

=J^ ^yj^'^ ^^
{
d «-y "2 "

J

^g ______
7^s + -T-« , ( / ds \ loo <^w

"I

^
'i^ dy}^g\^sA.—a-yyy-^u- + 2u—a.my\^

ds r m
ds

s+ -— a
dx 1/ , n du \ ds '

3 „ ds „ds 1 / „ ds , „ du \

2 dx dx 2 \ dx dx J

1 ^ds 1 / . ds , „ du\

=-2^^"'^-'2^"r'^'' ^^j

and mass moved = g- * « ?

„ds du

, .. „ ds dx dx
therefore, acceleratmg force = -^ ^r:

+

;

VOL. XIV. PART II. 4 U



526 PROFESSOR KELLAND ON THE THEORY OF WAVES.

25. Also, u = b sin ^r--(ci—x)

J. . ' 27r ,

A

du ,27r 27r,

ds 2nr 27r,
-r—= — « • "s— cos . -.r— (c if— a;),

-^ =-^ be cos 6
J-

b^ sin ^ cos 6.

Consequently, -^ be. cos 6—^ b^ sinOcosd =— a^cosd
A. A X

__ 277-^2 « COS 6sm^d + sin ^ cog 6 {h + a sin ^)

^ /i + a sin

Multiplying out, this gives

{ag-bc + bUm6) {h + as\n6) = b^ asin^ 6 + t^ sind (h + asmd),

or (aff-bc) (h + asind) = b^asin^d.

Whence we get

ha^—hbc=o;
ag= bc.

(dx\ 2 ^
But

and

hence

/dx + da\^ ( du \^

rfar c?a du
dt dt dx

da _ du
d t dx

du _1 da _ 2 ds

dx adi s ' dt^

whence, by substitution,

(A + a sin 6) b cos B=2 a cos ^ (c— 6 sin ^) + . , .

or if we put for h its value found above,

^J± = 2ae
c

hg = 2e^

That is, the square of the velocity of transmission in a triangular channel, is half

the square of the velocity in a rectangular channel of the same maximum depth.
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It may be thought necessary to verify this result, although, from its sim-

plicity, I suspect it must have been known to Poisson and others. As, how-

ever, I have never seen it, or met with any reference to such an investigation, I

have added a few examples from Mr Russell's Report on Waves, in the last

volume of the Reports of the British Association. The wave which Mr Russell

has examined, is different from that which has been assumed as the basis of cal-

culation ; but the difference makes no alteration in this result, as will be seen

hereafter.

From the analysis which Mr Russell has given of his experiments, I select

the following results ; being those for which the height of the fluid in the tri-

angular tube most nearly coincides with that in the corresponding experiment in

the quadrilateral one.

Depth of Fluid

in inches.

Velocity observed

in rectangular

channel.

Velocity observed
in triangular

channel.

Do. computed
from those in the

second column.
Difference.

4.15 3.20 2.19 2.2

4.23 3.35 2.42 2.4

4.32 3.40 2.43 2.4

4.38 3.40 2.46 2.4

5.69 4.05 2.66 2.8 .1

6.26 4.08 2.88 2.9

6.38 4.04 2.85 2.8

6.52 4.05 3.02 2.8 .2

7.21 4.32 3.02 3.0

7.36 4.39 3.02 3.1

The only discrepancies are those which I have placed in the table ; but it

may be remarked that, in all cases, the circumstances are very different in the

two experiments, depending partly on the height and partly on the length of the

wave. That the two cases fixed on should be at variance, is not to be wondered at,

when it is remarked that, in the rectangular channel, the velocity is the same for

both cases, whilst the depths differ by about an inch ; and it is by means of the

depth alone, that we have compared the results in a triangular channel with

those in a rectangular.

On the whole, I conceive the coincidence between the different results as a

striking confirmation of the process which has been employed, approximative as

that process confessedly is.

26. Let us now take the general case of any shape whatever to the vertical

section.
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Let K represent the area of the section of the fluid at the point x, z/, z.

Then K„=(K.i^a,)(„4;5.),

=K-- + a-
dt dt

News K is a function of the height s ; therefore, s is a function of K.

Let 5=/K
ds _ ^ dYi

Tt ~-'
' Tt

a dt

NoAv the moving force, on the mass of which the thickness is a

ds

where 0^=^ is the equation to the generating curve of the boundary of the

section.

And P=9g (s-y)--gu%

dp _ ds du
dx dx ^ dx

moving force A , C'^'^ i / 1 oX

dt

^j

7^s
, f ds du 1 ,

/ds . 1 .

'^Tx'' dy[gs-y--^u'^\(py.

Let f(pydy = Fy

fy^ydy =fy
moving force _ _ / o?5 _ du\ tji / a

p V^ ^dx)"' ^^

(1 ,\ c?« _,, ds .,

^'-2n''d^-^'-"'d^'^'
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/ ds du\ „ / 1 2\ ^*^
.

^* ^
Y dx dx) V 2 / dx^ dx''

^

dx dx) 2 dx '

and mass moved =K a ^

= ap Fi/ =aQFs

n <^* dul„ds(bs,^,
therefore movmg force =-^rf^ +«^+2''-^F7 ^^^

This is an expression which can be applied to different shaped channels with

great facility.

Also, as in other cases,

'dx + d a,\^^doc + day _ / du \^

V 1} ) ~ \ 'dx"')

and

da _du
dt dx

du 1 da. 1 dUL

dx a, dt K d

t

Now K= F.

dJL -r^, ds
" dt dt

, ds— (bs.-r-^ dt

dw_ (p s ds ,„,

•'•
d~x Fl'Tt ^^

By means of these equations the velocity and motion are discovered.

27. Ex. Let us take one example for the sake of illustration.

Suppose the canal to have the parabolic form, then

„ 2/— 3 J d)s S 1
and Ft/=-Vm.y^ and ^^=2 ^

'

By the substitution of this value in equation (1), we obtain

du _ ds du 1 2^*3 1

dt dx dx 2 dx 2 s

or -^r-bc .cos 6——— b^ sin 6 cos =
A. A

P, „ n b^ sin^ 6 -^— a cos 6
2^- ^ 27r., .

/J /J
3 A

-r-affC0SC7 ^- sin a COS t7

—

-. ; :—

a

A"^ A 4 h + asmo

therefore ag—bc=0 by equating the large terms as in other cases.
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And from equation (2)

du_ 3 ds

dx 2sdt

(A + a sin ^) 6 cos ^= ^ a cos ^ (c— 6 sin 6 + ...

no= j- a c .

If we put for h this value in the former equation, we get

3 ac^

/2 ,

IS,! -^^

2
or the square of the velocity in a parabolic vessel is r of its value in a rectangular

o
one.

28. We may readily deduce the more general results, viz.

a^-bc= (1)

b cos 6= a cos 6 (c—b sin 0) ^—

b=ac$A (2)

F/«

_ area of vertical section

breadth at surface

29. The investigation supposes the curve a continuous curve, but, except in .

extreme cases, it will apply equally well to others. For instance, it will apply

to the cases examined by Mr Russell, viz. when the areas are trapeziums. We
will apply the formula to one or two of these experiments of Mr Russell, and

then quit the subject.

In the channel M, the breadth is 12 inches, and the depth of the triangular

part 4 inches : therefore area of triangular section equals 24 inches. And if we

take the height to the centre of the wave as the height corresponding to h, we get

for experiments xc, xciii, mentioned p. 444

;

A =6.21,

area of parallelogram .
=26.52,

therefore area of section =50.52
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50.52. „ ^
and c-=g . —^ in feet

32.2.(50.52) (32.2.) 50.5

=—lii ^=144 '"P^^^^

. 40.3 ..„

Experiment gives it 3.08.

The discrepancy is due entirely to our not knowing in any case the exact

height (Ji) which gives c^=gh for a square formed canal.

This discrepancy is not much greater than that between two waves of the

same height in a rectangular channel.

By computing the velocity of the next waves given by Mr Russell, we ob-

tain c=3.45.

By observation c is equal to 3.50.

For the next and last set we obtain 3.56, which by observation is 3.86.

30. I propose, in the last place, to deduce a first approximation to motion in

a channel of variable breadth, taking only that case for which the channel dimi-

nishes very slowly and uniformly.

Let z be the breadth at the point whose other variables are x and t.

z z= m (l—x)

I being the whole length of the channel from the origin.

Adopting all the previous notation, we obtain

zsa=-s;-\-Oz s+os a + 6a

dz ds da. -

or a*- t-a^-—\- zs -^— —
dt dt dt

Ida 1. dz Ids
a. dt z d t s d t

du 1 dx \ds ,-,,— = -m (1)dx z dt sdt

31. Now, we may find the variation in the height of the wave, by supposing

its length to remain constant, an hypothesis which must be considered as merely

approximative.

The volume of the wave will vary as

'^ r^" . 2'7r
, , , ,asm-^— (ct—x)dxdz

Ao

or as aXz + C

hence, if a' be the value of a at the origin,

a' \ . I = a\ {I— X)

. I
a = a .

l—x

1 d I . ^
s = h + -— sm V

l—x

u = b sind .
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By substituting these values in equation (1), we obtain

27r
-J

. r^db mbsaxd—-— . cos a H- sin a — =—
A ax m (l—x)

h + ; sin 6
l—x

[ dl . f. Inr d I n dx 2'Tr d cl ^ \-— +^- -- COS0 I

dt A l—x j

Equating coefficients of like functions of x, we obtain approximately

delbh=

and
db

l-x

b

dx l—x

log6=log-^—

b _ I

~y~ l-x

b'l
b=

l-x

h' being the value of h at the origin.

du ds du „

Again, IT = -^d^^''di^^''

—-— 6 c . cos 6—^— b"^ sin 6 cos ^ + sin^ 6—
A A dx

2'Tr d ql ^ gal ./, .= ^: ^ cosO-^f

—

— sin 6+ &c. :

A l—x {'—*)

or equating only those coefficients which belong to the large terms,

bc=

But we have shewn that

bh:

l-x

del
l-x

h c

or c^=9h.

Thus it appears, that the velocity is not altered, whilst the height of the

wave increases in harmonic progression. This result does not agree even roughly

with Mr Russell's experiments ; the reason for which is, that his waves were of

considerable length, so that the variation of the channel through the length of a

single wave cannot be neglected.

To attempt the solution of the more general problem, would lead us into

very complex analysis. It must consequently be reserved for another memoir.
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SECTION III.—SOLITARY WAVE MOTION.

32. The subject for investigation in the ensuing section, is the transmission

of a sohtary wave. Waves of this kind are so generated, that, throughout the

whole length of the wave, the velocity parallel to x is positive.

As to the vertical motion, it does not appear probable that any difference

would be caused in it by the horizontal motion ; we may then conceive all the

circumstances to remain the same as before, with the exception that the whole

wave has a transmission parallel to the axis of x. By art. 8, it appears that the

only functions which will satisfy the conditions are,

u= b{e''-y-^e-^y) sin + 03^,

v=-b{e''y-e-''y) GosO,

6 being = x—ct.

We shall hereafter discuss the variation which these formulae admit of, but

there does not appear to be any other form capable of satisfying the necessary

conditions.

We may remark that p is not now, as in the former case, a complete differen-

tial, except approximately ; it becomes, then, a question in what manner to vary

or increase the formulae, &c., to render it so accurately.

This discussion will form a distinct branch of inquiry, into which I forbear

to enter at present.

Let us return to our equations.

The condition to be satisfied is, that, when t=0 and x=-t, u shall =0, and

t)=0: this gives

and we get

M= 6(e«2' + e-«2')(l + sin0)

v=-b{e''y-e-''y)Go^e.

33. Lest it should be thought that, in the case before ua, the assumption

which we made in art. 8, that the form of the circular function is
*" —- x-ct,
cos A

is inapplicable here, I offer the following demonstration of the point.

Take the most general form involving only one circular function :

u— {e'^y + e~'^y) (smaxft-GOSaa;(pt+G + c)

r=—(e''y— e~''-y) (cos axf (+ sin ux(p ( + K)

where the circumstance that v=0 when 3^=0 for all values of «, gives the form of

the exponentials; and the relation ^ + j~=^' gives that of the circular func-

tions. C and H are supposed to be functions of t.

VOL. XIV. PART II. 4 Y
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Now, when ^=0 and ax=-^, «=o, and t.=0,

Hfl being the value of H when t=0.

Let ^= ^' + (e'''~e~'''')(D + cosaxFi+ iimax-^i)

- C^"
'

- «~ " ^; (a sin a a: F /- a cos a ar 4/ if)

X if-
'' + e~ " -) (sin « a://- cos a a; ^ + C)

hence we obtain, by putting for ~ its value {v) ^,

(^"^— e~"0 (cosaa:/; + sina;c0('+H)

X {a(f''- + e— "-~) (D + cosaa;Fir+sinaz-4/;)-l
}

= (^ -^ ) 1-^ + cosaa;F7 + slna.r^}/'M

-a(^2«.-_^-2««-) (sinaa:F^-cos«ar4.^)

X (sin a Xft— CO?, a.x(p f + C).

Equate separately to zero the coefficients of e"^-^-"^, and of e^'^' -e-'^"',

and there results

(cos ««//+ ain a.xcf)t+'H.) (D + cos a ;i- F ^ + sin a a; -vl/ ^)

= — (sinaa;F^— cosaar-v)//) (sinaar/^— cosaa; ^+ C)

and cosaa;/^ + sinaa;0;+H=--- cos a a; F'/-sin a.r-v)/' iT.

From the former equation, we obtain

D (cosaar//' + smaa;0?)+cos2aa;/^F^+ sin2aa:0/-v|/;

+ sin « a; cos a a: (/; .v)/ i( + F ^ ?) + DH + H cos a a; F if

+ Hsinaar'4/^ = — C (sin aa; F ?— cos aa; -^ t)

— sin2 a a; F tft— cos^ a a; ^ %}/ <f + sin a a; cos a a: (F ^ ^+// -v). () -.

in which, if we equate the coefficients of sines and cosines of a a-, 2 a a;, &c., we get

D/^+HF^=C.v|.^ (1),

li(pt+B.-^t= -CYt (2),

ft-^t+'Ftcpt=Yt(pt-^ft-^t an identity;

'2J)^+ft¥t+<l)t-^t=-Ytft-cpt-^t

or DB.+/tYt+(pt^t=
(3)

ft¥t-(pt^t=Ft/t-cpt^t an identity.

From the second equation, we obtain, in like manner,

?7 = -H (*)
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/V = -F'^ (5)

(pt=.--^'t (6).

34. Let us next solve these six equations. To find C, we must combine

(1), (2), and (3).

From (1) and (2),

C((pt4>t+ftFt) = E.((ptF(-^t/f) (a)

and ft-om (3),

-GBB. = G(ftFt + (pt^t)

-G'D = {<ptYt-^tft) (b)

To find H, we eliminate C by (1) and (2), and obtain

H{(Fiy+(^(y}+j)(ftFt+(pt^t)=o (c)

Putting for H its value from (3), we get

(Fty+i-^tf^B^ (d)

Also, by (5) and (6),

ftF t + cpt'^t^-i^ tF' t + -^t-^' t) (e)

= -D^=DH
dt

But by (3),

ftFt + (pt-^t =- DH
DH = 0, /7F^+</)^-v].^= 0.

35. We may satisfy the equation DH=0 in two ways: 1. by making D=0,

in which case, by virtue of equation {d), both F^ and 4'^ equal zero, or z is itself

constant. This case corresponds to equilibrium, and we have nothing to do with

it. 2. By making H=0 ; which hypothesis requires that D should be a constant,

independent of the time, by equation (4). To prevent error, in consequence of a

quantity equal to zero appearing in our equations, it wiU be desirable to wiite

them down again, omitting H. We shall also omit t for the sake of brevity, and

write/instead otft, (p instead of (pt, &c.

The equations are

D/=C4. (1)

D0 = -CF (2)

/F^-0^i/ = O (3)

/= -F' (5)

<P = -^' (6)

The equation (3), combined with (4) and (5), gives
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F^ + ^vj/'^ a const,

= E'^ suppose

:

but F^ + ^^=^\/^ + 0^) by (1) and (2);

or F" +^"=^ by (5) and (6).

If F=Esin7, -v^ will =Ecos7;

\dj) ~D

36. Again, since x}/=\/E'— F'

Ve'-f^
C'E^

by substituting which in the equation F'' + -v|/"=—- we get

j,,^
F' F" C E'

or

E'-F^ W

F' _ C ,

and F= Esin (|/c.,)

Similar values may be obtained for the other quantities /, (p . . . , and thus the

number of arbitrary functions will be reduced to one, viz. C. This is the general

solution of the problem. -

For the present, however, we prefer the examination of the following parti-

cular case

:

37. Let F t=e-^'(fcoaact+ff sin uct+k)

'^t=e~'^'(pGOSac t+ qsinac i + r)

/t=me~'^' (fcos . +^siD.. +k) + uce~^^(/sm.~ff COS.)

= e~"" (mf— cLcg . cos .-^-mg + acf . sin . + mk)

and <p i— me-'"'^'(pGOS . + g sin . + r) + a c e—""'
(p sin . —qcos.)

= e"~"" { mp— acq cos :+mq + a, cp sin . + m r]

by writing cos . for cos a c ^ and so on for shortness.
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And the equation /F + cpy^—O gives us

(/cos . +^ sin . + k) (mf— a eg cos . + mg + a c/sin . + m A;)

+ (jocos. + ^sin . + r) {mp— acq cos . -^ m q + a cp mi . + m r) =0.

Equating coefficients we get

fimf—acg) +g{mg-\-acf) +p(mp— cccq)

+ q(mq + acp) + 2mk^ + 2mr'= (1)

/(mf-acg)-g{mg + acf)+p(mp-acq)

—q(mq + acp)=0 (2)

f{mg + a cf) +g {mf- a eg)

+p (m q + a cp) -^ q (mp— ac q)= (3)

mkf+k{m/—a,eg) +mrp + r(mp— acq)= (4)

mkg + k(mg + acf) + mrq + r(mq + aep)= (5)

38. From combining (1) and (2), there arises the following equation

:

/(mf—acg)+p(mp— aeq) + m(k'' + r^)=0 (L)

From equation (2) alone we get

m(r + p^-f-q^)=2ac(/g+pq) (II.)

From (3) 2m(fg+pq) + ac (f+p'-g'~q')= (III.)

From (4) 2m(kf+rp)= ac(kg + rq) (IV.)

Prom (5) 2m(kg + rq) + ac(k/+pr)= (V.)

If it be allowable to eliminate /'+/-/ -9^ between II. and III., we obtain

m _ ac

2ac 2 m

or m' + a'c'=
m=^0 , a c= 0;

and all the equations are satisfied without giving any other conditions. In fact,

it is obvious this case is that in which F t, ^t are constant.

Now, the only reason which can operate to prevent this elimination being ef-

fected, is the circumstance that one of the quantities /'+/—/—?' or fg+pq is

equal to zero.

And, by means of the same equations, it appears that both the quantities must

equal zero; or /'+/-/-?' =0 ^1')

/g+pq=0 (2) '

But the first equation gives m (/' + p' + A;' + r")= by means of (2') ;

which again, combined with (V), gives

m{g' + q' + k' + r')= {) (3')

Either therefore m = 0, or g, q, k, r,f, p, are all separately equal to ; but the

latter condition cannot be true,

VOL. XIV. PART II. 4 Z
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also equation (IV.) gives

kg + rq= Q {41);

and equation (V)

kf+pr=Q (5');

lik and r are not each equal to zero, we obtain by equations {4') and (5')

1=1-
9 1

and since by (2') fg= -pq,

3 q

But, in this^case, by (I'),

Hence our functions are reduced to

This solution is one with which we have no concern ; it belongs to a state

of rest, or of uniform motion. If, however, one of the quantities, as k, is equal

to zero, then rjc»=0 and ry=0; either, therefore, r=Oor />=0,y=0. But if /)=0,

y=0 we have by (!') f-^g"" , and by (2') fg=0:
.-. /=0,g= 0;

and we are reduced to the same state as before.

But ifr=0, the only equations to be satisfied are (1') and (20, which are

fg+pq= 0;

and thus we reduce our equations to the form

F i=fcos net +g sin act

y\/ 1= /J COS ac ( + q sin act

/t= —uc(g cos a c t—fsin act)

<p t=. —ac{q cos ac t—psm a c t) ,

39. Now, when ax=--^ and t=0, our assumed conditions are, that m=0,

«=0 ; and since it has been proved that H=0, it foUows that (p t must be equal

to when ^=0 ; hence we must have §^=0 : wherefore we require to have either

/=0 or^=0, in order to satisfy equation (2').

But F^ + -v)/^= a constant

hence (/cos « c / +,^ sin « c t)'^ -\-p'^ cos^ act= const

P-9' . P' _n
2 2

consequently p^=9^—/"'

and p^ is a positive quantity, therefore g^ cannot be equal to 0, hence f= ;

and p=^^9=—9 suppose.
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We are therefore reduced to precisely the old form, viz. :

.u— ie^y + 6^"^^) {—gac sin a a: cos ac t +g ac GO^ax sin ac t+ij + c)

= (e"2/ 4- e-«.y) (6 sin a . .1;- c ^4- C + c)

if b=-gac

V— — (e'^y— e~ "^y)
(J)

cos ax cosac t+b sin a a; sinac #)

= -b{e''y-e~''y) cosa.x-ct.

40. The corresponding value of z is

z=h + {e''' ~-e~"'^) (p+g savac t cosax—g co$,act smax)

TT
Now D is independent of t (35) ; if, therefore, we put ax = --^,t=0, we get by

hypothesis z=h, -

But we obtain ^=A + (e«* -e""^) {^-^^

hence — =D
ac

and
^ \ac ac /

^h^- — {f'-e-^') (1 + sin^).
ac

41. Lastly, C?^p^(^'' (35)

a p^ a? c^ sin^ act+g'^ a? c^ cos^ act

(X p^ a? (^ .• p^=g^
.'. C is independent of t.

TT
And by making ax =-— and (=0, we obtain u=0,

C + c= b

and u=z{e'y + e-"y) b{l + 8m6).

42. Having thus obtained values of u, v, and z, it remains that we substitute

them in the equations which determine the pressure. Now, in doing this, it must

be borne in mind that the values of u, % and z, are not correctly expressed by the

above formulae, and that consequently we must not expect accurately to satisfy

the conditions of integrability of the function which expresses the differential of

the pressure. Still whatever variation may be requisite in the above functions,

to enable them accurately to satisfy all the conditions, it cannot be doubted that

they hold true in the early part of the motion, as far as the large terms are con-

cerned. If, then, in the process of finding the pressure, we take no notice

of terms of the second order, our results will be a close approximation to the

truth.
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We proceed to the determination of the motion. All that remains for us to

do, is to substitute the values of u, v, and z, in the equations of art. 8. We
obtain

^- ^ = -6 (e^^' + e-'^) («cosa)(^-o'\ + « 6^ (^" •'' - e" "
-^ cos ^ (1 + sin ^)

^ dx \dt /
/ V /

= - 6 a cos (e"J' + e-'^V)
{ (6

«" ." + g- «
2/) (1 + sin 0) - c }

+ a62(e"2'-e-''2')2 (1 + sin^) cos ^

= -a6«(l + sin^) cosO.4 + ca6cos0 (e^^' + g— "y)

^^^= ~,g+ i-be''^~e-^v\smda(^-A + a b cos 6 (e^V + 6-"^) (^\
|

= -ff-absinS {bl + smS (e^'^V -e-^^^')-c (e^V -e-'V)
}

-ab' cos' d{e^''^-e-^''V)

+ a.bc sine {fy-e-'^y)

.: ^ = -a.U' {^ cose + 2 smiQ) dx^-c ah cos e if y ^ e-'^y) dx

-gdrj-ab' (1 + sin^) {e^'^V -e-^'^V) dy + abc (fy -e-'^y) sin 6 rf^

= cbd.{e°'y-\-e~''y)sme-gdy

i-= bc{e''y + e-''y)sme-gy + ¥

where P is a function of z.

, . TO 1 d(bxz dd)xz dz ^ ^ . .

Applymg the formula —^— +—^^ '

d~
which we proved, art. 9, we

obtain

= bca(e''' + e-^') cos + (-^ + 6ca sin ^ (e«^- «-«
^))—

and from the value

we obtain

,= A + A(e«^_e-«^) (l + sin^),
a c

dz b
f i^z — tt.Z\ /J ,6/aZ, — a.Z\ r-i , „• /J\— — — [e — e ) cos a H— ie + e ) (1 4- sin a)

dx c c

" r a. Z — a Z\ n— ie —e ) cos o
c

1_* (e«^+^-"^)(l + sina)
c

By substituting this value in the above equation, it becomes

b , u. z — «^\ />- (e —e ) cos V
c

bca(e'"' + e—'") cos0+ r (-^ + 6c« sin ^ e"^-e-"^)=

c
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c

,.2 „ (e". ^> g-«^ _ c 6 « 1 + sina (e"
^" + ^"^

T

c2 a= ff —j r + 6 c a ^—, .-^ .

If ^ be the semi-elevation, e=— (^
"
'- «""'

')
C6

(fail — ea,—; ;l = 7

—

i ;

o2_^
e -e

c'=— —7 -i- [1 — e a—
J

7 )

43. Thus we have obtained the velocity of transmission in a very simple

form. As we have before pointed out, the function which properly represents the

velocity of vibration is discontinuous ; the value of this function at points of the

fluid which are in actual motion cannot be correct, unless it lead to the conclusion

that the motion ceases as soon as the wave has traversed a space equal to its

length. This conclusion amounts to the fact which it is incumbent on us to

prove, that all the superadded fluid, and no more, will pass onwards in the time

occupied by the vibration.

Let Q, be the volume of superadded fluid ; R the volume of the portion which

is carried forwards during the time of vibration.

c a

Q=/ \ dx—(e'''~e-''')(l + sme)^— Co,
4

gKZ _. g« /t + a m + « m sin ^

=±fdxl e"-^ ~ .— ^ +^- (."'' + .-'^•").+
...

c a, \
2

c a\ 2 J
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R= 6//t/^(^ ^ (e« y + e- «
2/) (1 + sin 0)

Now X and t enter always together, and the limits x=p x=q correspond to

t— + r
, — + r; therefore the two are equal, i. e. Q=R accurately.

c c

Consequently we deduce the following important conclusion :

" That all the fluid which was elevated above the statical level has passed

on with the wave, and no other fluid with it."

Combining this with the fact that the velocity of the particles in all vertical

sections through points at the nearer extremity of the wave is zero, and that no

particle is moving backwards, it follows that a wave will not hefollowed hy another

resulting from the displacement which it has caused amongst the particles. Hence

the functions u, v, z are discontinuous ones, having the values assigned to them

when the function x — ct lies between —j and + —^ , but being zero in all

other cases.

It is not necessary to determine what function this is : for, although the de-

rived functions of certain orders might differ widely from those deduced ft-om the

equivalent formul£e, yet the first derived functions of which alone we make use,

representing either a velocity or a force, cannot be very different in the wave as

expressed by its value from that expressed by the form ; they cannot, in fact,

differ from those obtained in ordinary undulations, provided we conceive all the

fluid in motion in the direction of the axis of x. We may conceive, however, a

difference of pressure, and hence probably arises the fact that p is not in the pre-

sent case a complete differential.

44. The formulae we have deduced above will give us the velocity of trans-

mission, provided we know the length of the wave.

Mr Russell has not yet published his results as to the length of the wave,

nor have I been able at present to deduce it to my satisfaction in terms of the

depth of the fluid and the height of the wave. It would appear at first sight

probable that the higher the wave for a given depth of fluid, the longer it will be.

Yet, from Mr Russell's conclusions, it appears the contrary to this is the case. I

have appended a few results deduced from the value of X, which Mr Russell has

favoured me with as the result of his present researches. I must, however, take

the liberty of observing, that, although the first part of it is just what I should

have expected, the latter part is by no means so. Had I chosen a formula em-

pirically, as that which the nature of the case seems to require, it would have

differed from Russell's; thus, for 2 tt A— 2 a:, I should have conceived 27rh + '7rx, or

2 TT ('* + -|-) , as the probable form. But I forbear any further remarks until I shall
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have considered the subject with an especial view to the determination of the

length of the wave.

45. The following results are all that I have attempted to obtain ; consequent-

ly they may be considered as a fair specimen of the whole.

The account of the experiments will be found in the Report of the British

Association, vol. vi.

Wave 1.

2e= .53 /

a. h — « h

and —
-r r = -78

.

aft , — « ft

e + e

Hence c^ =^^ (?5:^^ a- (2.-4.) (.78)}

= 32^A(.9575)-(l-^:Z?_l
12 ^-

* ^ •
\ h .9575 /

_ (32.2) (3.97) (.9575)
. f (.53) (.39) |

12 •

1 (3.97) (.9575) /

7.785

]
(-53) (.39)

5.97 (.9575)

^ 7-785

.94563

c= 2.8693 =
.34853

therefore, giving in twelve seconds 35 feet instead of 40.

Wave 27.

e a ,

A == 1, 2e= .30

a =
.2'7r 1

27r/*-;2e
h-

.15

3.1416

3.1416 3.1416

3.1416--(.15) 2.9916

= 1.05

g2«A

-1

+ 1

7.1666

9.1666
= .7818

g2«A -1
g2«/. + 1

1«(^»^)5S = -12^"
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32.2
r* =

12
.7818

.87686

^32^2^^6515) _
8.7686 ~ '^•'^^^^

c = 1.547

hence, in eleven seconds, 17 feet ought to have been described instead of 20.

Wave 53.

A=7.04

2e=.89

1

7.04

14.08

«»
.7616 1

32.2

12
.7616

, .9.52_ 32.2

•7:or-^2--^^^^

,2^ (32.2) (.7616) (7.04)

12 (.952)

^ 16.1) (.1904) (2.35)

^ (16.1) (.0476) (2.35)

Il9

= 16 nearly

c = 4

hence, in nine seconds, 36 feet ought to be described, whilst the result of obser-
vation is 40.

Wave in Mr Russell's memoir, entitled " Researches in Hydrodynamics,"
Trans. Royal Soc. Edin. vol. xiv.

A=13, 2e=2.2

A=2 7r/i-4.4

c= i^?Iii (2.;,-4.4) P ^ fl-lilLlI P)Stt ^ ^

V 27rA-4.4 /

2a h = 4:irh

27rA-4.4 j_2^
TT/i

2.2
= 2 1061

(3.1416) (13)

P = g^'-l ^ 8.2155-1 _ 7-2155

e^"- +1~ 8.2155 + 1 "9.2155
= .78297
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^ ^ (32.2) 12 (12.3032) (.78297)
^
~

.928703

... „_ (32.2) (12.3032) (.78297)
inteet c^-

12 (.928703)

c = 5.275

remarkably near the truth.

These results, however, are of considerable importance, from the circum-

stance that they all err in defect ; and it appears that the error is nearly of the

same magnitude in all, as compared with the whole space, viz. about one-eighth.

Whether this can be accounted for by any slight error in the formulae, or in the

value of \, I leave it to subsequent investigations to determine.

Edinburgh, March 12. 1839.
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TO ILLVSTRATE Mf SHAW'S EXPERIMENTS ON THE OVA OF THE SALMON.

SeriiyyT), on. the Uitt A.B.t/ir'o' tht Portds

y

i

•^^-^
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Day before. iLcUdLing. Oiie, da^' old.

SALMON FRY.

Two inonllu old.

PLATE XXn.RoyalSucTram.Eiuil

4.

Four moniJij old.

Six months olA.

Twelve iiw/uJls oUL.

'J7ie abvvo arc Parrprvdiiml from the, ova. ofSabimi.

Eighteen months old.

N°.' 7 & 8. horc the same, aspect at the same a^e

Comerted Parr or Snwk... Two years old.
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XXVII.

—

Account of Experimental Observations on the Development and Growth

of Salmon-Fry, from the exclusion of the Ova to the age of tmo years. By

Mr John Shaw, Drumlanrig. Communicated by James Wilson, Esq. F.R.S.E.

(Read 16th December 1839.)

" Experience once recognised as the fountain of all our knowledge of nature, it follows that in the

study of nature and its laws, we ought at once to make up our minds to dismiss as idle prejudices, or at

least suspend as premature, any preconceived notions of what might or ought to be the order of nature

in any proposed case, and content ourselves with observing, as a plain matter of fact, what is."—Sir John

Herschel's Discourse on the Study ofNatural Philosophy.

That the facts which I communicate regarding the natural history of the

salmon in its earlier stages, may not appear altogether undeserving of considera-

tion, I may premise that my remarks have not proceeded from hasty or imper-

fect observation, but from the experience of many years sedulously devoted to

the subject, the whole of my life, with the exception of a few seasons, having been

spent on the banks of streams where salmon are in the habit of depositing their

spawn, and where of course the parr is likewise abundant. My opportunities of

observation have thus been as ample, as my efforts have been unremitting and

laborious, to discover the true history of this invaluable species. I shall here

present a brief abstract of my earlier proceedings in relation to the subject.*

I had long been of opinion, in opposition to the sentiments entertained by

the majority of authors, that the fish commonly called j^arr, was the natural pro-

duce of the salmon, and that all recorded attempts to trace the history of the

latter fish were fanciful in their nature, and delusive in their results. To enable

me to watch the progressive growth of parr, I caught seven of these small fishes

on the 11th of July 1833, and placed them in a pond supplied by a stream of

* My first paper, entitled " An Account of some Experiments and Observations on the Parr, and

on the Ova of the Salmon, proving the Parr to be the young of the Salmon," was published in the Edin-

burgh New Philosophical Journal for July 18.36, vol. xxi. p. 99. My second paper, under the title

of " Experiments on the Development and Growth of the Fry of the Salmon, from the exclusion of the

Ovum to the age of six months," was read before the Royal Society of Edinburgh on the 18th December

1837, and was published in the Edinburgh New Philosophical Journal for January 1838, vol. xxiv.

p. 165. My third and concluding communication, which the Society now honours by its reception,

contains an account of the continuance and confirmation of these experiments, with an introductory re-

ference to the papers above named.
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wholesome water. There they continued to thrive remarkably well, and were

seen catching flies and other insects, and sporting on the surface in perfect health.

In the month of April following (3 834), they began to assume a different aspect

from that which they exhibited when first put into the pond, and this change was

evident enough even while they continued swimming at large in the water ; but

wishing to examine them more particularly, and at the same time to convince

others of the fact of their having changed their external character, I caught them

with a casting-net, on the 17th May 1834, and satisfied every individual present

that they had assumed the usual appearance of what are called salmon smolts or

fry. They were now of a fine deep blue upon the back, with a delicate silvery

appearance on the sides, and the abdomen white ; these silvery scales came easily

off upon the hand. A circumstance occurred about the fii-st week of May, which

it may be proper to mention, as illustrating in some manner what may be deemed

the migratory instinct of these fishes. They setoied to me at this time to be de-

creasing in nmnbers, and I found, on examination, that some had leapt altogether

out of the pond, and were lying dead at a short distance from its edge.

In March 1835, 1 again took twelve parrs from the river of a larger size, that

is, about six inches long ; they then bore the perpendicular bars, and other usual

characters of that fish. These I also transferred to a pond prepared for the pur-

pose, and, by the end of April, they too assumed the characters of the salmon-fry,

—the bars becoming overlayed by the new silvery scales, which parrs of two years

old invariably assume before departing towards the sea. From these experiments

I had no doubt that the larger parrs observable in rivers in autumn, winter, and

early spring, were in reality the actual salmon-fry advancing to the conclusion of

thew second year, and that the smaller summer parrs (called in Dumfriesshu*e

May parrs), were the same species, but younger as individuals, and only entering

upon their second year. This, then, I conceived to be the detection of the main

error of preceding observers, who had uniformly alleged that salmon-fry attain a

size of six or eight inches in as many weeks, and after the lapse of this brief pe-

riod take their departure to the sea. It is the rapidity with which the two year

old parr assumes the aspect of the salmon-fry that has led to this false conclusion,

and superficial or hasty observers, taking cognizance, 1st, of the hatching of the

ova in early spring, and, 2dly, of the sea-ward migration of smolts soon after-

wards, have imagined these two facts to take place in immediate or speedy suc-

cession. I may now mention what actually becomes of these young fishes for

some weeks after they are hatched.

That the fish in question should not be found in the river in an earlier state

than that in which it is named the May or summer parr, had long appeared to

me to be an extraordinary and perplexing circumstance. I therefore made a mi-

nute examination of the streams where the old salmon had spawned the preced-

ing winter, and I there found in vast numbers a very small but active fish, which
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I concluded to be the young parr, or samlet of the season. To prove the fact, I

scooped up with a gauze-net two or three dozen of them, on the 15th of May 1834.

They measured about an inch in length ; then- heads were large in proportion to

then- bodies, and the latter tapered off toward the tail, in the form of a wedge.

The small transverse bars, characteristic of the parr, were already distinctly

marked. I placed them in two ponds, each provided with a run of water, where

they throve well. In the course of the succeeding May (1835), that is, when they

were more than a year old, and had been twelve months in my possession, I took

a few of them from the pond for the purpose of examination. They had increased

to the length of 3^ inches, on an average, and it is important to remark, that they

corresponded in every respect with the parr of the same age which occurred, in

the river ; but neither as yet indicated any approach to the silvery aspect of the

smolt. Being satisfied, however, from the result of my former experiments on

the parr, that they would ultimately assume that silvery aspect, I continued to

detain them in the pond, and, accordingly, in May 1836, they were transmuted

into smolts or salmon-fry, commonly so called. At this time they measured 6^

inches in length, their colour on the back a beautiful deep blue, the sides bright

and silvery, the dorsal, caudal, and especially the pectoral fins, tipt with black,

the abdomen, ventral, and anal fins, white. The undoubted smolts of the 7'iver

were at this time descending sea-wards, and the most careful comparison of these

with those in my possession did not ehcit the slightest difference between the two.

Mine had completed their second year, and is it likely that those in the river

which so identically resembled them, were only a few weeks old ?

The minute but active fish above alluded to, is at that early period to be no

where found except in those streams (or their immediate vicinity) in which the

old salmon had deposited their spawn during the preceding winter. Early in

April 1835, I discovered them in one of these streams, but so young and weak,

owing to their very recent emergence from the spawning-bed, as to be unable to

struggle with the current where it flowed with any strength or rapidity. They

therefore betook themselves to the gentler eddies, and frequently into the small

hollows produced in the shingle by the hoofs of horses which had passed the ford.

In these comparatively quiet places, and covered by a slight current of a few inches

in depth, they continued with their little tails in constant motion, tiU such time

as my near approach was perceived, when they immediately darted beneath the

stones. They remain with these habits, and in the situations just mentioned,

during the months of April, May, and even June ; but as they increase in size and

strength, they scatter themselves all over the shallower parts of the river, espe-

cially wherever the bottom is composed of fine gravel. They continue, in truth,

comparatively unobserved throughout the whole of the first summer, being sel-

dom taken by the angler during that season. But when the two-year-olds have

disappeared (as smolts) in spring, these smaller fishes, now entering their second
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year, become bolder and more apparent, and now constitute the May and summer

parr of anglers. But their timid habits during the first few months of their ex-

istence, and their consequent concealment in the shingle, greatly screen them

from observation during that period, and have led to the erroneous belief, that the

silvery smolts were the actual produce of the season, and were only a few weeks

old. It certainly seems singular that it should never have occurred to any intel-

ligent angler to inquire what had become of the older generation of parr, that is

of the comparatively large individuals which he might have captured late in

autumn and in earliest spring, but none of which he can detect after the depar-

ture of the so-called smolts. If the two are not identical, how does it happen that

the one so constantly disappears simultaneously with the other ? Yet no one al-

leges that he has ever seen parr, as such, performing their migration towards the

sea. They cannot do so, because they have been previously converted into smolts.

I shall here allude briefly to three different occasions on which I have had

an opportunity of witnessing the first migration of smolts or converted parr, that

is, their descent in small shoals towards the sea. The first of these was in the

first week of May 183]. I was able dehberately to inspect them as the several

shoals arrived behind the sluices of a salmon cruive, and while they yet remained

in the water, and were swimming in a particular direction, indistinct transverse

lateral bars might stiU be seen, but as they changed their position, these became

as it were lost in the silvery lustre. I also examined many of them in the hand,

and could there also, by holding them at a certain angle in relation to the eye,

produce the barred appearance, but when the fish were held with their broad side

directly opposed to view, the character alluded to could not be seen. Its actual

existence, however, could be easily proved by removing the deciduous silvery

scales, when the barred markings became apparent, and, of course, continued so

to whatever light exposed. My next opportunity occurred on the 3d of May

1833. The appearance was exactly the same as that which I have just described.

They passed down the river in small family gi'oups or shoals of from forty to sixty

and upwards, their rate of progression being about two miles an hour. The cau-

tion which they exercised in descending the several rapids they met with in the

course of their journey was very amusing. They no sooner came within the in-

fluence of any rapid current than they in an instant turned their heads up the

stream, and would again and again permit themselves to be carried to the very

brink, and as often retreat upwards, till at length one or two, bolder than the

others, permitted themselves to be carried over the current, when the entire flock,

one by one, disappeared, and then, so soon as they had reached comparatively

still water, they again turned their heads towards the sea, and resumed their

journey. The third opportunity to which I shall here refer occurred in May 1836,

at which time, as I have stated, I compared a few of the descending smolts with

those which (having been two years in my possession as parr) had, in the confine-
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ment of the pond, assumed the corresponding silvery aspect of the salmon-fry.

The river during this month being remarkably low, I was thus enabled to ascer-

tain more accurately the time during which they continued to migrate, which I

found to be nearly throughout the whole of the month, but more especially in the

course of the second week, in which the shoals were both larger, and more fre-

quent in their successive arrivals. Their external aspect was the same as that of

the former shoals, and the average length, as usual, from six to seven inches.

Having thus traced the progress of the parr from an inch in length, through

its several stages up to the period of migration, I shall now detail my various ex-

periments on the ova of the salmon, undertaken with a view to prove the identity

of these two fish. On the 10th of January 1836, I observed a female salmon of

considerable size (about 16 lb.), and two males, of at least 25 lb., engaged in de-

positing their spawn. The spot which they had selected for that purpose was a

little apart from some other salmon which were engaged in the same process, and

rather nearer the side, although still in pretty deep water. The two males kept

up an incessant conflict during the whole of the day, for possession of the female,

and, in the course of their struggles, frequently drove each other almost ashore,

and were repeatedly on the surface displaying their dorsal fins, and lashing the

water with their tails. Being satisfied that these were real salmon, there being

at least ten brace of that fish engaged in the same process on the stream at the

time, I took the opportunity of securing as much of the ova as I could possibly

obtain. This I did three days after it was deposited, the males and female still

occasionally frequenting the bed. The method by which I obtained the eggs was

by using a thin canvass bag, stitched on a slight friime formed of small rod

iron, in fashion of a large square landing-net, one person holding this bag a few

inches farther down the stream than where the ova were deposited, and another

with a spade digging up the gravel, the current carrying the eggs into the bag,

while the greater portion of the gravel was left behind. Having thus obtained a

sufficient quantity of the ova for my purpose, I placed them in gravel under a

stream of water where I could have a convenient opportunity of watching their

progress. The stream was pure spring water. On the 26th February, that is,

forty-eight days after being deposited, I found on close inspection that they had

some appearance of animation, from a very minute streak of blood which appeared

to traverse for a short distance the interior of the egg, originating near two small

dark spots not larger at that time than the point of a pin. These two dark spots,

however, ultimately turned out to be the eyes of the embryo fish, which was dis-

tinctly seen resting against the interior surface of the egg a few days previous to

its exclusion. On the 8th of April, which makes ninety days imbedded in the

gravel, I found on examination that they were excluded from the egg, which was

not the case a day or two previous. The temperature of the water at the time

was 43°, the temperature of the water in the river 45°, and the temperature of the
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atmosphere 39°. On its first exclusion, the Uttle fish has a very singular appear-

ance. The head is large in proportion to the body, which is exceedingly small,

and measures about Jive-eighths of an inch in length, of a pale blue or peach-blos-

som colour. But the most singular part of the fish is the conical bag-like

appendage which adheres by its base to the abdomen. This bag is about two-

eighths of an inch in length, of a beautiful transparent red, very much re-

sembling a light red currant, and in consequence of its colour, may be seen

at the bottom of the water when the fish itself can with difl&culty be per-

ceived. The body also presents another singular appearance, namely, a fin

or fringe, resembling that of the tail of the tadpole, which runs from the dorsal

and anal fins to the termination of the tail, and is slightly indented. This

little fish does not leave the gravel immediatel}^ after its exclusion from the egg,

but remains for several weeks beneath it with the bag attached, and containing a

supply of nourishment, on the same principle, no doubt, as the umbilical vessel is

known to nourish other embryo animals. By the end of fifty days, or the 30th.

May, the bag contracted and disappeared. The fin or tadpole-like fringe also dis-

appeared by dividing itself into the dorsal, adipose, and anal fins, all of which

then became perfectly developed. The little transverse bars, which for a period

of two years (as I have already shewn) characterize it as the parr, also made their

appearance. Thus, from the 10th January till the end of IMay, a period of up-

wards of 140 days was required to perfect this little fish, which even then mea-

sured little more than one inch in length, and corresponded in all respects with

those on which I had formerly experimented, as well as with such as existed at.

that same time in great numbers in the natural streams.

Although I was myself satisfied by the preceding facts that parr and salmon

fry were thus identical in kind, and differed only in respect to age, I was informed

that my inferences were objected to, in as far as there was not sufficient evidence

that the spawn experimented on was actually that of salmon, seeing that the-

same streams were accessible to other species of the genus. I therefore felt it in-

cumbent on me to supply this desu'ed link in the chain of evidence, and I accord-

ingly repeated ray experiments on ova which I saiv excluded, which, in fact, I

forced the salmon to exclude, in the manner after mentioned, preserving at the

same time the skins of the parent fish, for the satisfaction of the curious or

sceptical.

Before proceeding to make additional experiments, it was necessary to lay

my experimental basins dry, not only for the purpose of removing the young

salmon of the preceding season's produce, but also to enable me to fit them up on

such a principle as would exclude any possibility of confusion either from the

overflowing of the ponds themselves, or from the flooding of the river Nith, on

the banks of which they are situate. The plan on which these ponds are con-

structed is shewn on Plate XXI. Every precaution was used not only to exclude
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error, but to place the young fry in circumstances as nearly resembling the state

of nature as was consistent with their preservation.

The ponds, which are three in number, are two feet deep, and thickly em-

bedded with gravel, while they are at the same time supplied with a small stream

of spring-water in which the larvae of insects abound. Pond No. 1 is 25 feet in

length by 18 in breadth, and is fed by the stream, which debouches into it at the

fall F. Pond No. 2 is 22 feet in length by 18 in breadth, and is fed from pond

No. 1 at G, where the communication is carefully grated with wire. Pond No. 3

is 50 feet in length by 30 in breadth, and is fed by the stream at F, having no

communication with either of the other ponds. The waste water from pond

No. 1 is conducted into pond No. 2, through a square wooden pipe covered at the

mouth with a wire-grating, the bars of which are about one-eighth of an inch

apart. The waste water from pond No. 2 is conveyed under ground to the dis-

tance of 20 feet in a square wooden pipe grated in the same manner as the former.

The waste water from pond No. 3 passes down a square wooden pipe 2 feet deep

covered at the top with wire-gauze, and is conveyed under ground in a smaU

covered drain to the distance of 20 feet from the pond. The water of the whole

is then left to find its way to the river.

To prevent any communication arising from an accidental overflow of the

ponds themselves, I raised embankments upon the intersecting walks of 2 feet in

height, so that the several families of fish which the ponds contain can have no

access, du-ect or indirect, to each other. Where the rivulet is divided for the

purpose of supplying the several ponds, I have formed an artificial fall in each

stream, of a construction to prevent the fish from ascending one stream and de-

scending another. Finally, where the water discharges itself from the ponds,

the channels are so secured by wire-grating that it is as impossible for the young

fish to escape as for any other fish to have access to them. The whole occupies

an area of nearly 80 feet square.

My experimental basins being thus prepared, my next object was to secure

the fish, the progeny of which were to form the subject of experiment. With

the view, therefore, of securing two salmon, male and female, while in the very

act of continuing their kind, I provided myself with an iron hoop 5 feet in dia-

meter, on which I fixed a net of a pretty large mesh, so constructed as to form a

bag 9 feet in length by 5 in width. I then attached the hoop and net to the end

of a pole 9 feet long, thus forming a landing-net on a large scale. The weight of

,

the net with its iron hoop being upwards of 7 lb., it instantly sunk to the bottom

on being thrown into the water.

Being thus prepared with all the means of carrying my experiment into

practice, I proceeded to the river Nith on the 4th January 1837, and readily dis-

covered a pair of adult salmon engaged in depositing their spawn. They were in

a situation easily accessible, the water being of such a depth as to admit of mv
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net being employed with certain success. Before proceeding to take the fish, I

formed a small trench in the shingle by the edge of the stream, through which I

directed a small stream of water from the river 2 inches deep. At the end of

this trench, I placed an earthenware basin of considerable size, for the purpose of

ultimately receiving the ova. I then, at one and the same instant, enclosed both

the fish in the hoop, allowing them to find their way into the bag of the net by

the aid of the stream. In capturing these fish, I considered myself fortunate in

securing them by one cast of the net, for, in conducting the experiment of artifi-

cial impregnation, it appeared to me to be very desirable that the male should be

taken, with the female of his own selection, at the very moment when they were

mutually engaged in the continuance of then* species. To take a female from

one part of the stream and a male from another, might not have given the same

chance of a successful issue to the experiment. Having drawn the fish ashore, I

placed the female, while still alive, in the trench, and pressed from her body a

quantity of ova. I then placed the male in the same situation, pressing from his

body a quantity of milt, which, passing down the stream, thoroughly impregnated

the ova. I then transferred the spawn to the basin, and deposited it in a stream

connected with a pond previously formed for its reception, which, however, I

have not considered it necessary to represent in the accompanying plan. The

temperature of this stream was 39°, of the river from which the salmon were

taken 33°, and of the atmosphere 36°. The skins of the parent salmon are now
in my possession.

On examining the ova on the 23d of February (fifty days after impregnation),

I found the embryo fish distinctly visible to the naked eye, and even exhibiting

some symptoms of vitality by moving feebly in the egg. The temperature of the

stream was at this time 36', and of the atmosphere 38°. On the 28th of April

(114 days after impregnation), I found the young salmon excluded from the egg,

which was not the case when I visited them on the previous day. The tempera-

ture of the stream was then 44°. The ova, which for some time previous to being

hatched, had been almost daily in my hand for inspection, did not appear to suf-

fer at all from being handled. When I had occasion to inspect the ovum, I placed

it in the hollow of my hand, covered with a few drops of water, where it fre-

quently remained a considerable time without suffering any apparent injury. The

embryo, however, while in this situation, shewed an increased degree of activity

by repeatedly turning itself in the egg, an action probably produced by the in-

crease of temperature arising from the warmth of the hand.

On the 24th of May (twenty-seven days after being hatched), the young fish

had consumed the yolk, but in a few days afterwards the whole of this family,

with the exception of one individual, were found dead at the bottom of the pond,

a circumstance which has occurred more than once in the course of my experi-

ments, arising, I apprehend, from a deposition of mud, the same result having
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previously taken place, when the pond had not been sufficiently imbedded with

gravel.

To shew the effects of increased temperature in hastening the development

of the infant fish, I may relate an experiment which I made upon a few of the

same ova, from which this family proceeded. On the 20th of April (106 days

after impregnation), finding the ova alluded to unhatched, and the temperature

of the stream being 41°, I took four of them and placed them in a tumbler of

water, covering the bottom with fine gravel, in which I imbedded the ova. I then

suspended the tumbler from the top of my bed-room windovr, above which I

placed a large earthenware jar, with a small spiggot inserted in its side, from

which I easily directed a stream of pure spring water into the tumbler. The waste

water was carried out at the window along a wooden channel fitted up for the

purpose. As there was no fire in the bed-room, and the window facing the north,

the temperature did not range very high, 47° being the average, while the average

temperature of the water in the tumbler was 45°. During the night, however,

the temperature would be very considerably increased, and the consequence was,

the young fish in the tumbler were hatched in thirty-six hours, while those re-

maining in the stream did not hatch till the 28th of April, a difiference of nearly

seven days. At this stage the little fish are so very transparent, that their vital

organs are distinctly visible, and, when placed immediately under the eye of the

observer, they present a very interesting appearance. The pectoral fin is continu-

ally in rapid motion, even when the fish itself is otherwise in a state of perfect

repose. They also begin to manifest an increasing desire to escape observation,

a principle wisely implanted for their better security, during so feeble and help-

less a condition. On the 24th of May (thirty-nine days after their birth), the fish

irt^the tumbler were completely divested of the yolk, and the characteristic bars

of the parr had become visible. At this time they measured nearly one inch in

length, and appeared to be in perfect health ; but fearing that after the yolk

was consumed, I should be unable to supply them with appropriate food, I re-

turned them to the pond from which I had taken them on the 20th of April, where

they perished with the rest of the family.

This last experiment proves, that by placing the ova under a temporary stream

of water in the house, the development of the young may be materially accelerated,

while it also shews that they may be kept alive for a considerable time after-

wards ; at all events, until the yolk, which I presume to be their sole support at

this period, is totally consumed.

The next experiment, the circumstances of which I have to relate, has been

attended with more success than those which I had previously made. The pro-

cess of taking the adult fish, and all the circumstances attending the impregna«

tion, were entirely similar in this case to that already narrated.
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That the pedigree of the young fish may not be called in question, I have

preserved the skins of the parents. The weight of the male when taken was

16 lb., and of the female 8 lb.

The spa\vn was impregnated and deposited in the stream immediately below

the fall, pond No. 1 . E, on the 27th of January 1837 ; the temperature of the water

in the stream being 40°, and that of the water in the river 36°. On the 21st of

March (fifty-four days after impregnation), the embryo fish were visible to the

naked eye. On the 7th May (101 days after impregnation), they had burst the

envelope, and were to be found amongst the shingle of the stream. Tlie tempe-

rature of the water was at this time 43°, and of the atmosphere 45°. It is this

brood which I have now had an opportunity of watching continuously for a length

of time, that is, for more than the entire period which was required to elapse from

their exclusion from the egg, until their assumption of those characters which dis-

tinguish the undoubted salmon-fry. I therefore desire, even at the risk of repeti-

tion, to describe their progi-essive growth during these important and usually

misconceived stages of existence.* But before doing so, I beg to be indulged in

a few miscellaneous remarks.

It is indeed in no way surprising that any body of scientific men, before

whom a portion of these observations on the growth of the sahnon in fresh water

may have been previously laid, should have been slow to express a decided opinion

on the subject, more especially when the result of m}^ experiments goes to prove

facts so opposed to what has been the received opinion both of scientific and prac-

tical observers, ever since the natural history of the salmon became a subject of

inquiry. I have no wish to attempt removing these opinions by the substitution

of others which may be equally destitute of a correct foundation, but by the

statement of facts resulting from the most careful and repeatedly verified expe-

riments—experiments which, 1 believe, have been made by no other individual

on the same principle for a similar pm-pose ; for had they been so, I am per-

suaded the real history and economy of this valuable and interesting fish would

long ere now have been more correctly understood by the community. However,

should similar observations have been made, the results of which tend to support

any material facts contradictory of those here stated, it would be most desirable

that the scientific public should be immediately apprised of them.

It has been asserted, with some appearance of truth, in support of the old

school theory, that owing to the comparatively hmited range of my experimental

ponds, the young salmon reared in them have not had a " supply of food suffi-

ciently varied, or in sufficient quantity, to insure an equally rapid growth to

those in the open river." This objection, I must repeat, is by no means tenable,

* I have transmitted a series of the specimens referred to, from the ovum to the smolt, and in-

cluding the ordinary and transitionary state of the parr, to be exhibited when my paper is read.
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as the streams and ponds in which they have existed from their birth abound

with every species of insect food peculiar to the river, and, at the same time, the

fishes themselves (which are certainly the best test), are in the highest possible

health and condition, and correspond in every respect with those in the river. I

have already stated that the young of the salmon remain in the river for the first

two years after then- birth, being then known under the various local denomina-

tions of parrs, pinks, fingerUngs, &c. &;c. However, in order to prevent any mis-

conception of the terms employed in the course of these details, I shall adhere to

the name jyarr, as being the designation by which this fish is most generally

known in Scotland.

The early or late hatching of the salmon-spawn in the river is no doubt in a

great measure regulated by the temperature which may prevail after its deposi-

tion. In severe winters, when the temperature of the river for many weeks barely

exceeds the fi-eezing point, the ova remain in the gravel at the bottom of the

stream during that period with the living principle comparatively suspended,

until the more genial temperature of the spring brings that principle into more

active operation. In the course of experiments made in the beginning of 1838,

I had an opportunity of observing the different effects of temperature in facilita-

ting or retarding the development of the salmon-spawn. In ova placed in a

stream of spring water, the average temperature of which was 40°, the embryo

fish was visible to the naked eye by the end of the 60th day, and was hatched on

the 108th day after impregnation. That which the same parent deposited the

same day in the river, the average temperature of which during the eight follow-

ing weeks did not exceed 33°, was not visible to the naked eye until the 90th

day, and was not hatched until the 10th Maj^ that is 1 31 days after impregna-

tion. The temperature of the river, however, during the last forty days of that

period, had considerably increased, and on the day on which the fishes were

hatched, it had attained an elevation of 60°. Were it, then, the fact that the

young salmon migrate to the sea the same season they are hatched, the effects of

a mild or a rigid winter would alone regulate the period of their departure from

the river. This, however, is not the fact, as the main body of the salmon-fry re-

gularly quit our rivers about the first or second week in May, whatever may have

been the temperature of the previous winter, and in this particular instance

they were actually descending the river in shoals on the very day (10th May) on

which that season's produce were only emerging from the ova.

Owing to the great family likeness which is known to exist amongst the

young of the several species of the genus Salmo in their early stages, an idea has

been entertained that unscientific observers are in the practice of confounding the

progeny of the whole of the migratory species indiscriminately under the too ge-

neral name of Parr. To obviate this inconvenience, and to mark the distinction
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of species in their earlier stages, recourse has been had to very fanciful and ill-

defined attributes ; and I am of opinion that in almost every instance these vague

characters have been applied to individuals of the young of the real salmon, of

which the characters had not been so fully developed as those of others, rather

than to the young of any distinct species. With the view, therefore, of affording

scientific men an opportunity of comparing the young of the salmon trout with

that of the salmon, with which they are supposed to have been confounded, I have

taken this opportunity of la3dng before the Royal Society a brood of the former

produced by artificial impregnation, and exhibiting five successive stages, from the

day on which they were hatched to the age of nine months, accompanied by the

skins of the parent fishes. At the age of six months they bear no very marked

resemblance to the young of the real salmon either in the parr or fry state, and

as they advance in age and size, the resemblance becomes still slighter. How-

ever, on comparing them with the common trout, the resemblance is very striking,

the general outline of the fish being much less elegant than that of the young

salmon or parr, the external markings being also more peculiarly those of the

trout species, so that, in the absence of the parent skins, it would be a matter of

difficulty to determine to which kind of trout they actually belong. A speci-

men of the young common trout of this season's produce, taken from the Clyde abom

the Falls^ is also exhibited ; so that the young of the three species most common

to this locality (and of corresponding age), viz. Salmo salm\ Scilmo trutta, and

Salmofario, may be carefully compared. The ova of the Salmo eriox, which is

less common in these tributaries, I have not as yet had an opportunity of experi-

menting upon.

To resume my history of the so-called parr. Having brought the series of

experiments on the ovum of the salmon, begun in January 1837, to a satisfactory

conclusion, it may be gratif3dng to those who have taken an interest in this cu-

rious inquuy, to be put in possession of the results. I have already detailed the

particulars regarding the mode practised in captming the parent salmon, the pro-

cess of fecundating the ovum artificially with the milt from the male, and the

appearance it presents fi*om that period up to the exclusion of the young fish

from the capsule of the ovum, which took place on the 7th of May—101 days

after impregnation. A complete series of specimens from the Qgg until the com-

mencement of the third year, illustrates the following descriptive notes.

Specimens taken fi'om the pond, when ten days old (16th May), had still

a considerable portion of the vitelline bag attached to the abdomen. Specimens

removed when forty-eight days old (24th June) had no recognisable bag, but the

symmetry of the form was as yet but imperfectly developed. After the lapse of

two months (7th July) the shape was found to be materially improved, and to

exhibit in miniature much of the form and proportions of a mature fish. At the
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age of four months (7th September) the characteristic marks of the jparr were

clearly developed. Two months later (six months' old, 7th November) an accession

both of size and strength was apparent, and on comparing the pond specimens

with the parr of the river, no marked difference was perceptible. The average

length at this time was three inches.

During the winter months, the general temperature of the rivers is so low,

and the consequent deficiency of insect food so great, that the whole of the Scot-

tish Salmonidse which inhabit the fresh waters during that season, are well

known to lose, rather than gain, in point of condition. The same rule holds in

regard to the young salmon in the experimental ponds, although not to the same

degree, they having maintained comparatively a superior condition throughout

the winter to those found in the river of a corresponding age and size. The tem-

perature of the ponds, averaging about 40° during the winter, not only keeps the

young fishes which occupy them in a more active condition, but the insects them-

selves are also more abroad, and thus afford a convenient supply of food not to

be obtained by those at that time in the river, the average temperature of which,

in ordinary winters, barely exceeds 34°. I shall now refer more specially to the

specimens before the Society.

No. 6 is a specimen from pond No. 1, of the age of nine months, taken in

the middle of February ] 838. It exhibits little or no particular accession of size

or condition to that of No. 5, but may serve to shew the general appearance of

the several broods of the young salmon in my possession at the age of nine months.

No. 7 is a specimen twelve months old, taken from pond No. 1, on the 10th

May 1838. It is much improved in condition, as well as in external appearance,

in comparison to that taken in February, and has exchanged its dusky autumnal

and winter's coating for that which may be called its summer dress.* It mea-

sures about 8f inches in length, and is denominated, along with those of a corres-

ponding age and size in the river, the " May Parrr Immediately after the mi-

gTation of the two year-old parr (which the latter always affect about the beginning

of May, under the name of salmon-fry), there is no other parr, besides such as

have been recently hatched, to be found in the river, save those which correspond

with this specimen, which is the Pink of the river Hodder, alluded to by Mr Yar-

rell.f As the summer advances they increase in size, and are actually the little

fish which afford the angler in salmon rivers so much light amusement with the

rod, during the months of August, September, and October. They remain over the

* On the approach of autumn, the whole of the Salmonidae, resident as well as migratory, while in

fresh water, acquire a dusky exterior, accompanied by a considerable increase of mucus or slime. The

fins also become more muscular. However, on the return of spring, they resume their wonted beautiful

colouring, and the fins, the cartilaginous portions of which are frequently damaged during the winter

floods, grow up and acquire their former outline.

\ " Pinks in the river Hodder, in the month of April, are rather more than three inches long, and
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second winter in the river, during which period the males shed then* milt, and are

found continuing their kind along°with the female adult salmon, although still bear-

ing all the external markings of the parr, as I shall aftenvards more particularly

mention. No. 8 is a specimen eighteen months old, taken from pond No. 1, on

the 14tli November 1838. It measures 6 inches in length, and has now attained

that stage when all the external characteristic markings of the parr are striking-

ly developed, and, in point of health and condition, cannot be exceeded by any

taken from the river. All the males, at the age of eighteen months, of the seve-

ral broods in my possession, last autumn (1838) attained a most important corro-

borative stage, viz. that of shewing a breeding state, by having matured the milt,

which could be made to flow freely from their bodies, by the slightest pressure of

the hand. The females of the same broods, however, although in equal health

and condition, did not exhibit a corresponding appearance in regard to the matu-

ring of roe. The male and female parrs in the river, of a similar age, are found

respectively in precisely a corresponding state, which may surely be admitted as

most important evidence in support of the fact, that all these individuals are,

in truth, specifically the same.

No. 9 is a specimen two yeai's old, taken from pond No. 1, on the 20th May
1839, after hamng assumed the migratory dress. The commencement of the change,

which was perfected by the whole of the broods about the same time,* was first

observable about the middle of the previous April, by the caudal, pectoral, and

dorsal fins assuming a dusky margin, while, at the same time, the whole of the

fish exhibited symptoms of a silvery exterior, as well as an increased elegance of

form. The specimen in question, so recentl}'" a parr, exhibits a very perfect

example of the salmon fry or smolt.

When the migratory change takes place in the young salmon in the ponds,

a marked alteration also occurs in their habits. While in the parr state, they shew

no disposition to congregate, but each individual occupies a particular station in

the ponds, and should any one quit his place with the view of occupjing the po-

sition already possessed by another, the intruder is at once expelled with an ap-

parent degree of violence. But so soon as the whole brood has perfected the mi-

gratory dress, they immediately congregate into a shoal, and exhibit an anxious

are considered to be the fry of that year ; at this time sraolts of six inches and a half are also taken."

See Yarrell's Supplement to British Fishes, page 6. 'Yhefry of the same year, in mild winters, are only

quitting the gravel in April, at which stage they measure not more than one inch.—J. S.

* One or two of each of the three broods assumed the migratory or smolt dress at the age of twelve

months. This circumstance I am disposed to attribute to the high temperature of the spring-water

ponds, which I have no doubt has hastened the change. I am greatly strengthened in this opinion by the

fact of no instance of a similar change having occurred with individuals reared in similar ponds supplied

with water from a rivulet, the temperature of which throughout the year ranges pretty nearly with that

of the River Nith.
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desire to effect their escape, by scouring all over the ponds, leaping and sporting,

and altogether displaying a vastly increased degree of activity.

No. 10 is a specimen twenty months old, taken from pond No. 3, on the 5th

January 1839. It measures 6 inches in length, and still displays all the charac-

teristic marking's of the parr.

No. 11 is a specimen two years old, also taken from pond No. 3, on the 24th

May 1839. After assuming the migratory dress, it measures about b*^ inches in

length, being about the average size of the brood. I have elsewhere stated that

" the circumstances attending the development and growth of the brood in pond

No. 3, so exactly correspond with those of the preceding brood in pond No. 1,

that their history would only be a repetition of the former. I may, however,

state, that the individuals in pond No. 3 are considerably larger than those in

pond No. 1, the difference, at the age of six months, amounting to an inch."* This

superiority in point of size, for the first six months, of those in pond No. 3, over

those reared in pond No. 1, was not, however, maintained, with the exception of

two individuals, much beyond the first six months, as by the period at which they

assumed the migratory dress (two years), no difference existed in regard either

to size or condition.

In order to be more distinctly understood regarding the specimen next in

order (No. 12), the history of which is most interesting, and highly important in

establishing the identity of the parr and salmon, it will be necessary here to re-

cur to a passage in my former communication on this subject, where I stated

that " pond No. 2, was occupied by a brood of j^oung salmon also produced by
artificial impregnation, the history of which should form the subject of another

paper, after I had an opportunity of verifying the experiment by repetition."! I

have now repeatedly verified the experiment alluded to, and take this opportu-

nity of giving publicity to the very extraordinary nature of the results.

The circumstance of the male parrs with the milt matured, and flowing in

profusion from their bodies, being at all times found in company with the adult

female salmon while depositing- her spawn in the river, and the female parrs being

• in every instance absent, suggested the idea that the males were probably present

with the female salmon at such seasons for a sexual purpose. And to demonstrate

the fact, I, in January 1837, took a female salmon weighing 14 lb. from the spawning

bed, from whence I also took a male parr weighing 1^ oz., with the milt of which I

impregnated a quantity of her ova, and placed it in the stream E, pond No. 2

(See Plate XXI), where, to my great astonishment, the process succeeded in every

respect as it had done with that which had been impregnated by the adult male

salmon, and exhibited, from the first visible appearance of the embryo fish up to

their assuming the migratory dress, the utmost health and vigour. The very ex-

* Edinburgh New Phil. Journ^ for January 1838 (vol. xxiv. p. 172, note),

j" Ibid, same page.
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traordinary results of these experiments, although made with the utmost possible

care, induced me to defer giving them publicity until I had repeatedly verified

the fact. I, therefore, removed this brood to another pond, apart from all other

fish, where they had an abundant supply of insect food and wholesome water

;

and again, early in the following January (1838), I repeated the experiment by

taking another female salmon, weighing 141b., and two male pan-s from the

same spawning bed (See parent specimens marked A), and impregnated two lots

of her ova with the milt from the two parrs, and afterwards placed them in two

different streams, inclosed in boxes open at the top, temperature 45°. The extreme

severity of the weather which succeeded had, however, nearly proved fatal to the

whole. On the evening of the 8th January, the day on which I took the parents

fi'om the river, the frost set in, and continued with such intensity for a succession

of many weeks, that the wild fowl generally, and the wild ducks in particular, suf-

fered severe privations, and in the course of their wanderings in search of food they

unfortunately stumbled on my boxes of ova, one lot of which they wholly de-

voured, to the amount at least of 500. My feelings of mortification and disap-

pointment on the discovery of this unforeseen disaster may readily be conceived.

However, on examining my other box, I found there were still a few remaining,

which I carefully collected, and put into a place of greater safety. The progressive

growth of these, from the impregnation of the ova up to the age of eighteen months

(See specimens A), has also been uniformly the same as those produced by male and

female adult parents, and reared under similar circumstances.

As a further illustration of the singular economy of the salmon in their na-

tive streams, I have yet to detail another experiment or two, not less interesting

than conclusive. In December last (1838) I took a female salmon from the river

weighing 11 lb., and four male parrs from the same spawning bed. After im-

pregnating four different lots of her ova, one lot to each individual parr, I placed

the four parrs in a pond, where they remained until the following May, at which

period they assumed the migratory dress. (See specimen No. 13.) The ova were

placed in streams to which no other fish had access, and where they became ma-

ture in a similarly progressive manner to those already detailed, thus clearly

demonstrating that the young salmon of eighteen months old, while yet in the

parr or early state, actually perform the duties of a male pai'ent before quitting

the river.*

* As I believe it has been objected to my views, or rather practice, regarding this mode of impreg-

nation, that the generative influence may have been in some other way eiFected than through the me-

dium of the parr, I therefore took every means to prove the truthful results of my experiments by vary-

ing in some measure their conditions. Thus, in two instances, I took a portion of the ova from a female

salmon, and placed them, without impregnation, in a stream of pure water. The result was as I antici-

pated :—up to the termination of the general hatching season they exhibited no appearance of vitality.

The female from which one lot of ova was taken, and placed in water without impregnation, was the
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While the males of the three several broods which occupy ponds No. 1, 2,

and 3, continued in a breeding state, which lasted throughout the whole of the

winter of 1838-39, I impregnated the ova of three adult female salmon from the

river with the milt of a male taken from each of the three ponds, the whole of

which ova matured. This at once removes any doubt which may have been en-

tertained regarding the constitutional strength of individuals reared under such

circumstances.

Specimen No. 12, is one of the males used in the above experiments, and is

itself the produce between a male parr and female adult salmon taken from the

river on the 4th January 1837, and reared in pond No. 2, as already mentioned.

The result of the experiment practised with this specimen and the female salmon

from the river, being of the utmost importance in establishing the identity of the

species (on a principle recognised by physiologists as a law of nature), every ne-

cessary precaution to avoid error or confusion was observed. It was taken from

pond No. 2 on the 5th January 1839, being then twenty months old, with the

milt flowing from its body. A female adult salmon weighing twelve lb. (see

parent specimen, B.) was taken at the same time from the river, in the act of

spawning in the absence of the male. A quantity of her ova was impregnated

in the same manner in every respect as practised in the preceding experiments,

and, for the better security of the lot, the whole was placed in a wooden trough,

over which a sheet of fine copper-wire gauze was fixed. The trough was then

placed in a stream of water previously prepared for its reception, and the results

were precisely of a corresponding nature to those already detailed, the embryo

fish becoming visible after fifty-five days, and being excluded from the egg at

the end of 109 days after impregnation, under a temperature of 40°.

It has been maintained by individuals whose opinions are opposed to mine

on this question, that the parr is a distinct species, and that, by a forced connec-

tion between it and the female salmon, I was producing a hybrid. This idea at

once brings the importance of the last experiment more immediately into view,

from the circumstance of the male parent of specimen No. 12 being actually a

parr, while No. 12 itself, the alleged hybrid, in its turn became the parent of a

numerous brood. (See specimens, B.)

Were these two species, then, reaUy distinct, it would follow that the pro-

duce would be hybrids, and " nature herself has provided against the confusion

of different species by a conservative law, according to which all hybrids are

female with which the four parrs above alluded to were spawned. They were placed in the same stream

but in a separate vessel from the four lots impregnated. The other lot was taken from the female with

which the male from pond No. 3. was spawned. The unimpregnated lot was placed in the same stream

with the former. The impregnated lot was placed in the stream of pond No. 3. To avoid contact the

unimpregnated lots were in each case taken first, and removed to a distance.
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barren :" consequently, upon this principle—a law in the economy of nature

—

the parr and salmon are really identical in species, as proved by the fact now
narrated, of the young produced between them having actually the power of re-

producing their kind.

Apart from these experiments, it was at one time held, that the parrs found

in their native streams were hybrids, from the anomalous circumstance of the

males being always found in the autumn with the milt matured, while females,

of a corresponding size, could at no season be found exhibiting the least approxi-

mation to a breeding state.* However, this idea, if it ever was seriously enter-

tained by scientific men, has now given way to the opinion " that they are a

distinct species, and have no connection whatever with the migratory salmon."f

Were the parr a distinct species, the result of their attendance on the female

salmon would have the effect of producing universal confusion among the migra-

tory inhabitants of rivers, from the circumstance of the male paiTS in a breeding

state occupying in great numbers the very centre of the salmon spa\\Tiing bed,

while the female salmon herself is at the same instant pouring thousands of her

ova into the very spot where they are thus genially congregated.

Had these extraordinary results proceeded from a solitary experiment, there

might have been some ground for believing that I was probably deceiving myself,

and, consequently, misleading others,—a fear I myself at first entertained. But

after such a series of experiments, made with all possible care, and uniformly

ending in the same results, the fact can no longer, I conceive, admit of doubt.

Having altogether within these last two years, made eight distinct experiments by

artificially impregnating the ova of the salmon with the milt of a corresponding

number of male parrs from the river, besides three experiments with those of

eighteen-month-old parrs from the pond—each with perfect success—I trust that

I have thrown some interesting light on the breeding of parrs,—a subject which

has hitherto defeated all inquiry when sought after on the principle of then- breed-

ing among themselves as a distinct species.

* Solitary instances have occurred of large female parrs having been found in salmon rivers with

the roe considerably developed, and I find, by detaining the female smolts in fresh water until the end

of the third winter, that individuals are found in this comparatively mature condition. From this fact,

therefore, it may be inferred, that the large parr, either male or female, of nine and ten inches in length,

which are occasionally found in rivers, are the young of the salmon, which, for some natural reason, had

not been prepared to migrate at the ordinary period, and had, therefore, remained for another year in

the fresh water.

[ Recent experiments having been made on the young of the salmon by very competent individuals,

it is now admitted that they " remain one year in the river before they go to the sea as smolts." How-

ever, owing to these fishes having escaped the observation of those individuals during the intermediate

stage, that is, from the ovum up to the length of three inches, they were actually twelve months old at

the commencement of the experiments referred to by Mr Yarrell, in place of being the " fry of that

year."—See Mr Yarrell's Supplement to British Fishes.
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The fact of the young salmon propagating its kind while it is yet itself in

other respects in an immature condition, is certainly an extraordinary departure

from the ordinary laws of nature, so far, at least, as land animals are concerned.

From certain observed facts, however, there is reason to believe that the economy

of the class of fishes differs in this respect from that of land animals—a disparity

which, in consequence of the medium they inhabit, has hitherto escaped the ob-

servation of the naturalist. As the young of the other migratory species do not

quit the river during the first year, it is probable that they also observe a similar

economy to that of their more valuable congener.

It has been generally supposed that the male salmon, during the spawning

season, assists the female in forming the spawning bed. This idea is, I think,

founded in error, as, during the whole course of my experience, I have never been

able to detect the male taking any share whatever in the more laborious portion

of these parental duties. The only part he performs, beyond the mere sexual

function, consists in the unwearied vigilance which he exhibits in protecting the

spawning-bed from the intrusion of rival males, all of which he assiduously en-

deavours to expel. The female, regardless of the occasional absence of the males

during these contests, and probably satisfied with the presence of the male parrs,

proceeds with her operations by throwing herself at intervals of a few minutes

upon her side, and while in that position, by the rapid action of her tail,^ she digs

a receptacle in the gravel for her ova, a portion of which she deposits, and, again

turning upon her side, she covers it up by a renewed action of the tail,—thus al-

ternately digging, depositing, and covering ova, until the process is completed b}^ the

laying ofthe whole mass, an operation which generally occupies three or four days.

In the course of these experiments, it has been ascertained that the milt of a single

male parr, whose entire weight may not exceed one and a-half ounce, is capable,

when confined in a small stream, of eflfectually impregnating all the ova of a very

large female salmon. On the spawn first quitting the body of the female, it is

found to be enveloped in a thin coating of viscous matter, which the action of the

water does not immediately destroy, but which continues to admit of a partial

adherence to the gravel at the bottom of the spawning-bed, where the ova receive

the necessary fecundation of the milt, and are afterwards covered with gravel by

the instinctive efforts of the female parent, in the manner above described.

How long these ova will remain excluded from the body of the female, and

yet continue capable of receiving with effect the fecundating action of the milt, I

have not hitherto ascertained. I have, however, made several experiments on

* I am aware it has been a matter of dispute amongst observers as to which of the two extremities

of the fish is employed in the formation of the spawning-bed. However, from late opportunities of obser-

vation, which rarely occur, owing to the turbid state of the river in the spawning season, I am now sa-

tisfied that it is by the action of the caudal extremity alone that the gravel is removed.
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the ova after the parent had been a considerable time dead, and removed from the

river. In one particular instance, the female had been dead for nearly two hours

without the vital principle of the spawn being in the least degree affected,—as,

on being afterwards placed in water, and the milt of a living male poiu-ed upon

it, it exhibited within the usual period the same healthy and progressing vivifica-

tion, under a similar temperature, as that taken and impregnated the moment it

quitted the body of the living parent. I have merely stated this fact as being in

part corroborative, so far as relates to the salmon, of similar experiments made

by M. Jacobi on individuals of the same genus.

The extraordinary nature of the experiments made with the parr and salmon,

I have no doubt will tend to stagger the belief of many who may be disposed to

admit the truth of the facts resulting from the experiments upon the adult fishes.

Nevertheless, they are strictly true ; and I would strongly recommend that all

those interested should immediately turn their attention to a subject so curious in

a zoological point of view, and so important in its bearings on the history of the

most highly prized of all the species which ever sojourn in our river waters.

ILLUSTRATIVE PLATES.

Plate XXI. exhibits a plan of the Experimental Ponds, as constructed by Mr Shaw, and described

at p 553.

Plate XXII. contains representations of Parr or Salmon-Fry, in various stages from the ovum to

the age of two years,—by which period the characteristic aspect of the Smolt (commonly so called) has

been assumed. This Plate is lettered in such a manner as to explain itself, and therefore need not here

be more particularly described.
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XXVIII.

—

On General Differentiation. Part I. By The Rev. P. Kelland, M.A.,

F.jR.SS.L.SfE., F.C.P.S., late Fellow of Queens" College, Cambridge; Fro-

/essor of Mathematics, ^-c. in the University of Edinhurgh.

(Read 2d December 1839.)

We owe to Leibnitz the first suggestion of Differentiation, with fractional

and negative indices, but no definite notion of the theory was attained until

EuLER expounded it in the Petersburgh Commentaries for 1731. Still Euler

wrote only a few pages on the subject, so that the theory could scarcely be said

to have come into existence, until Laplace, in his Theorie des Prohahilites, and

Fourier, in his Theorie de la Propagation de la Chaleur, shewed how general dif-

ferential coefficients might be deduced by means of definite integrals, provided we
assume or prove, by means of some elementary definition, that the differential

coefficient of a circular or of an exponential function has a certain form. The

formula given by M. Fourier is a very simple one ; and our astonishment is

great, when we reflect on the time which elapsed from its announcement to the

first application that was made of it. This took place in 1832, in a memoir by

M. Liouville, entitled Questions of Geometry and Mechanics resolved by a new

analysis, which memoir is followed by two others on the more immediate theory

of the analysis itself. Although M. Liouville regards his analysis as a new

invention, we have no doubt that the idea is due to Fourier ; but still to INI.

Liouville belongs the honour of moulding it into a shape capable of being made

use of in the solution of problems*

M. Liouville, in this memoir, adopts a different line of proceeding, in order

to deduce the differential coefficients of positive powers of x from that by which

he obtains the differential coefficients of the negative powers. It is true he shews,

in one or two cases, the possibility of deducing the one directly from the other,

by means of complementary functions or constant functions of differentiation.

We think, however, with Mr Peacock, who reviewed this memoir in the Reports

of the British Association., that the process is far from satisfactory. Indeed, M.

Liouville appears to have entertained some suspicion that it would be thought

so; for we find, in the eleventh volume o/'Crelle's Journalfor 1834, a short me-

moir by him on the theory of complementary functions, in which he corrects his

previous memoir, by adopting a more enlarged definition of / n (Legendre's or

Euler' s Function). But this correction does not appear by any means perfectly

VOL. XIV. PART II. 5 H
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to answer the desired end. We cannot find that M. Liouville has attempted to

obtam the differentials of quantities without direct recourse to his complementar}"

function ; and consequently, although we acknowledge a degree of improvement

on his first essay, we are far from thinking the subject free from objection. We
are not aware that M. Liouville has done any thing further in the establishing

of the first principles of the science. W^e have three other memoirs by him, two

on formulse, by which the subject may be applied, and the third on the mode of

effecting a transformation of the independent variable, in none of which does he

say a word about the principles.

About the end of 1837, appeai-ed a paper in the Cambridge Mathematical

Magazine, the author of which is ignorant of the greater portion of what has been

written on the subject : indeed, he must be supposed to have read M. Liouville's

first series of memoirs, and those only. The author professes to have translated

a part of these memoirs, altering the parts against which objections had been

raised. Independently of the fact, that there are proofs of the limited extent of

the author's reading, the mode in which the subject is treated is such as to de-

serve a high degree of praise. M. Liouville had left the matter very vague as

regards the determination of all differential coefficients, except those which come

under a particular/orw. This vagueness is done away with by the author of this

paper, who shews how to proceed in all cases of powers of the independent varia-

ble. The whole subject, too, is arranged in a logical form, commencing with a

generalization of the fundamental formuhe of the science. This, as far as we
know, is all that has hitherto been written on the subject, if we may except ge-

neralizations of M. Fourier's theorems, and an arrangement of Euler's notion.

The subject is indeed in its infancy, but it is to be hoped that it will rapidly grow

to a full stature. We venture to express our belief, that the excessive rage for

elliptic functions, which has engrossed analysts for the last ten years, will be

turned, partially at least, into the channel of general analysis. That we may

contribute our part towards effecting this desu*able object, it is our intention to

])resent to this Society two or three memoirs on the subject, endeavouring to place

it in so simple a light, that no greater difficulty shall be experienced in appre-

ciating the evidence on which it rests, than is attached to common algebra. We
hope, too, we shall be enabled to remove the barrier, which, doubtless, has been

the real obstacle to its reception, viz. the extreme rimltiplicMtion of cases, which

Mr Peacock complains of with justice. To explain what we mean, we may be

allowed to observe that, in the present state of the science, the expression for

\^^
has four different and very dissimilar forms, depending on the signs and

the relative magnitude of m and n. We shall shew, in the sequel, that one form

comprehends them all ; and shall thus be enabled to give to this science its pro-

per dignity, by relieving it from the imputation of being subject to a tentative
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process of examining the results of each particular form, and retaining only that

one which gives no absurdity as its result.

We are aware that the whole substance of an Academic memoir is usually,

as far as is known, origirial, either in its results or in its mode of arriving at them.

We trust, however, that we shaU offer a sufficient reason for deviating from the

usual custom to a slight extent, when we state that the analysis which we treat

of is hardly known by name even in this country ; and even where it is known,

from M. Greatheed's paper, its value is far from appreciated. The latter cir-

cumstance is undoubtedly owing to its want of generality ; for we confess that,

before we were so fortunate as to discover a general form for all the differential

coefficients, we subscribed to Mr Peacock's views of the memou- in question, and

agreed with him in treating it as almost or altogether erroneous.

It is right at the same time, that we should state our conviction that M.

LiouviLLE himself clearly saw, in his second memoir, the unity of his calculus

;

for although he appears to rest his conclusions, even in his very last memoir, on

the complementary function, yet, from one phrase in the 15th volume of the

Polytechnique Journal, we are induced to infer that he considers the fundamental

form to be not merely generally true as a definition, but also as a means of opera-

tion. We had not seen either this memoir, or those in Crelle's Journal, until

long after our own views had been settled. It is strange, however, that M.

LiouviLLE does not appear to be able to a^^ply his ideas in the establishment of

the theorems requisite for the foundation of an analytical calculus.

We trust that no apology will be requisite for introducing into the present

memoir a considerable portion of analysis, derived from M. Liouville's memoir,

as we fear there is no other way of making the subject interesting, if indeed we

can otherwise make it intelligible. We trust, too, that the nature of our addi-

tions to the theory wiU plead our apology, and we hope that the importance of

our generalization will suffice to make some amends for the introduction of bor-

rowed materials. Not to spend more time, then, on apology, we proceed to the

definitions and first principles of the science, leaving it to the reader to discover,

in many instances, what is original and what not.

Section I.

—

Fundamental Principles.

1. There are two ways of arriving at the fundamental formula : we shall ex-

hibit them both ; the latter is, however, merely the converse process to that con-

tained in the former.

d . e"'*

Since -^^='"^™^
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rf2 . e'^' _^2gmi

T—= fe"' ^dx= m~ ^ e
dx~^

&c. &c.

^ onf f"^

'

mr e

dx^

whenever yu is a positive or negative integer. Let us retain the general form, viz.

d/'e'^' w X ™- ., .„ , n .. P , d" di -Or e V
that z=f(m)e'"'; then, if ^ be a fi*action — , we must have

rfa/' ? ^ p_

dx' dx"

the symbol of differentiation being repeated q times, equal to /{mJJ^e"".

But the result is also m'' e"^' , since, by repeating —j q times, we get ^^

hence f(m)\^=mF

f{m)\ = m^

p_

= ^?^ . e
p_

dx''

d^ e'"
-^

and by the usual extension, we obtain —'-

=m'^. e™' whatever // may be.
dx'^

Hence, if any function of a; can be expanded in terms of e'" " &c., we can find

its general differential coefficient.

2. From the above proposition, we deduce the two following

:

d'' r d•fi.+ 1

. u — — . U
dxf- dxf d^^'

(T , ,
df" u df-

I,

[u + v) = 1-

dx^ dx^ dx"-

The former of these propositions was requisite for the demonstration above : we

may, however, assume the result of the last article as the definition. In this case

we can prove the formula, before us thus :

Let

and

«= 2Ae»'--^

"•

dx'

dx'

</^+'. u

dx« + V
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For the second proposition, let v=iBe"*

u + v= '2.Ae""' + lBe"'

and Jl^J^±lL=Im'' Ae-^' +ln'' Be"^

d'^ u of V= + .

It must be observed that all functions are supposed to be susceptible of expansion

in the form 2 Ae'"'^ : with the correctness of this assumption we have no concern,

provided we limit our results if the assumption is not correct.

3. The demonstrations above exhibited are due to M. Liouville. The fol-

lowing, which are deduced hj reversing M. Liouville's process, are Mr Great-

heed's.

A general differential coeflficient is defined to be such a function that the fol-

lowing equations are satisfied by it

:

d'^{u-{-v) _ d''ii d'^v /-j^^

rfa;" dx^ rfx"

d'' rf' df' + 'u
u =

dz^ dx' dx''"'

Now let .'/=^

(2)

W X

dy

dx

df" dy di^e
and . -^ = w

m X

dx^ ^^ dxT

df' + '^y di'y
,, ^,

or , = m—- ( by 2)
dx^^' d^ '

•

d di'y d^^y ,, ,

or V • —^ —in —— i^do.i

dx da^ dx^

hence, by integration,

dxf'

p p

Now if ^=4 ,

^^^^'^- toy terms
^^^^,^„

9
dxfl dx^ ...to q terms

p

or . mP —G" , C= »j'.

dxf"
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If there be any doubt about the correctness of the assumption that

d'^ my _ md'^y

~d^ ~ dxi' '

it may be removed by means of equation (1), from which this equation is dedu-

cible, by puttfng u,2u . .. successively for v.

B)^ means of this fundamental formula, or definition (as it may be termed)

of the calculus, we are enabled to obtain the differential coefficients of different

functions of x.

4. To find the differential coefficient of -

Since - = 1'^ e—^' da
X Jo

d:>^ Jo dxT

= n {-aY e-'-'^da:

a form which is readily put into a numerical shape, when x is positive, in the

following manner.

Let ax = 6

d6
da=^

X

rf'.l
and * X p«, / 6\ f^ —( dd

e
dxf" ~Jo \ x) X

^{-^r-e\-' ds

since /(l + /u) =/* 6'^e—^d6, where /" is Legendre's function gamma.

But if X be negative, we have

— = — / e d a
X Jo

rf''!

= — # oT e a a,

dx^ o/^

Let ax = —6

deda=
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and X roi / 6\f^ ^g / dd'

1^ " Jo \ x) \ X )

the same form as before.

5. To find the differential coefficient of— •

If ic be positive, f^ e~'^'' a~^da. becomes, by the substitution of d for ««,

Jo \x) X «« '

if X be negative, f^ e"'"-'^ a~^da. becomes

In the first case, if we differentiate with respect to x, to the index }x we get

d^".^

I' Injo ^

In Jo

\u, — kx n— 1 J— a) e a, a a

CO — aX n+u—l ,

a da

I n X '^

In the second case, if we differentiate with respect to x as before, we get

d'' .\
X 1 /'oo m + M— 1 ax ,= __ # a e ««

^;jr'" (—1)" /»«y<'

_ (_!)'' + ^ /~(W + /X)

=^):/>^^Us before.

Now, Legendre considered the function r as restricted to positive quanti-

ties
; consequently when either w+// is negative, or n negative, the above expres-

sion appears to fail, and others quite different have been shewn to apply to these

cases. If we have no means of remedying this defect, the system is utterly use-

less as a branch of analysis, and we should do well to attempt to establish another

in its place ; but, fortunately, there is no occasion for this, as we shall shew that
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the above form is applicable in all cases, and may therefore be used as the general

form, without any reference whatever to the specific values of n and /x. As this

proposition is of the utmost importance, we shall give more than one proof of it.

We must, however, make a slight change in the notation, in order to avoid the

charge of misapplying Legendre's functions. We shall, therefore, write > in-

stead of /" {p) or rp, lengthening the top of the /~ and assuming the function

I'p to be such, that, like Legendre's function, it satisfies the condition \+p=
P rp . By this hypothesis, /~ and / become coincident, whenever the quanti-

ties under them are positive.

We suppose, then, that the general expression for

^_^ IS

whether w or w + M be positive or negative.

This we call formula (I).

6. II. To find the differential coefficient of x"" where n is greater than fi.

The result will 1)e

rf'^.a:" 1 . -.x^ /fi-n
(-1>

Now, /l-{n—ix) ^-{n-jj) / -(n-fj.)

/2-(n-fJL) =+(l-n-fx) 'l-(n-fJL'

lr—{n— )S) = +(r— l — n— lJL) /(r— 1) — («— /z)

therefore, by multiplication,

/>•— (w— />() =(— 1)'' I// — ju // — //— 1) ... (?l— /x— /•— 1) X /—(«—/>('

/• being the integer next greater than n-fx.

In the same manner, /^ may be reduced by the formula

/s~n= ( — iy n(n— l) (n— s— \ —n

where s is the integer next greater than n.

Hence, by division,

/ii^iT/,) = (_i). i'.-};^~^^^^

— I s—n

« (w— 1) • •
. (n— s + \^

/~(n-fX) ^ /r-(n-tx) « («-l) ...(»-*• + 1)

/~n /s-n ^n-^) ... (n- fx- r+l:

/s—n /n~s + l /n— fJL + l
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TT

Now, /»./!-» = -. when » is a fraction less than 1,

lr—{n— y) /l^^n— fx— r = — IT

sin (r— n + fx) TT

js— n j\ — s-\-n =
IT

sin (s—n)nT

/-(n-fx) /n + 1 sm(s-n)'7r
hence —f=— = {—^)

l-n ^ } • /„_^ + i •sin(y-?i + ^)7r

ln-\-\ (— 1)—* + ^
. cos sTT sinwTT

ln-il-v\ (-l)-'' + ^-cosr7rsin(«-/x)'7r

/w + 1 sinwTT

ln-\x-^\ ' sin(w-/x)'7r

provided that n and «-// are both fractions.

In this case, then, -j^ = (-1) ^==- • .„-(„—j-^ ^ .

But if one of the quantities be an integer, we must proceed differently.

{a) Let n be an integer

:

then /n-n=(-V)" n (n-1) ... 1 . /^^

= (-!)« /w + 1/- w

/r-(n-fx) . /n-fJ.-r + l

/jjL-n >— /x + 1

~(-l)« sm(r-n + fx)v /^_^ + l ' /«-»

= (-l^'^ + l
.

"^ /^ + 1 1

sin(«-/i)7r' /n-n + l
' /n-n

=0, '.' /n— n = CO

hence the formula above will give the result, whether it be correct in form or not.

/fx—n
(b) Let /»-/z be an integer ; then it follows from the last case that —

—

=°o
,

so that the formula above gives the correct result in this case also.

(c) Let both n and n-fxhe integers

;

then /n—n=(—l)" /n + 1 /—n

/«- /x— (%— ju)= (— I)"—'' /n— fJL+i /fx— n

VOL. XIV. PART IL 5 K
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hence
/—n /n— n /n— jx+i

df ir" _ /» + !' n—

^

and r— — , -, •
^

dxT /n-fx + 1

and the above formula is not correct.

We can, however, render it applicable by adopting the following mode of

proceeding, viz. by treating the formula (—1)'' • -r~. ^^ as ^^w^'raZ with respect

to n, but not general with respect to fx ; and consequently, writing sin »« ttcos/^ tt

for sinw— /x.TT, when // is an integer as well as n. It must be borne in mind that

our present transformations are not intended for the purpose of obtaining formulae

general in their nature and form, but ai'e merely formulae of calculation. We
wish, in fact, to shew that the fundamental formula itself includes all others,

and consequently that, in all cases of general operation, it can be adopted without

error.

Bearing in mind the restriction imposed by the last case, we are able to

make use of the following formula in our calculations whether n and n—jx are

integers or fractions.

dx''
'

/n-ix + l' sin («-//) TT
--^

7. III. Next let n be negative, but less than /x ; then shall we obtain from

the fundamental formula

Now we have already shewn that

/-«=•
( — 1)* /s— n

«(n— 1) ... (n— s + V)

/s—n /1 + n— s

=(-ir

=(-1)

/n + l

TV

sin (s— n^TT '

/n + l

w 1

sin w TT /n + l

d'^x" , ^,„,, sinwTT /n + l /ix-n

dx'' ^
'^ a:^-"

8. IV. Lastly, if the form be

" ^ _ Pa;—(» + I")

dx^
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where w + yu is a negative quantity,

and since n + w is negative, let it equal -m;

/_^=(_])' /^ -w
m (m— 1) ... (m— i* + 1)

{t being the integer next greater than m)

jt—m
^^~^^'

'/tt^Tl /m-t + \

1 TT

^ ^ ' /m + 1 sin(?— m)7r

TT 1

or

sin ?« TT /m + 1

= (_l)^ +i_ TT

a;-^ + ^sin(-w + //.'7r) /w /l-^fi^

If w + /z=0, the result is infinite; but it is constant ; consequently we may
suppose some arbitrary constant to have been omitted in the differentiation. In

other words, when /jl is negative, the fundamental formula does not give the com-

plete result. It must therefore be rectified, as in the case of ordinary integration,

by the introduction of an arbitrary constant 0/ theform of the integral. The com-

plete result, then, we shall assume to be

"^'''^~"
=(-1)^ + 1- '^^

. _ ^ -
. (a;-(» + ^)_a-(» + ^)).

dx'^ sm(—n + iJL'7r) /n fl— (n + iJi)

Now = jr when w + /x=0;
sin ( — w + yU tt) "

hence we must find its value by the usual method of differentiations, and we ob-

tain

X

a
log -

1 X
= — losr .

—
rrr O /->(TT) cos (w + yU) TT TT °' a

We shall recur to this process in the sequel.

9, We have thus deduced from a single formula results which are applicable

to any case, and we may consequently adopt this formula as our standard, and
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use it without any restriction as to the value or sign of the symbols which it in^

eludes. That our formulae are correct, we shall give abundant evidence as we
proceed. At present we shall be occupied in the demonstration of two or three

propositions which will be useful hereafter, and will also serve to verify our re-

sults.

Mr Peacock suggests the adoption of the following form of the differential

coefficient.

rf'^a;" /« + l

dx^ /n— p. + l

Jn fact, if /i be a positive integer, we get

X
,«—A»

dxi^
=n{n-V) ... (n-fi + l)x'^'^

-^±1-.-'^
/n—n + 1

and are thus in possession of a form very convenient to be adopted as a defini-

tion. We can easily shew that it is a correct/orw by the following process

:

Since = A a;"^'" where A is a function of n and u, if we take the
dxi^ ^

(«-/x)th differential coefficient of each side, we obtain

:A

^ a;" d'^i' ar'A=
rfar** dx"^^

ifi n

if therefore — be abbreviated by /(n + l), we obtain

/(w-yu+l)

dx'' /(n-fX + l)

theform required.

10. Mr Peacock is, however, not justified in assuming that/(« + l) coincides

with /(n + l). If we examine equation (2), we shall find that, as far as that for-

mula is concerned, we may write

(-ly sin nTT /n + l for f(n + l)

Taking this as true, we obtain

(_ 1)»—1 sin («- 1) TT /rC=f{n)

or (— l)"sinw7r/»»=/n

/(n + 1)= (— 1)" sin w TT /w +

1

= (— 1)" sin « TT » /»

= «/(n).
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This function will consequently satisfy the requisite condition, as well as

/n + 1.

In order to assure ourselves whether our induction is true Oi wot, we must

inquire whether it will satisfy the fundamental formula.

By adopting it, we obtain

dx^ /(-n-/x + l)

^—«+^

(-!)-« sin (-»» TT; /-w + 1 _^—
;^

. ^_— . ^ nfi
~

"(—!)—('*+'') sm(-?»-/z)7r/-»-yu+l
X

~,i_Xf smwTT
sin(/i + /x)7r /_^_^ + l

Now we have shewn under formula (2) that

X

j—n' /n'— fi + l sin (n'— fx) TT

/-(n'-fx) jn' + l sm(n''7r)

Let n'=n-l, and write —fi for fx ;

/— w + 1 M + fx smn + fx—l'rr

/—n—fx + l /^ sinw— Itt

/n + fx sin {n + }x)'rr

jn sin » TT

therefore, by substitution,

This value of /(?^ + l), therefore, completely verifies the general formula.

We must not at the same time conclude that it is complete, although we may safe-

ly trust it as the variahle factor of the complete form. It wiU be seen in the

sequel that the other factor is infinite ; but, as each function has the same factor,

this produces no effect on the result.

We see in this circumstance a remarkable instance of the failure of the prin-

ciple of the permanence of equivalent forms, as it is called. According to that

principle, f{n + l) should have been equal to /n + \, and not to ( - 1)" sin w tt /t^ + 1.

There can be no doubt that such a principle has no real existence, sanctioned as

it is by the names of the greatest analysts. But we forbear discussion of this

matter.

11 . Our next proposition is the following, analogous to that in the theory of

whole differentials.

VOL. XIV. PART II. 5 L
"
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Let u, Ti be two functions of x capable of expansion in the form of exponen-

tials ; then

d>^ (uv) _ dt^u dv d/^—^u M(M-1)

d'^v d^-'^v

dx^ dx^-^

the order of the Binomial Theorem being observed.

Let M=2Ae™^, v= 2Be«^

MtJ= 2Ae'"^ . 2Be»*

= 2 ABe'" + "'

dx^
^ '

= 2(?w'" + fxnm''-^ + ^^~y^ n^m''-^ + ...) Ae""Be«*
J. • ^

_ c?^^ dv d'^-^u /^(/x-1) rfg^; rf^~^M

12. The application which we pm*pose to make of this theorem at present is

the following : to deduce the formulae (2), (3), and (4), from the fundamental

formula.

Let r be an integer such that n=r—m, where m is a fraction less than unity

;

then ^^^". ''{^'^)
dxi' dx^

Let, therefore, "=-^' v=x'' -^ and we get from the theorem

^ ^ ^ jm + u. r- \ / jn + u.—

1

dxf^ ''^ X ^ '^ /m a;'^
+^i

1.2 ... / ^
^ ^ ^ [^ ^m+f.-r

X^ (

= (~1)'" —„ /— 1 /m+a-ar lm + UL—1 + ...

+M(M-l)..-(M-'-l)^^^i^}.

~ -^_f .

I
(m + /x— 1) .. . (m + fx— r) /m + /Ji—r

m

fxr— (m + /;i-2) ... {m + fx-r) /m^ fx-r
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+ ^-y-^^ fJL(iJL—l)(m + fX-S) ... {m + jJL-r) /m + ix-r + ... j

= (-1)'' ^^ im + ix-T. f
(m + /x-l)... (M + /x-r)

_ii!L(m + /x-2) ... (m + fx-r) + . .

.'

+ (-l)'-X/;t-l)...0u-/- + 2) .r(w + /X-y)

+ (-i)Xft-i)...(/i-/+i)
}

= (-If ^^^ //T^ { (/X-«) (^-W + 1) ... (yU-W +T^)
/m >

r
w + r

= (-^^ is^
'''-'' *^"'^ 57- -^^-"^

r d u, d^^ (— 1)*""
|<i—»+r—1—!«,—

1

~i~d^ 'ax"—^
' ^-^

.
r(r-l) d' ^. d'-'' (-l/~' ^^^,^ + ._2-,I=:2 _

I

1.2 c?^ dx'-'' tT-^
'

'

n—ft, (

Im \

= (-ir.^- /^,i3^(_i)'-.— _^(..-^)

a; '*
, , ^.^ ^ n d X

= (-IT -V- //i^ (-ir ^'""-7^
/m dx

= (-ir i^ /^ (-ir ..-. "C-D^-c— ^1)

/m a:

= (-ir^=- //x-«(-ir
//w /«—/• + !

, ^.u. x'^'^ /fx-n /n + l(-iy . , ,= {—Vf -^- ^ 1— .sm (/•— ») TT

= / ^Ni^+l /M-^/^ + 1 sin>^7^

which coincides with (3).
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We cannot help remarking, that the process adopted here is most satisfac-

tory, as we do not take for granted even that the function /n + l satisfies the

condition /« + l = n/n except in those cases in which 7^ is a positive quantity,

where, of course, we have no difficulty. It, therefore, confirms our h3^othesis, if

indeed confirmation is requisite.

13. We have still another mode of verifying our formulae from the theorem

before us. We have seen that

rf'*^" /(n + l) ._,
V- .

dzi^ /(W-/X+ 1)

where /(^ + 1) =——
But the theorem gives, by writing n for ^t,

^" ^" = illlA",
[ /m + n-n .r /m + n— l + . .. + (—iyn...(n-r+ l) /m + n— r\

dx" Im \ ^

but n=r—m, therefore n—r + m=0, so that the last term of this expansion is /o

X a quantity. Also, /Tx = /l ; therefore /O = cc , consequently the last term

is infinite ; we may therefore neglect all the other terms compared with it, and

we get

(-i)".(-i)'-/^rn /o
f{n + 1) = —

. ===
jr— n Jn—r-\-\

TT

+ 1 sm W TT= (—1) /w + l./O,

Hence the constant factor which we omitted in /(w + 1) is , and we have
TT

now the complete value of that factor. The result completely verifies the for-

mula (2).

14. But its effect is not confined to this particular formula.

We have generally

-^^ = ^^i£^ w(/^-l) . . . (w-r + 1) /O"
^^» /r-n

a .jc^ _A_U ^(n-ii)...(n-ix-s + l) /{)

dx^i" /s-(n-iJL)

if n-/Libe positive;

I
«/"-'*

and
of-'' _ (-1)"-^ /O

from the fundamental formula, if w-^ be negative.
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Therefore, in the latter case,

dxi^ ^ Ir—n a^—^

Ir—n /n— r + 1 x^ ^

_ / ,N;a + l sinwTr /jx—nln + l

TT
a;'^~'*

which coincides with formula (3).

If n and n + iJ- are both negative, we can obtain the results by means of the

fundamental formula alone, without having recourse to the theorem before us.

15. We subjoin the fundamental formula, with its three modifications, in

order to apply it to a few examples.

(!•) ^=-4(-ir. /Jll±]^ the fundamental formula.

' dxi^ In-fx + l sm(n-fx)rr

, d'^x'' _._-,N,>* + l sinwTT /w + 1 lix-n
^^•^

dz^ ~^ ^
' ^ ^-^

dl^—
(4.) ^" ^(- 1)^ + 1

^
. _ 1

a:~^'^
+ '^)

<?«'' sin (— n + /x tt) /w /1_(/«+ju)

Ex. 1. Find the differential coefficient of x" to index 1.

Here, if we adopt the fundamental formula, we obtain

dx-"^ _ 1 ,_^' lm + 1

dx Im '

x^'^™'

and by supposing m = -n, this gives

dx"" —1 II—

n

dx l—n
' X1

—

n

But ll—n——nl—n.

ll-n _
l—n

dx . ..
,

and --7—=—r^ = ^ ^

Ex. 2. Find the M^^ differential coefficient of os" where M is an integer.

1. If M be less than n, we may use formula (2), and we obtain

VOL. XIV. PART II. 5 M
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«?'' a;« _ ^ /n + 1 sin n tt
(-1)

dxf^ /n-fx + l sin(«-/i)7r

But /n+1 = n /n

X
.n—

^

/n = (« — 1) /n— 1

/n— fX + 2 = (n— fx + V) /n— fJL + l

/n + 1 = n(n— l) ... (n— fx + l) /n- /jl + I

d^ x"
, tsu, , -,N / . -.N sin w 77

and ::^^={-lYn(n-l)... (n-fx + l)-^ ji—f^

ds^ sin («-//) TT

Now, if w be a fraction, -r—, -r— = ; and ——- = 1 :
' sin {n— fj.j'K cos fxir cos fxir

d^ x^
hence = » («-l) • • • ("-^ + 1) a-"

•'
.

dx'^

But if n be an integer,

sinwTT ix • 1 ji ,

imT^T^nuTTT^'O ^^ obtain by the observations in art. 6.

-r—, r— with the limitations imposed on it equivalent to
sin (n— 1^)11

^ '

sin » TT 1 , „
as before

;

sin W TT COS fX TT COS fX TT

hence the result is true in all cases.

2. If M be greater than n, we may use formula (3).

If n be a fraction.

d'^af' _/_-,x^i + l sinnTT /n + l/fx-n

dx^ TT ^—n

ifi n

If n be an integer, sin w tt = 0, and ^ = o
dx"

df^ t"'

3. If IJi = n, ^^L^- = n(n-l) ...2.1.
dx^

Ex. 3. To find the differential of a?" when ?z is a positive quantity and [i a

negative integer.

Here we may adopt our formula (2).

dx-"^ jn-\m + l sin (w + »?) TT

and by the restrictions, if /^ be an integer, or actually if it be not
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sin (n + m) tt

also /?* 4- m + 1 = {n + m) (n + m— 1) ...(« + 1) /« +

1

d X-'"
~

(w + 1) (n + 2)T. . (n + ni)

Ohs. The introduction of arbitrary functions (of integration) is of course re-

quisite to render this complete ; but we shall defer the discussion of the nature

of these functions to a separate section.

d^ x^
Ex. 4. Find the value of ^^. •

Here we must use the second formula ; and we get

^ = {-if_[±_ __^±JL^ (^»-/^_««-^)

if we suppose the differential to vanish when x=a.

Now, —^—, ^— = — loar — •

saxin— fj)
TT TT *= a

TT ° a

= ^-i "^ ^* log "
IT "a

But /i =\/7r by the well known formula /r /1-r =
^^,^7^ ;

putting >'=i

d^xi ^/_l 1 «

= ^-.— log.,

if we omit the constant.

d X
Ex. 5. Find the value of 1-

dx -

f/i T^ /I- sin I- TT

Byformula(2) ^^^ = (-1)' 4^ '

sin^
" -

Ex. 6. Find the value of

= 00

<^2 ^ 2

c?a;
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dU^- , ... 1 /I- ,1
By formula (3)

^t^ ^{-Xf
ax - /f .r

This example will serve us to verify the very singular and unexpected result

which we obtained in Ex. 4.

d^x^ __ dd} x^ _ d aZ-I
F«r -J^ ~J7J^^-dx -27nr ^'S- (by Ex. 4.)

= ~cr~r— • — which coincides with the result above.
2 V TT X

The verification here obtained is stronger than at first sight may appear, in-

asmuch as the result of Ex, 6 was obtained without having recourse to the in-

troduction of an arbitrary constant, whereas that in Ex. 4 depended entirely on

the arbitrary constant.

d" x"
Ex. 7. Find the value of -r—- when n is a fraction.««"

By the second formula,

dx"' fT ' sin(w— /x)7r

sin w TT , X

jn-— a
—

^

= (-!)'• /« + ! . log. — .

dh^
Ex. 8. Find the value of

dx^

By the second formula,

d^ X , ^,i /z sin . TT 1

dx^
^

/f
srn^TT

16. This example appears to have been the first to induce men to think on

the subject.

EuLER, in the Petersburgh Commentaries, vol. v. for 1730, gives the follow-

ing result as the basis of general differentiation.

fdx(— \osx^'
d" z'= 2*-" dz"" -^ ; ^

^ (fdx{-\ogxye—n

and obtains fi*om it, by putting e=l, «=y» ^*^~n/^t~ • ' where A is a constant.

If A = 00 , this result coincides with that which we have deduced.
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M. LiouviLLE, on the other hand, makes
^

=A + Bx + . . . + Cx"'
; by add-

dx

ing- any rational integral function of x, Avhich he calls the complementary func-

tion. In applying the analysis to differential formula, this result, if admissible,

would totally stultify all our processes. We should prefer writing the result in

the form which Euler has given ; for then we could proceed to differentiate a

second time, and obtain the differential coefficient of x, without reference to a com-

plementary function, which would be desirable, otherwise the complementary

function could not depend in any determinate way on n and jjl. We conceive

that, whatever may be the value of the differential coefficient, its form ought to

be such as to resolve itself into a known function when subjected to known ope-

rations. On this account, we should think it advisable to write

aa;^ ^ ^ /3. sm -| TT

Now, differentiating this function to the index \ , the result is

^^
/| /I sinOTT sin-lTT

sin 77
x" =x'' =1.

smTT

X
2

sinOTT

The logarithmic form of Ex. 4. cannot be here introduced, on account of the

process in the first part not being ajlnal process ; the introduction of a constant

at all going on the supposition that the differential shall vanish for some value

of a;, which, in the case before us, it cannot do.

d^
17. Ex. 9. To find -1-* • (a const.)

dx^ ^
'

By form (3) 4^ =(-1) t
'^^"^ f^^ • li^~n

Let »=0

d^ a , ^ , 3 sin V TT= a(-l)s-
rfar* TT x^

a sin , -, . > 1

VOL. XIV. PART II. 5 N
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Section II.

—

Differential Coefficients of Functions of x.

Logarithmic Functions.

18. Our first proposition must be the differential coefficients of log- jc.

Now we have already shewn in Ex. 7 that, when /^ is a fraction,

omitting the constant.

Hence, taking the differential of the — y^th order, we obtain

, - , , ^- sin n TT rf""" log x

TT

d^'logx _ (-1)-" TT

sinnTT

From the nature of the process, all the functions corresponding with constants

of integration are necessarily omitted, and these may, as we shall see presently,

embrace the most important part of the result.

Again, we saw in Art. 8. that

dx-^
I n

therefore, taking the nth differential, we obtain

The last formula includes the former ; for

, TT 1/-n=-

d~"\ogx

sinmr /n + l

=(--irn '^
•

/^^ldx"" " ' smnTT

which is the result above.

19. To obtain a more general form in each case, if there be one, we must

proceed in the following manner.

To find ^^— generally.
dx""

Since
^"losrx rf«+i d-^

,

dx"" rfa;" + i dr-^ *

d'^ X
and that generally —^

/-I
(-1X

//•-I
,»r—

1

from the fundamental formula

;
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we obtain -nrr?-= '^g ^ - , „,-, + - ^ • -7-^

(?J + 1)« 1 (/"-I
a; (w + l)w(w— 1) 2 fl?"-2a;O ^~^«^i "*" 17273 1^ c?««-i

- &c.

/—I «" a; /—I

_ (w + ]> 1 1 / -.Nn-l /^7I2 ^
1.2 •

a:2
• /3i - ^

"T^TT^ yogx/n-/n-l.(n + l)

=
(y_}y:l"

/log ;. ^- /n-(«+i) /^i - MIK^ /,r-2

3
^ 4

'

J

rfMogx , . (
-1)"+^ /n—r-^—= above series — i—

^

— • —ji

= lzi}!77/ (log ^ _ 1) /% - (,^+1) /^^

- (*^±^- /5r=2.-^?^^:tl)|K-l) /.^ _ &e.
}

Now the series may be put under forms as follows :

/»-r=(«-2)/^^
&c. = &c.

,. (.+1)/^ + -^^/^ + ...

_ (n + l {n + l)n 1 (n + l)n{n-l) J^ \
^^"/'' \n-l (n-V){n-2) 2 («-l)(?J-2)(«-3) '3 /

This series is divergent, except when n is negative or fractional.

d~'' (u v) _ u d-''

V

du rf~'" + i
tj

^0^' «?«-'• Jx^' ^~d^ dx-^ ^ ""

if, therefore, m=«»+i, ?j=a;-(")

rfa;-^ ~'(w-l)(^j-2)... («-r)

/•(/^ + l)a:» . (-ly + i a:-^"-'--
^'

(»— i) . . . (n—r— V)

r(/- + l)a:"-i (-!)'•+ 2 a;-(«-'-2' (« + l) « _ ^^
"^ 1.2 (»-l) TT («-r-2)
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+ r
(n-V)...(n-r-V)

TT2" (n-l) . . . (n-r-2) •
]

which gives the above series if r=0

r{r + l) (n + V)n

n + 1 1 (ii + l)n

n-\ 2 (»-l)(w-2)

1 ( d-' X

-yy'dlF^''
'""'

^
^^^

(n-l)...(n-r)) '

"""^-ir
1

(»--1)... (n -r)

'a; /«-
'-}• r=:0

—

r

/»

^ I /-I /« /

= -7^, an illusory expression.

The fact is, that the function admits of different values dependent on the

value of n. We shall proceed by a process of comparison to exhibit these values.

1 . If w be a positive integer, the series must equal — 1 /^ in order to mak^

the result coincide with the above particular case, and

IT
l/-^l = /0=_l = (i)„=0:

hence the above numerator is unity. The same is true if n is a positive or nega-

tive fraction, in all which cases / — 1 in the denominator causes the first term to

vanish, and the result is

dx" ^ '

fn
But if n be a negative whole number (and in no other case), is finite

;

so that in this case the first term does not vanish, and we get

f^ _ (-1)"-'

7=T ~(-^)(-^-l)---(2)

rfMog^ __1 (logar-1) (-1)" + ^

daf" ~^ '(ITn) (-n-l) . . . (2) /"^i ^
or writing —m for n :

In . P

rf-™ logic „ loff^-1 , 1. ^ /-»« „„—-—§

—

=x'^—,
^ ^, -^ + (-1) " x^ P

dx-^ mim-V) ... 2 ^ /_1

— X"
m

\ogx- \ x^^
(w-l)~.. .2 »«(m-l)...2

consequently we know that ^ ~ T "*" "2 ^ "
'

"*" _ i
^^ ^^^ ^^®^"
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20. We may exhibit the value of P as a definite integral thus

:

p _n + l 1 (*^^- !> _ 1 (n + 1) (n)

11-1 2 (ri-i){n-2) 3 (n-2) {n-S)

= {n + 1) n
\
—7 Tr + o 7 Tw oV + • • • i^ {n{n-~V) 2 {n— V){n— 2) j

x" 1 x'^'~^

Let therefore, S = ~—irr +^ j—rv?—^k + • • •

then ^= :«;"-^ + 1
^"-"^

+ 1 «;"-* + . •

.

_ ^1 r 1 1 1 1 1
^

= a:«-Mog(l-l)

S = - /' /* f/.i; dx X"-' log (1 - -
)

and P = — (n + l) • n J f^ dx dx x"-^ log ( 1 |
.

The limits of the integral in this case are not determined. In fact, the in-

ferior limit wiU depend on the value of n. If n be negative, this limit is oc .

21. We shall then, adopt the following value for — . „ » viz.

:

JI^ZE^L {log.-(l + P)
1 ; where' V=''±^,+ _J^±i^^. 1 + &c.

/-I . «" ^ ' **-! (re-l)(»^-2) 2

Ex. 1. To find the differential to the index ^ of log x.

dHogx _ {-'^fJ_^ log^ . -^.j Vj (1 + P)

6?.r^ /-I V« ^ "^ /-I V.^

1 + P
Now, by what we have seen, -=r- = -1

^nog-r /^ I ,

^/- TT

Ex.2. To find _fli2£^.

We have the choice of three methods, which we give as follows

:

(1) Jllj2«i = (-i)s/J..-i

= 2 V^^^ «~^ from the formula.

VOL. XIV. PART II. 5
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,,,, d"^ \o^x d di
,

(2) — = —— . —-^ log X
^ ' ^^% dx dx^ ^

= ^ —I
— by differentiating" the result in the last example.

rf^ 1

dx^ X

= (-1)^
' 2

/I

1
3

= ^/-l ^Vtt
1

xi

? all the results coincide.

- 1
•

i:x. 3. To find
d ^ X log X

dx^

-•

by the fundamental formula

rf'a;.logar_ rf^log.r 3 d^ log z
""'

'
"^"2 dx^dx- dx^

X . 1 3 \/— TT= — ^_7r -T-- 2—7
^ X^ ^ ^ X

V- TT

_ c?* log X
^ dx'- '

If we desire to obtain the differential coefficients of powers or other functions of

log X, we have, in general, no other way of proceeding than to adopt the series

for the differential coefficient of a product.

Ex. 4. To find

Here

dx"-

(^" (loga;)^ _ c?" log « . log «

d^' ~ rf^»

_ c?"logx n d'^-^\ogx n{n— V) 1 rf""~^loga:

~ "^
^ rf.r" "^ ~x dx"-^ 1.2 ^ ~^^-2~"

n(>^-l)(n-2) 1.2 </"-^ log a:

^
1.2.3 :*;3 • dx^^

d^—^ loff X
Let 1 + P= Q„ , and write Q^i &c. for the functions corresponding to ^f

m5 it
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then _£lfe^ ^ I , (_!)„,,^ _ 1 (log.-Q„)

- 1.2 •
-^ (-1) T^T • 1^ (^^s^-Q"-2)

+ &c.

= (-l)-.-^.i|i(log.-Q,.)

/—I ^

+ &c.

= (_!)».!^.J^. (log :._Q„)

*
1.2.3(^-2) (.-3)

l-2(log^-Q„-3) + &c.
I

= (-i)"^^7^^(iog-<^.)

/ n ,

w(w-l) 1^
,

nin-X^in-"^ 1 ^ v ^

- (»'^-' + -^::2-
•

2 '^-'-^-
(.-2) (1-3) • 3 Q- + •••)

)

Section III.

—

Circular Functions.

22. To find the differential coeffident ofcosmx to any index n.

_ V—1 4. ^—m a; V—

1

2
^^

(?" cos ma; 1

Since cosma;=— (e™* '^-i + e-"^ >'-i)
• 2

dgf
= 2-m«| (^/3l)«e--^^-l +(_Vri)«e-»W-i 1
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1 nf / 4r+ l /—T • 4r + l \ j—z )=— ??«"

-^
{ cos —~— nnr + v — 1 sin nnv \ e™-'=

^—
^ (

+
j
cos ( 2 /* — —

J
n TT + \/— 1 sin

(
2 / — —J « tt

g—mx V—

1

= -^- ?«" i COS ( 2 r + -y . « TT + »« a;
j + \/— 1 sin ( 2 r + -^ « tt + ;w ,r

j

+ cos (2/— -^"TT— ma;J + \/— 1 sin / 2 /— -^«7r—m x| i

= ;/<" \ cos r + r' nnr , cos . (r— i-' +— n tt + m x\

+ \/— 1 sin r + »' » TT cos ( r
— / +— . n TT + w? a;

J
v

= y/^"
I
cosr + /«7r+ \/— 1 sinr + ?-'

.
«7r i cos W~''' + -o

"'^ + >'«-^
)

,„ ^ ^ , d" sin J7? a:

23. Tojind
dx"

f/''sinma:=-p-^jS=^|(\/-l)V'^^-' - (-\/-l)" e-»*V-i|

so that the quantity under the bracket differs from that in the expression, for

d" cosmx 1.1./ .11—
J-;,

only in having (n-l) m the place of n.

TT d"smma; „ ( ——- ^ /—^ . ,
:, )Hence 7~^ =m" Acosr + r'.n— l'rr+ V — I smr + r . n — 1 ir \

dx"

X cos I r—r' + -^ .n— lTT + ffix]

Cor.
rf" + ^

. sinrnx

dx" + ^

. = m d" cos »M a;

dx"

Ex. If m = l , n= 1

2 5
we get

—. = I cos r 4- 7^ J. a/ — 1 sin i—=
\ COS r + r . —- +V — i- sinr + r^ --\ cos (/— / + -^-; +

c?a;2 I 2 ^j \ ^ z

Now we may give to r and r' any integral positive values we please t

r}=0 gives cos ( — + x\

Let r'=0,J
/Stt

ir= l ... a/^ cos ( ^— + r
j
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r=0 ... V— lcos| —-

—

\- x\

595

— cos

Also cos

r= l

Sir

therefore the four values of
d

dx^
cos X are

=fc cos
I

-^

—

\- x\ , d=z v—1 cos (
—

-j~ + -^

)

and a trial of any other values of r and r' will shew that these are the only re-

sults.

Again
d 5 cos X

d x^
=

I
cosr + / .

-5 + \/— lsinr + /-^ I cos (/_/+—-j
— + X

Let

y= gives cos I V x\

r= 2

/=2lr=\

L-=2

(cos-^ + \/— Isin-g-j cos ^— + a;

j

/ 2-^ ,-—. . 277 \ /Stt \
( cos—^ +V — lsin-Y-1 cos (-g- + a;

j

(cos-^+AZ-lsin-^ j cos (--«- + ^)

( cos-g- + V-lsm—^j cos ( -g- + a; 1

-cos(|- + :.)

/ 2 TT /

—

- . 2 TT \ / TT \
( COS—g— +V-lsm—g- j COS (

—

^ + X
j

_cos(-|l+:.)

f cos-g- + V-lsin—g-j COS (— + x\

d^ cos a;

which are the nine values of
, i •

dx^

They may be written more briefly thus

:

cos(|- + :r), -cos(|+x), -cos(-^+^)

(cos-^dbV^siny^ cos (^ + xj, ^cos^±a/-1 sin-g-j cos (-^ + A

and / cos-g-rfcV-lsin-g-j cos (^-^ + a;j

VOL. XIV. PART II. 5p
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or sin X
,

cos f — + .T

J

— cos ( — ^ + ^
)

- ( COS—±V-lsm-iT jsin.r, ( cos -j^- rfcV - 1 sm —h— j
cos (

-^ + .«;

j ,

{oos~±V^s\n^), cos (-^4-.)

The number of values which r admits of is the same as the denominator of

the fraction which stands as the index of differentiation.

Hence, if J9 be the denominator of the index, both r and r' admit ofp different

values ; and any one value of r may be combined with any one value of r', so that

the number of different differential coefficients is p^.

This result differs from that previously given, M, Liouville having adopted

a very indirect process for obtaining the different values.

24. Tofind the differential coefficients of the other circularfunctions of x.

We have no other process than that of expansion, which, of course, will not

give a complete result. Thus, to find the wth differential coefficient of tan x we

may proceed as follows :

d" tan X rf" sin x nd d"~^ sin x
, ,,

=seca; . „ +-7— sec a; . , ,^, + . . .

a«" dx" dx rfa;"-^

the results of the differentiations being suppUed by the above formulae.

The values of the differential coefficients of the inverse functions must be

determined by a similar process, but it will not be necessary to write them down.

We shall, however, give the differential coefficient of tan ~^ x, as it may be

done in a very simple manner, when n is positive and greater than 1.

Let ^ = tan ~' X.

du 1 1 1

dx l + :t^ l + ^/Zri,a: ' l-V-l.x

^1^ / 1 1 \

2 • Vl + \/^.;r '^l-V'^.x)

d"u_ d"-^ du
d^~d3f-^ ' 'dx

-1. f!ll/J_ 1 \-2d^'\j'^yj

if y= l + ^i:i.a: y= l-\/^.a:

Now, (/y«-i= (\/i:i)«-i d x'^\ {dy'y-^= (- x/^)"-! d ;j;''-i

d"u 1 ^ , c?«-i 1 1 , f/«-i 1

=|(V^)-'
.
(-1)-' .^*i(-V-l)-(-l)-'-^:r
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which may, in certain cases, be reduced by the addition of the quantities

(l-^ITla;)" and (l + ^/"3l a;)" (_!)"-!

or by the subtraction of {—l-s/'^xy from (l-y/^-ixf

.

\in is negative, or positive and less than 1, the above reasoning does not

apply, except in as far as to shew that the result is the expansion of one of the

complete results, if there are many.

Section IV.

—

Expansion of Functions.

25. Our object in this section is the general expansion of a function of ,/+/-!,

by a process analogous to that which constitutes Taylor's theorem.

Let u be any function of sc ;

u' the same function of x + h;

then, if u' be expanded in terms of h, the result will be of the form

2AA»
where A is a function of x.

d" u' d" u'

2 —— . A" = 2 A .
---—

dx" dh"

= 2A/{n + l).h'

adopting the notation of art. 9.

Now, the only term on the left hand side of this equation which contains

h", is that which originally contained this power of h:

„ .
d" u

Call it u, or
dx"

d" H

or A

u' = 1
d" u„ h"

Cor. 1. If the expansion contain no negative powers of Z^, u„ coincides with

u; for if we put /i=0, we obtain u as one side, and Uo as the other side of the

equation.

Cor. 2. Since each coefficient is determined from —-^- independently of its
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connexion with any of the others, it is evident that, when two or more expan-

sions involve the same power of h, we shall obtain all (if any) of them by the

above process.

Consequently, should an expansion involve a power of h, which is also in-

volved in the ordinary expansion of Taylor's theorem, and in no other, we can

at once determine the value of the coefficient, by subtracting from the general

value of the corresponding differential coefficient, that particular value which is

obtained by ordinary differentiation. Should it be demanded to explain how it

happens that the general differential coefficient is different from the ordinary one,

we should find some difficulty in answering the question. We say there would

be considerable difficulty in exj)laining the reason for this difference ; but to shew

how it arises is easy enough, as the examples which follow will evince. In fact,

the particular cases which form the basis of induction are limited as to the num-
ber of their terms, whilst the general form (even when the general symbol has

been replaced by one of the particular numbers on which its existence depends)

is unlimited ; and although a series of the terms may be each zero, it may happen

that, under certain circumstances, results may be deducible from them. Zero

may, in fact, be a divisor of the form in the final state, and thus its appearance

may be chased away.

26. Ex. 1, Let u—x\/x—a : to find the coefficients of hK h^, &c. in the ex-

pansion of u'.

r, ^, o 1
d" uv d" V du d"-^ V

By the formula -j^ = " ^^ + '^^ ^^^ + S^^«-

we get
iW^^^ dW^^a 1^ d-W7^a

^
dx^ dx'- 2 ax-'-

-/(|)4(-ir^^^(.-«)

but /(|-)=(-l)i4^ 1 (v ^^^ = -,os6=-l when ^=0)
\ ^ / -^ smOTT \ sin }

Hence the coefficient of li" in the expansion of w' is x-v\{x~a).

But by actual expansion, we obtain

which completely verifies our operations so far as they go.
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But further,

d'^ x\/x— a d^\/x— a 3 d'^Vx — a
:

= X
; h

dx'' dx- ^ dx'-

TT x — a

Hence, dividing this by/(|) we get as the coefficient of /i* ,
^ \y =1
/(I;

In both cases our results are obviously correct.

Lastly, to obtain the coefficient of —^=r •

d'^'' xVx— a xd^'Wx—a 1 d~iVx—a
X i O • 2

t^.x' - dx * ^ rfa? -

/l 1 1 /I 1

^^
'' /2 sinTT ^ ^ 2 ^ '^ /3 sin2'7r ^ '^

and / (y)
= (-1)-*-^ ^^^7y^

d~^ w 1 irf-r— a) 1 . .

In the same way we might find the values of the other coefficients.

A very natural question to be asked now is this, What is the coefficient of h

or of h^ in this expansion ? Should we proceed to the determination of that coeffi-

cient, we might expect to find zero as the result ; but a little consideration will

convince us that such a conclusion would be ill founded. In fact, we here de-

termine each coefficient independently of its connection with the others, or of its

connection with the actual expansion. Now {x + h) \/x—a^-h may be expanded in

(1 'ijf

terms of positive integral powers of h ; consequently the value of -z- is the coeffi-

cient of h in this expansion, and not in the expansion above, which does not con-

tain such powers of h.

We confess the subject labours under a slight difficulty in one or two points,

to which we shall call attention presently.

Ex. 2. To expand by the theorem.
X— a

d-^ 1

d x~^ 'X— a
=/(0)=(-i)-^ ./o

= (_l)-2/3l(a7_«) = - /(F. (a7-a)= 4-(a;-a)/(0)
dar^ x— a

VOL. XIV. PART II. 5 Q



(jOO PROFESSOR KELLAND ON GENERAL DIFFERENTIATION.

rf-3 1L=(_l)-3/_2(^-fl)2=_-^Gr-a)2

dx"^ x— a

hence the coefficient of h-^ is x^—2x{x—a)-\-{x—af.

The other coefficients may be found in a similar manner. It is remarkable

that our formula gives us not only the correct results, but, further, it gives the

(x + hY
order in which the different parts occur. If we expand -^^—r-^^ in negative

X— it "T €t

powers of h, we get not merely c^ as the coefficient of h~^, but the very terms

.T^-2x{x— a)-{-{x—af.

Let us proceed to find the value of the coefficient of h"

.

1
d
x— a

d x" x— a

d"^— „ d-'-^ . . 2d''
x — a_ or

^ Q 2 J.
^~" 0(0-1) x— a

dx" x— a dx~^ 2 d x"'

^ +2*. 0/(0)-0(a7-«)/(0)
x— a

x— â
+ 2«/(l)-(a;-n)/(l)

..i
xf

and /(I) ^-j^o—

1

^
therefore the coefficient of If is +2x -x-a.

x— a

(x + hf
Now we have two expansions of — . - involving a term not containing

h : we have of course obtained the sum of them by our process of expanding the

term ; consequently that coefficient which we seek is the diiference between this

quantity and the other coefficient, or u.

Therefore, the coefficient of h' in the expansion which involves negative

powers of // is,

\daf ) f(l) ^ ^

To find the coefficient of h\

d^ „ ^ d-^
x— a X^

r.
1 n ^~"

+ 2x-—-_ +0 ., ,^_i
dx'^ {x— aY x— a dx'
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=-^^ + -^+0/(0)
{x-af x-a •' ^ ^

072 2X
+ + 1

601

(x— af x— a

du
+ 1

d X

d^ u du

hence the coefficient required = ^^ .^^ = 1.

In the same way, and with equal facility, we may find the values of the

other coefficients. Should we attempt to find the coefficient of such a power of h
2

as h^ , we shall readily find that —-|- is a finite quantity, but that f (l + ^\
dx^ i ^

\ 3 /

is infinite ; and, therefore, that the coefficient = 0.

27. In Art. 24, we assumed that

1
6?"

-^^
-dr"^

where^=l + ^/-l.,

Should any difficulty be experienced respecting this assumption, it will be

entirely removed by means of the following proposition.

1
To find d-

1

^ ^ {a xY' 1 1 +—^

I

\ ax/

a'^x"'\ ax 1.2 a^ x^ j

1 d"
I

1 m m(m + l) 1 \

^ 1^ {
^~

aa''" + i
"^

1.2 a2^m + 2
~ '^^-

I

d" 1

T^ (1 + a ^)''''

In +m
=— (-!)" {-

fm a;" + ^

»2

o /»« +

+ 1 1 m(m + V) 1 - In + m + 2 „ 1 .

1 ^n + m + i 1.2 a^ /mT2..r" + '" + ^ "

/

m X
-(-lY IT ^ |l-—

.

m (m + 1) 1 (?^ + m + 1) (^ + ??^) _1 ^ )

^ 1,2 ''^' {m + \)m x"
^'

]

w
r



g02 PROFESSOR KELLAND ON GENERAL DIFFERENTIATION.

(n + m)(n + m + l) 1 .

+
172

•^^?~^"-

(^_1)»_
'^ + '^ 1 1

'»^ ]^ \ «+ nt

^(_1)». ^^ + ^ '^'

= a"

1

which is the proposition to be proved.

28. The example given in the last article will furnish us with a ready means

of exemplifying a theorem analogous to that of Maclaurin ; for the coefficient

of <2?~" in the expansion of — in terms of negative powers of x, is, accord-

ing to that theorem, supposing it extended to the case before us : {oc being = 0)

(i+^^ 1 which is equal to

, ., l—n +m a~" 1
, ^

f— n-« ^— .
. —, —- when x=0

f — 1)"~" 1^ ir=
^ ^ P^ (1 + a ^)-" + '« (-!)-» /O

'

-» /:/—n +m a n~
I'm /F

For instance, ifii-^m; since /0^= oo , the coefficient is zero.

Ifn—m, the coefficient is

/O cr^lm

Im /O

If ?i=m + r, it is

r
= a-^'^ + ''' m{m + V) . . . {m + r-V) x -^^

Im /O /O

Now, /T = — 1 l^-i = (-l)"^ fV f^r if r be a whole number : in this case

the coefficient is

, ^y m(n + V) ... (ni + r— l) 1

^ ^ 1.2 ... r ^« + '-'

But if r be a fraction, /^ is finite and / oT infinite, therefore the coefficient

is zero ; results which are all obviously correct. With one more example we

shall conclude the present memoir.
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Ex. To expand ,,

—

in terms of — •

1 , .. ..
/-« + i

(1+^)-
-» + i

Generally .-;^7j= = (-1)-^

therefore, the coefficient of oc~''^ is

IT (-i)-"/o~ /y/o "

Hence, except w is of the form ^, where j9 is some odd number, the coefficient is

zero ; for l-n + \ is finite, and /
o~

infinite. But if n = r + \, the coefficient is

/-r/r + ^ f r + i

/i /o {-iyi.2...r/±

= (-1)

= (-1)

+ (-1)

1 2 ..

,
1.3..5...(2r-l)

2.4.6... 2y

.1.3.5... (2^--l)

\/lT^ ' ' 2.4.6... 2y a;'-+l

+

We now draw the memoir to a conclusion, trusting that it may be deemed

worthy of consideration, as well from the generality and completeness of the

methods exhibited, as from the simplicity with which they are demonstrated.

We could conceive more limited theorems than those which, occupy our last sec-

tion ; but as the subject is as yet little studied, and as no person appears to have

attempted the application of any such theorems hitherto, I hope partial defects

will be excused, and, if possible, remedied by those who enter into the subject.

Edinburgh, December 2. 1839.
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XXIX.

—

On General Differentiation. Part II. By The Rev. P. Kelland, M.A.,

F.E.SS.L.SfE., F.C.P.S., late Fellow of Queens' College, Canfih^idge; Pro-

fessor of Mathematics, SfC. in the University of Edinburgh.

(Read 20th January 1840.)

In a former memoir on this subject, it was my endeavour to exhibit the priu-

ciples of the science of General Differentiation in a simple, at the same time in a

general, point of view. I endeavoured to deduce, from one general formula, re-

sults easy of application in all instances ; and thus to exhibit the unity of the

different parts of the science, and the completeness of its fundamental formulae,

shewing at the same time the facility of their adaptation to particular and varied

cases. With the exception of certain expansions by means of a theorem analo-

gous to the series of Taylor, I gave no application of the principles to problems

of any kind. It is my intention in the present memou* to supply this branch of

the subject, without which, indeed, however interesting may be the details, as a

portion of pure analysis, they will offer little to interest any but those who attach

themselves to the study of analytical combination. We hope, by the exhibition

of a few simple mechanical problems, solved by this process, to give to our sub-

ject an interest in the eyes of all, derived not from its intrinsic beauty, but from

its use as a medium of demonstration. It is well known that considerable diffi-

culty hangs over several very simple inverse mechanical problems ; from the o-e-

nerality of their statement, a direct solution is sometimes impossible by the

ordinary methods. We shall shew that by our process such solutions are attain-

able with the greatest readiness. By this means we hope to give a value to our

subject as a branch of knowledge, independent of that value which it must pos-

sess from its curious and elegant structure.

I must not conclude my introductory observations, without distinctly dis-

claiming the merit of having originally conceived the possibility of applying this

science to mechanics. M. Liouville has not only broached the method, but has

applied it to a number of cases in his first memoir. The theorem by which my
processes are effected is, however, as far as I know, quite new ; and one more

elegant or simple, considering its comprehensive nature, I can scarcely conceive.

But I proceed to its demonstration.
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Theorem.—If (p{6 + a) be an integral positive or negative function of 6 + a;

then vi^ill

We shall be able to obtain an equation in other cases by means of the last equa-

lity but one in our process.

To prove this theorem :

Let /; de(p(e + a)(^z- ey be denoted by P.

Assume d=zy where ;2; is constant

;

d6=zdy

and P=/Jzd'y(f)(yz + a)(z-6y.

Let (p(ys + a) — '2A('yz + a)'^

F=lAz/o dy(yz + a)"'(z~ey

= lAzP^^/,'dy(yz + a)"" {l-—Y

= 2AzP-'^/,'dy(yz + a)"'(l-yy

= 2 A zP+'^/o dy i y^z"' + m 7"^^
. z""-^ a.

Now f;dyy^(ii-yy=JI^J^^
/m+p + 2

by Euler's and Legendre's theorems.

, ( Im + l . z""

P= 2A«P+i/jo + l
{

-
i /m+p + 2

^ m fm z""-^ . a m (m-l) /m-l. z"^^ 0^ \

/m+p + 1 1 .

2

/^Tip^
I

and since m/m = /m + 1

(m~l)m/m— l= fm + l

we get

P= 2AzP^^/p + l/m + l\ ,——-:- +
{ m+p+2lm+p + 2 /m +p + 1

+ . h .
-f.

Im + p 1-2 /?w4-jo— 1 1.2.3
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^ /m+p-

_ / i\-(v+i)
sinmTT /m + 1 . a-'+P

&c. = &c.

sinm+p + lir d-'-P-*'^^ z"'

-^^D^^n^i ^ ^^_^^^^^
sm(m-l)7r _^^^^-+p_

dz-^P*'^^ sin (m+p) IT /m+p + 1

sinmTT /m + 1

sm(m+p + l)'7r mlm+p + 1

P= 2A/^TT|(-1)>'+1—
sinmir rf^-^*"*^^

+ !L
.
(_l)-(P+i)

sin(m+/^ + l)7r ^ ^^^^'
.
^"^^

1 sin wTT rf^-(^+''

+ ^r-7>'<-^)
^-^ — m(in-l)

1.2 sin w TT
^ ^

rf^^-P + 1^

or

+ ... \

1 i. . Ji )

. ) T / -.N.j-i sin(w + o + l)7r </-(p+i)
,

^ Bin mir dz-^*^' ^ '

/ -iN„*i / T sin(»i+jo + l)'7r rf-^^+i'

= (-1)""' IP + 1 . COS (;> + 1) TT ^^,-71^ • (^ + «

if ?» be a whole number, and p a fraction or whole number.

Ex. Let P= X (p{d + a)= e + a

d 6 {Q + a) {z—6) = — + —- by integration

—- (« + «)= -jr—5 + ——- = the same as the other.
dz-^ ' ' 2.3

It must be observed that the integrations are performed separately, as in the

demonstration. The problem which led me to this theorem is that of finding

the law of force by which the particles of a sphere must act on a point, so that

the whole attraction may be the same as though the sphere were collected at its

centre of gravity. Unfortunately the question leads to a general differential

equation, the solution of which we have not as yet been able to effect. Still we

have done all that is requisite in order to exemplify the use of our analysis, by

shewing that this question reduces itself to such an equation : we shall, therefore,

exhibit our process.
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Let C be the centre of a sphere, A the attracted point. AP=r, AC=a,
CAP= 0, CP=?, and the radius of the sphere =R, /(r) the attraction of an unit

at the distance r.

A c

Then the area of an annulus is 2'n-r^sm<f}dr dcp, and its attraction on the

point 2'7rr^drd(psm(pcos(pf(r).

Hence the whole attraction is the following double integral,

where

and

/a +R ftp,
d r . i^f (r) I &m2(p d(f>

„—

R

•-' o

r^ + a^-W

o^R

COS (p, =
2ar

sin^ 0^ = ^ L

Consequently, the whole attraction is

rjT fa + B,

fa + B,
^Try dr.r^f(r) ain^cp,

TT Pa + B, . 2

This result may be easily reduced to the same form as the first side of the
equation which constitutes our theorem, as follows.

Let

therefore attraction

=^J^^ d6.f{a-^+6)
{
4«2(a + R-2R-0)2

=r- 2 X

-(a + R-2R-^| +a2_R2)2 |

TT /"2R ^ ^ ,

^T^J ^^/(«-I^ + ^) {4a2(a + R)2_8fl2(a + R).2R_a

+ 4 a^ (2 R- ^)2_ 4 a2 (« + R)2_ 4 ^:^^ , 2R3;g'

-

2R:I^'

+ 8a(« + R)2(2R-d)-4a(« + R)(2R-a)^ + 4^+R.2R:ra'}
VOL. XIV. PART II. 5 S
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=-^P^def{a-'R+d) {
+(8a^rTR-8a2)(« + R)(2R-0)

-(2R-ey
]

=^n^dd/(a-'R + e) {8aR(a + R)(2R-^)

-4(fl2 + 3«R + R^)(2R-^)2 + 4(« + R)(2R-^)3-(2R-0y
}

To exemplify our formula, let us suppose it applied to this proposition ; then

have we, whole force of attraction

-8(a^ + 3aR + R0 -^« /(« + «)

d-^ „, ... d
+ 24(a + R) ^/(. + «)-24^/(^ + a)

}
.

Now, if /(2f 4- a) = ^ + a, or the force varies as the distance

d~^f{z-\-a) _ z^ az'

77^^ ~'¥73"'^T72

d-'^f{z + a) _ z^ a,

dz-"" 2.3.4 2.3

d-^f{z + a) _ ^ +
dz-^ 2.3.4.5 2.3.4

d-^f{z + a) _ z"" az'

dz-" 2.3.4.5.6 2.3.4.5

and ^ = 2R, a = «-R,

hence we get \^'hole attraction

=Jl_/8aR(a + R)(i^ + (a-R)2R^)

-8(a= + 3aR + R0(|-R' + ^^^. I^R')

+ 24(« + R) (^R^ + 7^^ . -| R^)

= ^|l6aR(« + R) (flR^-^)

_^ (a^ + 3 a R + R^ (2 a W-B,')
o

+ 16(«R^--|-R^)(a + R)-f «R^ + f|R'^}
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-^ (l6a' R^-4r «'R' + 16 a' R^
4a^ [ 3

QO -I a oo
-':y a^ R^ + =^ «^ R' -32 a' R' + 16 « R^-':^ « R*

o o o

+ ^R'^ + 16a^R^- ^aR^+ 16aR='-^R'
o 5 5

o 15 }

^ / 16 ,^ 32 48 ,„ 32\ ^,

/ 48 16 64\ ^A

''' 16 3T,3

4 a' 3

4= — TT R' . a
o

= mass multiplied by distance of centre of gravity of the sphere

ii'om the point.

This result is obviously correct.

It will be remarked, that all we have effected by means of our process, is the

transformation of a definite integral into an indefinite one. This transformation

is, however, of the utmost importance as a general fact, although we make little

of it in the present instance.

Next, let the force of attraction be that of the inverse square of the distance,

then shall we have to find the integrals of , .^

^ , 1 1
Now, d-^

d-
1

and

d

d-^

1 / \ r^ +a— a= -zlogiz +a)+J^-^-d.

= — (z + a)\og (z + a) + z

,
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^;=^ (^T^^-- U + -2^+^)^«^(^ + «) + l2--^-4-

1

5 a 2^ 0^ z

12 6

Which results being substituted in the general formula for the attraction, give

attraction =-^ j
- 8 « R (a + R) log (« + R)

+ 8(a' + 3aR + R0 (a + Rloga + R-2R)

(a + R)/'^±5: logo + R-3R^-a-RR\

+24(^ logaTR-f R'-l g-^RB^- «-»
•
R|

= ^|r(8a^ + 16aR + 8R0 (a + R)-8 (a + R^ "1 x log (a + R)

-16R(«' + 3aR + R5)+24(a + R)(aR + 2R^)

_^R3_24aR^-8a^R I

TT
|-16a^R-48aR^-16R' + 24a^R

4«^

R2 4- 24 « R.2 -^ 4S R.s

3
+ 48aR^ + 24aR^ + 48R'-5R'-24aR^-8a^R I

=^{K3>1
80>

47rR^

d



PROFESSOR KELLAND ON GENERAL DIFFERENTIATION. gj]

We cannot expect, in our present state of knowledge of the subject, to de-

termine any converse propositions in so general a case as that of the sphere ; but

as a more simple example will equally illustrate the importance of our formula,

we shall give one.

A homogeneous rod of small thickness attracts a point without itself : it is

required to find the law of attraction, so that the whole force may vary as the

n^^ power of the reciprocal of the distance of the rod from the point.

Let a be the distance of the point from the nearest point in the rod ;

r, r + d r, co-ordinates of two points in the rod

;

q the distance of the point whose ordinate is r from the attracted point

:

Then, if /(?) be the law of attraction, we obtain whole attraction

U a

Now Q^= a^ + r^ .-. dr——^—

^

Vg'-d

and attraction = / / „
^' -̂

-Jl c^

~T 7=0

.a. ^^dgfig)f

d.l

dg_
^-dgf{g)g'

V n2 /i2«" f

Now let ^= e
,
^=z, gV(g) = (P (6)

1 r dScbie)
therefore attraction ^-k I T7"tr^~

'

Hence this form coincides with that in our theorem, and we get

(-1)* /- sin(/w + l)7r d-^ct> {z)

attraction = 9 \ — • ^;: —h-^

But, according to hypothesis, the attraction must vary as a~".

Let it be equal to P«r» =— = P^^

hence (-l)Wi_ sm(m+J)7r d~:L\l^=Y^^
2 sin m tt ^i

g—

2
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»

and, (-l)i ^ _
sin(m + l)'7r

. ..j, rf^ z^
^ ^ 2 sinrnTT

^^^ ^^i

In-, . n

V+2.
I . n—i-l

Sin —IT— "TT

n—

1

(p (s) a«

... (J-^ =J_

or ?7(?)=-^

Cor. 1. If n=l ,/(g) =— ; the law of nature.

Cor. 2. If n=0
, f(Q)= — , or the law of force, which must hold, in order

that an indefinite bar may produce the same effect on points at all distances, is

that of the reciprocal of the distance.
«—

1

fi 2
Cor. 3. If 0(0)=z 2 . we have, by writing —^ for m,

,
sin^TT '±± , /- +1 sin^ „_i

(-.1)*^-^^ ^ ' =(-!)' p • 4fi ^-^-"^
^ Sm —jr— TT / W

, 1_ sin —;r— TT
^

' 2 ''" 2
"^

V TT ' 2" + 2
or P=

/f
1

fn T

If w be odd, this gives

n— 1 »—

3

M

—

n—

2

V'''" 2 ' 2 " 2
/r

p=
?i M—

2

n—»—

I

a22 22
2 (y^-l)(OT-3) ... 2 a/tt

2 w (n—2) ... 1 -v/tt

1.2.3 ... n

(1.3.5 ..

'

7i be even, we obtain

n—1 w—

3

n—n— 1 jl

p VTT 2 2

2 ' " "—

^

2 ' 2

•••
2 '2

... - 1^
2 '
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_^ 1.3 (n-l)
~ 2 2.4.6... n

^ TT 1.2 ... n
~'2

(2.4 ... nj

1 c

Cor. 4. If the force of attraction a log — : let it equal log — ;

a'

.. ^^.;... ^^^

1
a

• •

'^CO'^'

and ^(pO"^
or ?^/(?) ^ ?

A9)^j'

di
logC^

We have written down this case because at the first sight it appears anoma-

lous. We know indeed that, when the force of attraction is constant, log . — en-
a

ters into the expression for the whole force ; but we must remember that this

force is infinite, so that it does not in reality vary as log .
—

. But, in addition

to this, we found above that, when the force of attraction varies inversely as the

distance, the attraction on a point is constant. But the anomaly is easily ex-

plained when we reflect that the differential coefficient of a constant to the index

— is of the same form as that of the logarithm of z ; and further, that the actual

value of the attraction is expressed in the form of a circular function, viz.

/^cos-^—) , which is equivalent to V^-l log (a + J—^ - 1
j , a quantity which,

when ^ is 00 , varies as log a.

Let us now pass on to the more ordinary problem of determining the law of

attraction, by which the whole attraction of an infinite plane on a point without

it, may vary inversely as the n^^ power of the distance. Retaining the previous

notation

:

attraction = 2 tt / rdrf{g) —u q

= 27r/ af{g)dQ
'J a

= 2'rraf^f{§)dQ
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1

1

-^ira ['* dQd>{e)
'Jo

if {&) =/(^) p2, and = — ; therefore also z = — .

By applying the formula, this gives

dz-^

p
But, according to the hypothesis, the attraction equals —^ :

^ d-^ (h (z)
27ra r_L£_

I

dz a"

d_

dz
or -^P^"+i= 27r0(;£)

p
0(^)= 9^(^ + 1)^"

Z TT

or (i( — )=-— (w + 1)—

•^^^^
2-77 >«+2 •

Cor. If «=0, /(p)=:--j the law of nature: hence an infinite plane attracts

all points equally, provided they are not in its mass.

From this corollary, it appears that, if a particle of the infinite ether which

pervades space (in equilibrium) be moved from its position, the only series of

particles by which it will be affected, is that which lies in that plane perpendicular

to its line of motion which passes through its position of rest.

Let us next solve a few of the more simple inverse problems of Mechanics.

We desire to confine our attention to the more simple, from a wish not to intro-

duce any formula other than that which commences our memoir ; and likewise,

from a fear of otherwise distracting the attention which we desire to draw to the

subject of differentiation itself.

Prob. 1. To find the curve which synchronizes all straight lines drawn

through the origin of motion.
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Let the line itself be called a;; ^ the angle which it makes with the vertical

;

(/ the force of gravity ; then, by the ordinary formula

:

Time = f, ^ ^ ;J V Zg X cos V

the limits of the integral being oc=^ and x^z, where z is the distance from the

origin of motion to the synchronizing curve.

Hence, by our formula,

Time = / dx x-^ . ,
r

Jo V 2^ COS a

d-^ 1

2Jz

\/2g cos 6

Z OC COS Q

constant

and the synchronizing curve is the circle.

We can solve this problem by another process, which beautifully illustrates

our formula.

Let the origin of measure be the lowest point of the line ; then the expression

for the time is

7f^z dx r^ dx f X ,—==^==— cc / [z— xY^
\/2g{z— x)(io»6 Jo V cosO

Hence p in the formula is -^' ^iid (a; + «) = ,—

g

X
dx , , , d^'^

[z— xY^ a
\/cos 6 dz ^- a/cos 6

zi

Vcos 6

which being constant by hypothesis s a cos as before.

Prob. 2. To find the tautochronous curve when a body descends by the ac-

tion of gravity. Retaining the notation of the last problem, measuring from the

lowest point,

d s ,— ax
dxpz dx

~Jo \/2g{z-x)

Now, by the conditions of the problem, this is to be the independent of z.

ds
Let, therefore, -j^ = («)

and t =
Jo \/2g

(p (x) dx

\/2g Vz— x

VOL. XIV. PART II. 5 U
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d

'-—- (h (z\ = a, o.n

d
—J- (s) = a const.

= A suppose

;

d-'

and 4> (z) — -5—7- A
'

^ dz^

or
d s _ A
dx \/«

the differential equation to the cycloid.

Lest any difficulty should be felt in this example from the value of A being

apparently zero, we think it advisable to write down the full value, which we can

easily do by retracing our steps :

^= -^ (-1)^ /—_sin07r . _^ ^M

since m— —^ p = -^•.

hence, if a be the constant time, we get

.,. \/2g -1. rfi

^TV—l sinOTT dz^

_ V2(/ —1 sinOvr s a

_ \/'2(/ a

ds _ f^'2 a a
Hence -^ — • -^ a result which coincides with that obtained by the

ordinary process of expansion.

The facihty which this process affords in the solution of the more simple

converse problems of Geometry is very evident. The following examples will

sufficiently illustrate this remark.

Ex. 1. To find a curve such, that the area varies as the ?^*^ power of the

abscissa. The general expression for the area of any curve is J' y dx.

Hence, if ^= {x) be the equation to the curve, and P 2" the function ac-

cording to which the area is to vary, we shall have

/ ydx= P.s"
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but
X-^'^"'"^'^^"^

0(^)=P,
dz'

or (p (z) — nP z"-'

hence ^ = («) = « P . x"-' is the equation to the curve.

Ex. 2. To find a curve such that the area shall vary as the logarithm of the

abscissa.

In this case, we must suppose the origin to be at a distance from the place

at which the area commences, in order to prevent the appearance of go in the

operations.

Let, therefore, y = (j)(x + a) be the equation to the curve, the limits of integi-a-

tion being x=() x—z,

then
J^^~

(p(x + a) dx — P . log z by the question

d~^
or -—^(p{z+a)=^P.\ogZ

(pi^ + cc) = -^P.logZ

JP
z

p
or j/ = —

X

xy = P

which is the equation to the hyperbola-

Ex. 3. To find a curve such that the volume of the solid generated by its re-

volution round the axis of x shall be a certain function of oo.

Let f=(p(x) be its equation

;

volume ^TT
fj' <p (x) d

X

./' (x) being the given function of x.

'TT dz

is the equation required.

Cor. If /(^ = Pz"

1 ,

j/=-7— V»P.««-i

/ 7lP !t±=V .Z 2

TT



018 PROFESSOR KELLAND ON GENERAL DIFFERENTIATION.

Ex. 4. A curve is described having a line of given lengtti as its axis. From

the further extremity of the line is described a reversed parabola, having a com-

mon axis with that of the curve. A third curve is then described, whose ordi-

nate is a mean proportional between the ordinates of the former cm*ves, and such

that the volume of the solid described by it between the limits of the line in ques-

tion is a certain given function of the length of the line : Required the equations

to the two curves ?

Let t/=z(f)(x) be the equation to the first mentioned curve

;

z the length of the line, which is made the axis of a; ;

/{z) the function of z according to which the volume of the solid swept out

by the last curve varies.

Then f=\/m{z—x). (px is the equation to this curve ; m being the latits rectum

of the parabola.

Therefore tt V^y* dz Vz—xcf) (x) is the value of the volume of the sohd swept

out ; so that nr Vmf" d x Vz-xcp («) = /(«) by the question ;

"^ "^ ^ 2 sm?«7r dz ^

A being some constant.

d^-

And consequently 9 (a;) =A -—Tfix) is the equation to the first curve.
dz^

The second is immediatelv deducible from it.

Cor. 1. Let /(2)=-"

-—^/{x)=Gx''-i
dx^

and (p {x) oc a;"-t .

Cor. 2. If n= 2 (p (x) o: x^-

.

In this case both the curves are parabolas, and the volume of the sohd varies

as the area of a circle, whose diameter is the given line.

I shall now conclude the series of examples. It was originally my intention

to have exemplified the theorem of expansion given in my preceding memoir

;

but, on consideration, I deem it advisable to confine the present series to the

illustration of the theorem which forms the commencement of the paper. I

hope at some future period, should no one render it unnecessary, to return to

this subject ; and look in the mean time for the fruit which shall be produced by

a more extended culture of the science.

Edinburgh, January/ 20. 1840.
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XXX.

—

On Sulphuret of Cadmium, or Greenockite, a new Mineral. By Arthur

CoNNELL, Esq., F. R. S. E.

(Read 16th March 1840.)

This mineral is found embedded in small crystals in prehnite, at Bishop-

town, in Renfrewshire. It had been long supposed by mineralogists to be a va-

riety of zinc-blende ; but it was first distinguished from that mineral by Lord

Greenock, who communicated his opinion to Professor Jameson ; and two small

crystals, together less than a grain in weight, were sent to me for chemical exa-

mination by the latter, who concurred in the supposition that it was a new mi-

neral.

The crystals sent appeared to be six-sided pyramids, having the faces trans-

versely streaked. Their colour was wine-yellow. Fracture, conchoidal. Lustre,

shining or splendent, and vitreous. Hardness about that of calcareous spar;

streak orange-red ; semitransparent.

A small fragment heated in a glass-tube acquired a beautiful deep carmine-

red colour, and on cooling recovered its yellow tint. At a red heat it did not fuse

nor volatilize. These reactions at once distinguished the mineral from the native

sulphurets of arsenic, to which it bore some external resemblance. In an open

glass-tube, the appearances were exactly the same, even when urged by the blow-

pipe ; it became as before deep red, and on cooling recovered its yellow colour,

retaining its lustre and transparency. When a somewhat larger fragment was

heated in a glass-tube, it decrepitated violently before assuming the red tint, but

no evolution of vapour was observed ; and when the particles into which it se-

parated were collected together into one place, and heated till almost black over

a spirit-lamp, and then shifted into a different part of the tube, every depth of

tint of red was observed according to the temperature.

In powder it was readily soluble in muriatic acid, by the aid of heat, ex-

haling a strong smeU of sulphuretted hydrogen. Carbonate of soda caused a

white precipitate, dissolved by ammonia. The muriatic solution by evaporation

afforded a white prismatic crystallization, not deliquescing in an ordinary atmo-

sphere. This character distinguished the mineral from zinc-blende, with which

the previous reactions had closely corresponded, and suggested the idea that it

might be sulphuret of cadmium, a supposition farther strengthened by finding the

VOL. XIV. PART II. 5 X



5*20 MR CONN ELL ON SULPHURET OF CADMIUM.

above-mentioned change of colour by heat described by Berzelius as a character

of the artificial sulphuret of cadmium. It was next found that the precipitates

caused by potash and by carbonate of ammonia were not dissolved by excess of

the precipitants. These reactions all tended to confirm the above idea of the na-

ture of the contained metal ; but what left the matter no longer doubtful, when

taken in conjunction with the above-mentioned characters, was observing that a

muriatic solution with excess of acid, gave a fine yellow precipitate, with a cur-

rent of sulphuretted hydrogen, exactly similar to that obtained by the same

means from a similar solution of metallic cadmium. When a precipitate was no

longer caused by the current of sulphuretted hydrogen, and the solution of the

mineral was then neutralized by ammonia, a few dark flocks fell of sulphuret of

iron. Through the neutralized liquid a fresh current of sulphuretted hydrogen

was passed, but no farther precipitation ensued, shewing the absence of zinc, a

conclusion farther confirmed by finding that the excess of potash and of carbo-

nate of ammonia, used as precipitants, took up nothing.

The muriatic solution of the mineral gave a yellow precipitate with hydro-

sulphuret of ammonia, and white precipitates with prussiate of potash, oxalate

of ammonia, and phosphate of soda ; and no precipitate with sulphuric acid.

A piece of zinc threw down reduced metal as a grey ramification.

These various reactions left no doubt that the mineral under examination

was sulphuret of cadmium ; that it contained no sensible admixture of zinc ; and

that the only impurity which could be detected was a slight trace of iron. The

different observations were farther confirmed by comparative trials made on a

solution of metallic cadmium. It was therefore quite evident that the mineral

was not only a new one, but one of much interest, since, so far as I know, no

separate ore of cadmium had ever before been discovered ; that metal having hi-

therto been found merely as a constituent, or more probably as an admixture, in

certain ores of zinc, to the extent of a few per cents.

The materials sent to me by Professor Jameson gave no farther means of

prosecuting the examination of the mineral, either chemically or in relation to

specific gravity ; but by the kindness of Lord Greenock, I was furnished for

these purposes with the largest, although not the most perfectly formed, crystal

which I have yet had an opportunity of seeing. His Lordship has also lately ob-

tained one very finely crystallized specimen, although not of a large size, which

is evidently a six-sided pyramid, without any transverse streaking of the faces,

and terminating in a short six-sided prism ; but as the crystalline form of the

mineral is under investigation by Professor Jameson, and there are some mo-

difications which will require a careful examination, I wish to say nothing far-

ther on the subject of its crystallization, except as respects the particular crystal

analyzed.
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This large crystal was a somewhat imperfectly formed six-sided pyramid,

one of the faces of the pyramid being apparently obliterated by the extension of

the two contiguous ; the faces being transversely streaked, and with traces also

of a six-sided prism. It possessed a slightly reddish yellow colour, and consi-

derable transparency, except in one or two small points, which were dark coloured

and opaque. Its streak was orange-red as that of the others. When detached it

weighed 3.68 grains. Suspended in distilled water by a fine hair, it lost .76 of a

grain, giving its specific gravity as 4.842 at 60° F. ; which thus considerably ex-

ceeds the specific gravity of zinc-blende. I then detached from it the darker

and opaque particles, and substituted for them a small quantity of yellow and

transparent portions from another crystallized specimen, also given me by Lord

Greenock.

3.71 grains thus selected were reduced to somewhat coarse powder, and

fuming nitric acid was poured on them, drop by drop, in a deep flask. The action

was violent, and attended by a copious evolution of red fumes, but not the least

smell of sulphuretted hydrogen was observed. An excess of nitric acid was

then added, and the whole digested till all the sulphur which had separated

was dissolved. Water was then added, and the sulphuric acid thrown down

by muriate of barytes. The sulphate of bar3rtes, after being well washed with

hot water, was dried and ignited, and weighed 6.07 grains, equivalent to .837 of

sulphur.

The excess of barytes was then removed from the liquid, after concentration

by heat, by sulphuric acid. After again concentrating, carbonate of ammonia

was added in excess. The carbonate of cadmium was separated by filtration,

and well washed, dried, and ignited. The oxide of cadmium thus obtained had

an ochre-yellow colour, and weighed 3.28 grains, equivalent to 2.868 of cadmium.

A little of it dissolved in muriatic acid, was enthely taken up by excess of am-

monia.

The filtered liquid was then evaporated by heat, but no precipitation had

taken place when all smeU of carbonate of ammonia had disappeared ; thereby

confirming the previous observations as to the absence of zinc. The evaporation

was carried to dr3Tiess, and the ammoniacal salt driven off by heat. A residue

of .04 remained, of a reddish-white colour, which, in so far as its small quantity

permitted examination, was found to be, in part at least, a subsulphate of iron,

insoluble in water, and scarce soluble even in acids till previously boiled with

potash ; but as the proportion of its constituents could not be determined on so

little material, the iron could not be computed in any other way than by stating

it as a trace in the mineral, its amount, on any view, being very small ; and if

more than such, this was not the stage of the analysis in which it ought to have

been obtained.
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We have thus, in the 3.71 grains of the mineral under analysis.

Sulphur, 837 22.66

Cadmium, 2,868 77.30

Iron, traces,

3.705 99.86

which agrees completely with the theoretical composition of

1 atom Sulphur, 201.16 22.40

1 atom Cadmium, 696.76 77.59

897.92 99.99

The mineral is thus a protosulphuret of cadmium, and its formula Cd S.

It is thus evidently, both physically and chemically, a perfectly well charac-

terized and distinct species. The mineral which it ranks nearest in the system

is zinc-blende, but from this it differs essentially, not only in its chemical

nature, but in its external characters, such as specific gravit}^ and form of

crystallization. I believe a ready mode of distinguishing it from the transparent

yellow blende, which it resembles a good deal, and with which it was long con-

founded, is afforded by the streak, that of the latter being white, whilst that of

sulphuret of cadmium is orange-red. The property of becoming red by heat, and

returning to yellow on cooling, is possessed in a slight degree by yellow zinc-

blende ; but the colour which this latter mineral acquires is not carmine, but a

sombre rose tint, and never becomes very deep ; and by a repetition of the heat-

ing process, when carried to redness, it gradually loses the property altogether,

along with its transparency ; whereas the sulphuret of cadmium may be ignited

as often as thought proper, without losing the property or its transparency.

This quality, to the extent in which zinc-blende possesses it, does not appear to

depend in that mineral on the presence of cadmium, for I was unable to detect

that metal in a crystallized and transparent yellow zinc-blende from the Hartz,

belonging to Mr Rose of this city, which acquired a rose tint by heat ; and it is

scarce necessary to say, that the quality is not possessed by the artificial white

sulphuret of zinc thrown down by sulphuretted hydrogen. It therefore appears

to depend, in zinc-blende, on the arrangement of particles in crystallization

;

whilst, in sulphuret of cadmium, it is an inherent quality of the substance, being

possessed in perfection by the artificial sulphuret of cadmium, got by sulphuretted

hydrogen.

The reactions before the blowpipe may also serve to distinguish the two

minerals. It is difficult to act on sulphuret of cadmium, per se, from its decre-

pitating property ; but when this can be accomplished on charcoal, the usual

yellowish-red ring, arising from the oxidation of sublimated cadmium, is formed

around the fragment. When mixed with soda, and acted on, on charcoal, this
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ring continues to be formed to the last, whilst, with zinc-blende and soda, a white

ring is formed ; and in those zinc-blendes which contain a little cadmium, the red

ring, according to Berzelius, is formed at first only, and is succeeded by the

white sublimate of zinc. With borax, the sulphuret of cadmium gives a trans-

parent yellow glass.

I was extremely happy to find, that the idea had occurred to Professor

Jameson, which was early suggested to myself, that the mineralogical name of

this substance should be derived from that of the distinguished nobleman who
first observed it ; and it is satisfactory to think, that the beauty of this mineral,

and its interesting nature and properties, render it not altogether unworthy of

being associated with Lord Greenock's name. I cordially concur in the name of

Greenockite, which has been already proposed for it by Professor Jameson.

It is already known that the artificial sulphuret of cadmium may be used as

a pigment. This will also apply to the native, if it could be got in suflBcient

quantity. I have had some experiments made on a minute scale with this view,

with the finely ground powder of the mineral, used as a water colour. Its tint is

an orange-yeUow, differing firom that of any of the ordinary yellow pigments.

Mixed with blue it gives a green.

Since the above paper was read, Mr Nicol has informed me that he has sa-

tisfied himself that Greenockite possesses the property of depolarizing light.

Professor Forbes has also obtained distinct proof of the same fact ; and has far-

ther observed a curious effect of dichroism by polarized light, which does not

take place with common. These observations lead to the same conclusion which

its apparent crystalline form suggested, that the mineral does not belong to the

tessular system. But farther investigation is probably necessary to determine

whether the form belongs to the rhombohedral system, as the fine crystal already

referred to would seem to indicate, or to the prismatic, as the observations of Mr
Brooke, published by Professor Jameson (Ed. Phil. Joum.) since this paper was

read, would appear to suggest.
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—

Solution of a Functional Equation, with its Application to the Parallelo-

gram of Forces, and to Curves of Equilih^ation. By William Wallace,

LL.D., F.R.S.E., F.R.A.S., M. Camh. Phil S., Hon. M. Inst. Civ. Engin.,

Emeritus Professor ofMathematics in the University of Edinburgh.

(Read 2d December 1839.)

Article 1. The introduction of the notion of 2,function of a variable quantity

into the mathematics, without any regard to its particular form, has given vast

extension to the science, and been the germ of some of its most important theo-

ries. The doctrine of curve lines, no doubt, produced that of functions, for the

former may be made the visible expression of the latter : thus, either of the co-

ordinates of a curve being taken as the representation of the variable, the other

co-ordinate is 2,function of the variable ; so also are the arc of the curve, and its

area. Indeed, in contemplating functions, and discussing their properties, it is

convenient to substitute in our reasonings the geometrical representation for the

abstract notion of the function.

2. In addition to the aid which geometry gives us in forming distinct notions

of the relations of functions, the notation of modern analysis affords farther as-

sistance in discussing their properties. In our Trigonometrical Tables, the co-

sine, sine, tangent, &c., are all regarded as functions of the angle ; and the calcu-

lus of sines is, in fact a creation of the mind, called into existence by the power

of a few abbreviations of the words sine, cosine, ^c, which, as symbols, serve in

our processes of reasoning to represent the things they signify.

3. From the notion of a function, which we acquire from geometrical exten-

sion, combined with the use of the arbitrary symbols of analysis, we learn that it

presents to the mind two distinct objects ; namely, its form, and its properties :

for example, the function log x, that is the logarithm of a number x, may be re-

presented geometrically by the ordinates of a curve ; also, by spaces between a

hyperbola and its asymptote ; these ordinates and spaces have certain relations

to each other, which are the properties of thefunction. Among its analjrtical pro-

perties there is this one,

log a; + log^= log (a;^) ,

which is deducible from this definition of the function, that it is the exponent of
the power ofsome given number^ which number being raised to that power., pro-

duces X.

VOL. XIV. PART II. 5 Z
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4. There being a necessary connection between the form of a function and

its properties, by which, from the former, we may deduce the latter, it follows

that, reversely, when the properties of a function are known, we may from these

deduce its form.

Hence it appears that, relatively to the form and properties of a function,

there may be a direct and an invei^se theory ; by the one, the properties are de-

duced from the form : and by the other, the form from the properties. These will

be analogous to other reverse theories ; as involution and evolution, or the direct

and inverse methods of fluxions, &c. But here again it happens, as in the theo-

ries just mentioned, that the difficulties to be encountered in the inverse are

greater than those presented in the direct theory.

5. Let us take as an example the function y=\ogx; from this, by the defini-

tion of a logarithm, x=a}', a being a given number ; we have similarly y=loga^,

and af=ay' ; hence, xaf=a}' . ay'=a^^y' , and y +y=log (xxf) ; that is,

\ogx + \ogxf= \og{xx') . (1)

Here we have easily deduced a property of the function from its form.

The reverse problem requires that we find a function of a; whose form is un-

known, and which, being expressed by the sjmbol/"(«), has this property.

/(x) + f{^)=f(x^). (2)

But the algebraic analysis that so readily applied to the former problem, does not

so easily apply to the latter. This last equation (2), in which the form of the

function/ (^) is unknown, is called a,functional equation ; and it is resolved, when

the equation (1) has by a legitimate process been deduced from it.

6. In physical inquiries, functional equations may occur, by the solution of

which the physical laws and then* consequences may be discovered. I propose

in this memoir to give two examples of such an application of this theory, to

the doctrine of statics. In the first I shall deduce the known law of the equili-

brium of three pressures applied at a point from a functional equation ; and, in

the second, from the same equation, investigate some elegant properties of curves

of equilibration, which are applicable to the construction of bridges.

7. Let cc denote a variable quantity, and/(^) a function of the variable ; also

let x^ and x^ denote two values of a;, which are entirely independent of each

other, and c a constant quantity. Let us suppose the function /{x) to be such

as satisfies this equation,

/(x:).f(x:) = c[f(x^ + x,)+f{x^-x,)} ... A

It is proposed to determine all the possible forms of the function.

8. There is a very simple property of a function, from which I propose to

deduce the solution. It is this

:

The partial differential coefficient of a function which is the sum of two inde-
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pendent variables, is the ve7y samefunction, whichever of the two be reckoned varia-

ble, the other continuing constant. That is, supposing x^ and x, to be independent

variables, and y any function of x^ + x, represented by/(^, + x), then

This property, which is sufftciently known, may be exemphfied by a particular

case. Suppose y^{x^ + x;f, then, making x^ variable, and x, constant,

and making x^ variable, and x^ constant,

ax,

9. Applying now this property to the functional equation (A) ; making x^ va-

riable, and X, constant, we have

Again, differentiating the same function, and making x^ constant, we have

-^-^f{^o)^cf{x^ + x)-cf'{x^-x),
dx

dx?
7W=C/"(^o + ^.)+c/"(^o-*.) .

Now the right hand side of the second differential equation being the same on

either hypothesis, we have

and, putting y^ for/(^J, and y, for/ (,27,),

d^yo }_^ d'y, 1_

<?«' Vo dxf y,

The two sides of this equation are functions of the same form, the one of x^ and

the other of x^ , and, by hypothesis, these quantities are independent of each

other ; therefore, each must necessarily be equal to some constant quantity, which

is the same for both : so that we have

d^y 1
,

° • — = a constant

;

dx\ y^

and, in general, denoting/(a?) by y,

d^y \ , ,—~
. —= a constant.

dxr y
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10. We may consider this differential equation, and the functional equation

/(*o)/(*.)= c {f{x^ + x) + fix,- x) }

as the representatives of each other, so that if x and y be co-ordinates of a curve,

the functional equation will express a property of that curve. Now, considering

?/ as a function of x, the function and its variable may either increase together,

or else y may decrease while x increases : therefore, it may be, that the function

which satisfies the equation (A) will have different forms ; for if y decrease while x
/J 'ij

increases, the differential coeflBcient -r- will be negative ; if, however, y and x

increase together, then it wiU be positive.

11. Let us first consider the case in which y decreases while x increases. The

differential equation to be resolved may then be expressed thus, (putting & for a

constant),
d^y 1 1

dx^ y ,3.

^m =__ydx .

and, multiplying both sides by -j
iX

dy
dx \dx I c-

and taking the integi-als.

( dx) (?

dv
Now, -f- expresses the tangent of the angle which a line touching the

curve makes with the axes to which ^/ is a perpendicular ordinate : and since

— manifestly cannot exceed h, therefore y must have a maximum value, which

d y
must satisfy the equation -^ = 0, and putting a for that maximum value of y,

we have 6--^=0: and ^--t-> therefore, \-j^)~—^i—

'

dy

and
dx _ dy _ a

from this, by integration, we get

We may assume that, when ?/ is a maximum, and =a, then x—^\ therefore

cosa= l, andsina= 0.
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Now, T"""(""""^)'
X ( ^\ • ( ^\

and cos— = cos a cos I a
J
+ sin a sm I a 1:

X y
that IS, cos—=—

.

' c a

Hence it appears, that one form of the function y is

X
!/=f{^) = «cos —

:

here a is the value of. f{x) when x=0, and c is an arbitrary constant.

12. The second case of the differential equation, in which x and ^/ increase

together, is this,

—^ -=-5- or -'' -^^ -^<^)d^ y (? \ dx

)

<?

d u
hence, as before, multiplying both sides by -/-

, and integrating, we get

m-^--
Let a be the value of ^ when it is the least possible ; this must satisfy the equation

-^ = ; and we have
dx '

_-ft = 0, or b=-^

we may assume, as before, that a is the value of ?/ when ai=0: we have now
(dyy_ y^-a'

\dx) c2 '

and
dx __ dy

To integrate this equation, let us assume that

then dy = — ll -\ du = -^ . —^—du\
2

a u'— l

u

and by substitution in the diflPerential equation,

dy 1 u^— \ 2 u , du
^(y—a^) 2 u^ a w— X u

therefore —=— , and — = log m + log 6.

VOL. XIV. PART XL 6 A



Q30 ^'^ WALLACE ON A FUNCTIONAL EQUATION.

Now, when x=0, then ^= a, and since ^=^N +— j, therefore u+ — = 2,

and m' + 2 + -^ = 4, and «'— 2 + —- = 0, and u = 0; hence u' = 1, and

2 log M = 0, and log b = 0. On the whole,

^ = Iog«;

- 1 -i
and w = e% and — = « '

,

u

and 3/ = y (- + ^) = |{^^-e-^},

here « is the value of p when x=0, and g is the base of Neper's system of lo-

garithms.

13. We have now found that the functional equation

/ W/(^.) = C {/(x^ + x,) +f(x-x) }

may be satisfied in two ways, viz. by making

X
/(x) = a cos— : (1)

or /(:r) = -|{.^+.-^}. (2)

I 1
If we make e' = 7\ that is, — = Nep. logr, the second function may also

be expressed thus,

/(:.)=«{,- + ,-}: (2)
2

thus our problem (Art. 7) is completely resolved.

APPLICATIONS OF THE FUNCTIONAL EQUATION.

I. TO THE FUNDAMENTAL THEOREM IN STATICS.

14. The foundation of Statics is the theorem implied in the expression, The

Parallelogram ofForces. This proposition, which in substance is due to Stevinus,

has been proved in three different ways.

(1.) B}'^ the principle of virtual velocities, which is the foundation of Dyna-

mics.

(2.) More legitimately from the Theory of the Lever, first established by

Archimedes.

(3.) By means of a few axioms of Statics, as simple and self-evident as those

of Geometry.

This last way of treating the subject was first given by Daniel Bernouilli, in
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the first volume of the Petersburgh Commentaries : his demonstration was after-

wards improved by D'Alembert in the first and sixth volumes of his Opuscules.

It has also been adopted by late writers, and, in particular, by Poisson, in his

Traite de Mecanique, and by Whewell, in his Analytical Statics. It is the third

method which I mean to follow ; and, excepting the particular mode of establish-

ing the analytical principle, my demonstration will differ but little from Poisson's :

he has resolved the functional equation in two different ways in the two editions

of his book, but my solution is different from both.

15. The axioms of statics, on which the following investigation is to rest, are

these:

(1.) The direction of the resultant of any two forces is in the plane of the

forces ; and when they are equal, it bisects the angle made by the straight lines,

which indicate their direction.

(2.) When the directions of the constituent and resultant forces coincide, this

last is equal to both the others. And if the angles which the constituents make

with the resultant be supposed to increase, the resultant will decrease continual-

ly, until it become =0. The directions of the constituents will then be perpen-

dicular to that of the resultant.

(3.) If each of the constituent forces be increased or diminished in any ratio,

the same for both, the resultant will be increased or diminished in the same ratio

:

that is, if the forces P, Q, and their resultant R, change their values, and become

P', Q', R', and if pr = Qr; then shall ^= pr= qt-; also p-= pT, and q =-q7 •

The general problem now to be resolved is this.

Problem.—To find R, the resultant of any two given forces P and Q, which

act at a point ; also^ its direction.

We shall begin with the case in which the

given forces are equal.

16. Case I. Let P and P be two equal forces,

which act in the directions AB, AB', and R their

resultant, which acts in the direction AC, a line bi-

secting the angle BAB' : It is required to find the

magnitude of the force R.

It is evident from our third axiom, that, while

the angles BAC, B'AC, continue the same, p must

be a constant quantity, but this quantity will change
R

if the angle change. Therefore, -p- must be some

function of the angle BAC ; and, denoting the angle

Fis. 1.
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by ^o » we may express the relation between -p- and x^ thus.

^=/W- (1)

Now, like as R is the resultant of two equal forces P, P, we may assume that

P and P are each the resultants of two equal forces p, p, which make equal angles

with them ; one pair acting in the du-ections AD, AD', and another pair in the

directions AD'', AD'". Let each of the four equal angles DAB, BAD', D"AB',

B'AD'", be denoted by x^, and we have, because P is the resultant oip, p,

y =/(-.)• (2)

therefore, taking the product of equations (1), (2),

Now, the force R, which is equivalent to the equal forces P, P, must also be

equivalent to the four forces which compose P, P ; two of these are forces p, p,

which make with R angles each equal to x^ + x,, and the other two, p, p, make
also with R angles each equal to x^—x^. Let the resultant of the first pair be R',

and the resultant of the other pair R", we have then

and ——- = /(^o + ^/) +/ (^o- x) .

Now, the forces R', R", which constitute the force R, lie in the same du'ec-

tion with it; therefore, R=R' + R", and so we have

^=f{x^-^x:)+f{x-x). (4)

We have now, from equations (3) and (4),

/W/O^O =/(^o+^.)+/(^o-^.);

and multiplying both sides by C^ a constant

0/W • Cf{x:) = C {C/ (.r, + X) + Cf{x-x) } ;

and putting simply /(^o). and/(«.)> and f{x^ + x), and/(«o— ^/)' instead of the same

sjrmbols multiplied by the constant C (this, because of the indefinitude of the

symbol _/ is evidently allowable), we have this functional equation

fix) .fix) = G{f{x^ + x)+f{x-x:)},

of which we have found two solutions (Art. 13) ; the first of these, however, only

will apply to the present case, because f{x) = — decreases while the angle x in-

creases ; thus we have

y = /(*) = « cos
(-^) ;
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here a is the value of f{x) when x=0; now, when x=0, then cx=(i, and
R X

cos (c<2^) = l, and R=2P, and -p- =f{x)=% therefore a=2, and R=2P cos — .

There is yet an indeterminate quantity c ; to find the value of which, we
must consider that, P being supposed given, while x increases from to |^ tt, the

resultant R must decrease continually from 2 P to ; now, this can only happen

when c=l, for if c were less than 1, the resultant would vanish before x became

a right angle ; and if c were greater than 1, it would not vanish when x was a

right angle ; therefore, c=l ; and in the case when the forces are equal,

R=2Pcosi2;: .... (A)

thus the first case of the problem is resolved.

17. Case 11. Let us next suppose that P and Q are any two forces whose

directions are AB and AD, and R their

resultant, whose direction is AC, the

angle BAD being any whatever ; we have

to determine the force R, and the direc-

tion of the line AC relatively to AB and

AD.

Put the angles BAC=0, CAD= ^,

then BAD=«=^ + ^. At the point A in

the line AC, make the angles CAE, CAE',

each equal to BAD ; then the angle BAE
will be equal to CAD= 0, and DAE'=
CAB=0.

Make the lines AB, AD, AC, propor-

tional to the forces P, Q, R, or such, that

P : R=AB : AC, R : Q = AC : AD, and,

therefore, P : Q=AB : AD. In the line AC,

take AH
AD^
AC and AK = AB^

AC and

make AE = AE' =—j-^— , and draw the

lines CB, CD, DE^ DH, BK, BE.

The triangles BAC, BAK have a common angle, and by constructioia

CA : AB=AB : AK, so that the sides about that angle are proportionals; there-

fore the triangles are similar, and have their remaining angles equal, viz. ACB=
ABK, and ABC=AKB.

The triangles BAE, CAD have their angles BAE, CAD equal, and by con-

struction the sides about these angles proportionals, for AC : AD=AB : AE ; there-

fore the triangles are similar, and hence the angles ABE=ACD, and AEB=ADC.
And since the angle ABK = ACB, and ABE = ACD, therefore EBK = BCD

;
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now AEB has been proved equal to ADC, and by construction KAE = BAD

;

therefore the figures BADC, KAEB are equiangular ; they are also made up of

similar triangles, therefore they are similar.

In the same way it may be proved that the figure BADC is similar to E'AHD,

the equal angles being E'AH = BAD and AHD = ADC, HDE' = DCB and AE'D=

ABC.

Thus it appears that the three figures BADC, KAEB, E'AHD are similar, and

that the lines AB, AC, AD have to each other the same ratios as the lines AK,

AB, AE have to each other ; also the same ratios as the lines AE', AD, AH, have

to each other. And since, by hypothesis, a force represented by AC, and acting

on the point A in the direction of that line, is equivalent to two forces represented

by the lines AB and AD, "acting at A in their directions ; so, by reason of the simi-

larity of figures, a force represented by AB, and acting in its direction, will be

equivalent to forces represented by AK, AE acting in the direction of these lines.

Also a force represented by AD, and acting in the du-ection AD, will be equivalent

to forces represented by AH, AE' acting in the directions of AH, AE'.

It now appears that the force expressed by AC, which is the resultant of

the two forces AB, AD, may also be considered as the resultant of the forces AK,

AH, together with the resultant of the equal forces AE, AE'. But the force AK
A B^ P^ A D^ 0,2

is by construction ='T~n =^ ; ^^^ the force AH= .^ ~~r"' ^'iid the two equal

AB AD
forces AE, AE', which are each equal to t^— , and make with AC angles each

equal BAD=a, have been proved by our first case to compose a force equal to

2PQ,
2AE . cosEAC= —^^— cos a; therefore, on the whole,

^ P2 Q2 2PQ

and R2=p2 + Q2 + 2PQcosa. ..... (B)

Now, by the elements of geometry, this last expression is the diagonal of a paral-

lelogram whose sides about one of its angles are P and Q, and the contained

angle « : hence we have this proposition.

Theorem.—Two forces which act on a point hi the directions of the sides of a

parallelogram, and which are represented in magnitude hy these sides, are equiva-

lent to a singleforce acting in the direction of the diagonal, and repyresented in magr

nitude hy that diagonal.

In this way, by the theories of analysis and Geometry, the proposition which

is the foundation of statics is derived from a few axioms, wliich are analogous to

those of Geometry, and which seem to be necessar}?^ consequences of our primary

notions of a force.
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I am next, from the same source, but with the aid of the proposition that

has just now been demonstrated, to establish the theory of curves of equihbra-

tion, a practical application of mathematics which is of essential importance in

the construction of bridges,

II. ARCH OF EQUILIBRATION.

18. The construction of a bridge of considerable length, such as those across

the Thames at London, or that over the Menai Strait at Bangor, is one of the

noblest achievements of human power, whether we consider its conception or

execution. It has long exercised the ingenuity of mechanicians in devising arches

which shall unite the properties of stability with elegance of form.

19. There are two chief theories regarding the proper form of an arch,

both resting on the principles of Geometry and Statics. One of these, the more

ancient, is the wedge theory. In this, the arch is formed of a series of stone-

wedges, which ought to be so adapted to each other, in regard to weight and po-

sition, that they shall have no tendency to move in any direction ; the pressures

throughout the arch being either counteracted by equal opposite pressures, or else

exerted against fixed points of support.

The French mathematician La Hire explained this theory in a treatise on

mechanics, printed in 1695. It was followed by other French engineers and ma-

thematicians ; as by Parent, in the Memoirs of the French Academy for 1704 ; by

Couplet, in the same work for 1729; by Bouguer and Bossut, in 1774 and 1776

;

and again by this last writer, in the third volume of his Cours cle Mathematiques

;

and in this country by the late Mr Atwood, who published a Dissertation on the

Construction and Properties of Arches in 1801 ; to this a Supplement was given in

1804.

20. The second theory of an arch is that deduced from the properties of the

curve, formed by a cord or chain hanging ft-eely in a vertical plane from two fixed

points, which, because of the way in which it is formed, is called the Catenaria

or Catenary. This curve was fii-st noticed by Galileo, who, however, did not

precisely comprehend its nature, for, in his second dialogue on motion, he says

that it is a parabola ; but again, in his fourth dialogue, he says that, to a certain

extent in the lower part of the curve, it differs very little from a parabola. I

notice this because it has been said that he believed it to be exactly a parabola.*

The discovery of the true nature of the curve was hardly within the power of the

mathematical science of Galileo's time. The method of fluxions of Newton,

and the differential calculus of Leibnitz, however, enabled mathematicians to

surmount this, and many other difficulties in statics.

* Leslie's Geometrical Analysis. The Catenary.
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21. James Bernouilli, in the year 1690, proposed in the Leipsic Acts " to

find the nature of the curve formed by a rope which hangs freely suspended be-

tween two fixed points." This problem was resolved by Huygens, Leibnitz, and

John Bernouilli. In England, David Gregory gave a complete solution of Ber-

NOuiLLi's problem.* In his memoir, he says, " The catena, placed in an inverted

position, maintains its figure, and does not fall downwards, so makes a thin arc

or fornix ;" and he afterwards adds, " The catenaria are the only true arches or

for7iices, and an arch of any other figure is sustained for this reason only, because

a catenaria is included in its thickness." In this assertion Gregory went too

far ; for, as John Bernouilli truly said, an arch may have the form of a circle or

an ellipse, or indeed any curve whatever, and be perfectly secure, by adapting

the mass which it supports to its form.

22. Writers on the Method of Fluxions have exemplified the use of that cal-

culus by applying it to the catenary, and arches of equilibration. Thus, Emerson

gave their theory in various parts of his works ; and Dr Charles Hutton has also

explained it in his Treatise on Bridges. He there also adverts to the wedge

theory, which had been delivered before by Atwood.

Dr J. RoBisoN, formerly Professor of Natural Philosophy in our University,

adopted the theory of equilibrated curves, in a valuable article on Arches which

he contributed to the Supplement to the fourth edition of the Encyclopaedia Bri-

tannica.f Since that essay was published, a period of nearly forty years has

elapsed, and in this time Bridges of Suspension have come much into use. To

these the simple catenary, which is inapplicable to stone bridges, finds an im-

portant application. On this subject the late Davies Gilbert, Esq., Presi-

dent of the Royal Society of London, gave a memoir, which is published in its

Transactions for 1826. This contains tables of the co-ordinates and arch of a

catenary ; the numbers extend to eight decimal places, supposing the parameter

to be an unit. Such tables, if correct, must be highly useful to engineers in the

construction of bridges ; it so happens, however, that, instead of the numbers

being true to eight decimal places, they are only exact in general to about five.

If the last three figures of each be rejected, the remaining figures will be nearly

correct.

23. The roadway along a bridge should be nearly a horizontal straight line.

An exact catenarian arch, with such a roadway, would require to be of great

* Philosophical Transactions, No. 231, (vol. i. p. 39 of Lowthorp's Abridgment), Gregory's

Memoir, which was in Latin, was translated and published in Miscellanea Curiosa, edited (I believe)

by Dr Derham.

t His articles in that edition of the Encyclopaedia and its Supplement, were, in 1822, collected

and published in 4 vols. 8vo. The article on Arches is republished in the seventh edition of the Ency-

clopsedia, to which I added a short supplement on Equilibrated Curves.
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thickness at the crown in respect to the rise of the arch. From the catenary,

however, we can construct an equilibrated arch that shall have any height and

span and thickness at the crown that may be required. Hence a table of co-ordi-

nates of the catenary will serve for the construction of bridges which are rigid in

all their parts, as well as for bridges of suspension. In fact, curves of suspension

and the catenary belong to the same family of curves, and are nearly related.

The nature of the former is expressed by a formula involving two parameters

;

but, when these are supposed equal, the general analytical expression for a curve

of equilibration becomes the equation of the catenary.

24. To avoid reference to any but the most elementary theories, I shall be-

gin with investigating a property of an equilibrated polygon.

Equilibrated Polygon.

Problem, Fig. 3.

Let ABCDEFGH be a chain formed by straight rods of any length, which
turn with perfect freedom about their extremities as joints. Suppose that the
chain hangs verticaUy from two fixed points. A, H ; and, abstracting from its own
weight, that it is loaded at the joints with given weights, or masses of matter.
It is proposed to determine the geometrical condition that must be satisfied by
the position of the rods when the whole constitute an equilibrium.

Let BC, CD, DE be any three adjoining rods ; these would manifestly form
an equilibrium, independently of the others, if the extreme points B and E were
fixed, the links BC, ED turning freely about them as centres : Produce BC, and
ED, the extreme links of these three, until they meet in K : Let m and mf de-
note the weights on the chain at C and D, and let be then- centre of gravity.

The rod CD is urged by three forces, viz. two in the directions KB, KE, and
the vertical pressures of the masses m and m', which are equivalent to a single
mass pressing the rod verticaUy downward at their centre of gravity. The di-
rection of this last force must, in the case of equihbrium, pass through K, the in-
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tersection of the directions of the other two. Draw the vertical line OK, and

from C and D draw perpendiculars CL, DM, Put 0, 0' , <p" for the angles LCK,

LCD (or its equal CDM), and KDM, these being the angles which the links BC,

CD, DE make with the plane of the horizon.

By the nature of the centre of gravity, and similar triangles,

1 1 KO KOw:w'=DO:CO=DM:OL=
OL • DM CL DM

Now ^-Y-=-7S"t rTT" =tanKCL —tanO0L= tan — tan (p'
;

\y Li \j Li \j Li

, KO MO MK , ^-^,, ^ T^T^,^and -rf^nr^ = tCKT— t^-iT^ = tan DM — tan K D M= tan 4>'— tan 0" :DMDMDM -rr
Therefore, m:m'= tan (p — tan <p' : tan 0'— tan 0".

Hence we have this proposition :

Theorem.—In an equilibrated polygon, the loads on any two joints are propor-

tional to the difference of the tangents of the angles 0, 0' which the sides about that

joint make with the plane of the horizon : And if c be put to denote some constant

force or pressure.

Tit

tan0 — tan0'=— . (1)

This is the condition required.

Corollary.—Hence, if the angle which any one of the rods makes with the

horizon be given, the like angles which all the others make will also be known.

25. By a theorem in the calculus of sines,

,j. j,s tan — tan 0'
^"^^^-^^==

l-ftan0tanV '

therefore, tan — tan 0' = tan (0— 0') (1 + tan tan 0')

.

Hence, in the equilibrated polygon, m and c representing the things ah-eady spe-

cified,

— = tan (0-00(1 + tan tan 0') (2)

^ If the number of links of the chain be very great, so that the angle made by

any two adjoining links is very obtuse, the tangent of the difference of the angles

will be almost proportional to the difference of the angles themselves ; and the

product of the tangents will be almost the square of either. In this case,

l + tan0 tan0'= l + tan^0= sec^0,

and — =(0-0')sec2 nearly.

When the number of links is infinitely great, so that the figure which they form

may be considered as a curve, 0-0' is (/0, the differential of and

m
sec^ (b d(b= d (tsii\(p) (3)

c
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Let ABH be that curve, which is now the figure of the chain ; draw a hori-

zontal line ECF, and through B, the lowest point of the curve, draw a vertical

0' k: r q r f

line CBD, meeting EF in C. From any point P in the curve draw PQ perpendi-

cular to CF, and PK touching the curve at P and meeting EF in K ; then PKQ
will be equal to the angle which an element of the curve makes with a horizontal

line at P : Put CQ=^ and PQ,=j/ and the angle PKQ,=0.
d 2/ 6? (V

In all curves tan =-~ , and (making d oo constant) d tan = —r^ we

have therefore
<?2.y m

c
and

d^y m
dx c

'
d.x^ cdx

Now, if the vertical pressure on the curve at P be a column of matter whose base

IS, d X and altitude y, we have m=ydoo ; and, on this hypothesis,

d"^ y _ ydoc _ y
dx^ cdx c

'

and
do6^ y

= a constant.

This differential equation is identical with that deduced from the functional

equation

the latter must therefore express a property of the former. In this case, a; and

y increase together, and the value of 7/ when 07=0 is the perpendicular BC from

the lowest point of the chain, this is the quantity equivalent to C in the functional

equation. We have now (independently of the integral equation deduced from

the differential equation in article 12) this elegant proposition in statics.

26. Theorem.—Let ABH be a perfectly flexible chain of uniform thickness,

and composed of infinitely small links suspended, in a vertical plane, from

two fixed points A, H : Suppose that an infinite number of infinitely thin

columns or rods, PQ, &c., are attached to the chain, and hang fi-eely, and

quite contiguous to each other, with their lower ends in a horizontal

straight line ECF, thereby forming a continuous plane sm-face between

that line and the plane curve ABH. Assuming now the straight line ECF
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as an axis, the hanging rods PQ, &c. will be ordinates to that axis : Let B
be the lowest point of the curve, and BC the shortest ordinate : Let CQ,
the distance of any ordinate PQ from C be denoted by x, and PQ, the or-
dinate, by/(<j7)

: Similarly, x\ and x^ being any values of x, whose sum is

x^ + x^ and difference x^-x,, let the ordinates corresponding to these values
of X be denoted by

and let the shortest ordinate BC, or/(^=0), be denoted by «; then shall

This property is altogether sunilar to a property of cosines of angles ; also

to the lines in an ellipse and an hyperbola, which are analogous to cosines. In
the case of angles, it is known that the radius or cosine of zero, being denoted by
a, and any two angles by x^ and x,

,

2 cos x^ cos X, / N / N= cos [X^ + X^ + COS (x^— XJ

.

In the ellipse and hyperbola, if there be four sectors,

the third and fourth of which are the sum and the difference of the first and se-

cond, and if these be contained between the semi-transverse axis and other semi-

diameters, from the vertices of which ordinates are drawn to the conjugate axis,

these ordinates being expressed by a like notation, viz.

ord (x^) , ord (x,) , ord {x^ + x^ , ord (x^ - x,) ;

then, in l30th curves, putting a for the semitransverse axis,

2 ord (x^ ord (x) , . , ,

,

, ,^-^ ^-^ = ord (x^ + X,) + ord (x^- x,) .*

27. From the perfect identity of the relations between the semiordinates of

the circle and ellipse, also the hyperbola, and the ordinates of the curve we

are now considering, it must follow that all the consequences deducible from the

formulae which express the relations of the semiordinates of the conic sections

may, without farther investigation, be enunciated as properties of the equili-

brated curve.

Thus, putting n x instead of x^ , and x instead of x^, also y instead oif{x)

orf{x,) ; we have

and hence again.

/{(n + l).z}='^finx)-/{{n-l)x}

» See my paper in this volume, page 436.
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From this last we form the following table of formulae :

* tv

/(3^)=^{4j/3_3a^y},
tv

(I

/(6^) =^{ 32^-48 a2y + 18a\^^-«6},

/(7a:)=^{ 64^-112aV + 56aV-7«s.?/};

and in general,*

By this formula, supposing any number of ordinates to stand at equal dis-

tances along the axis x ; and the parameter a, also p the first ordinate, to be

given ; then all the remaining ordinates, to the last, may be found.

28. It has been found (Article 12), that ,r=CQ, and ?/=PQ, being co-ordinates

at any point P of the curve, and a=BC, the least ordinate, then

dx c

Now PK being a straight line that touches the curve at P, and meets the axis

CE in K ; and (p denoting the angle PKQ ; in all curves

-—^ = tan 9 ;ax

therefore, putting t to denote tan (p,

c

Hence again f —c^fl= a^, and y dy=<? tdt.

Now, tdx= dy, and y tdx=ydy= (? tdt; therefore, c^dt=yix.

We have now cdt=y— , dy=tdx=ct—

.

c c

And again, from these equations,

dy ->r c d t~{ij -\- c t)— \,

dx
dy—cdt= {y— c()

;

c

* For the mode of deduction, see the paper just quoted.
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dy + cdt _dx dy—cdt_ dx

y + ct c ' y— ct c

and taking the integrals, so that when x=0, then y=a, and t=0, we have

,
V+ C t X

^og- =—

,

a c

. 1/ — Ct X

^ a c
'

Hence, e being the number which is the base of Neper's logarithms,

y + ct -= e';
a

y-ct --

a

By adding and subtracting, there is obtained

-J
r J-

y=^ {
e~ + e~^} ; (1)

'=^.('^--'^"') (2)

These equations, which involve in them this other equation

y_c2;2=a2, (3)

express the nature of the curve of equilibration.

29. It was found (Art. 28) that c^ d (tan (p)=ydx=d (area BPQC).

Hence, by integration, putting s to denote the area BPQC,

(= c^ tan (p

30. By trigonometry, the subtangent QK is equal to PQ . cot PKC ; therefore.

3x

subtan. Q,K= c . =c .

2x

e' — e ' e ' —1

In this formula, the number e = 2.7182818284. The numerator and the de-

nominator of the fraction — will, therefore, both increase continually with x.

The ratio of QK to o will, however, evidently approach to that of equality. Thus

it appears, that c is the value of the subtangent when oc is infinite.

81. It appears that the equation of the curve of equilibration contains two

constants, a and c, like those of the ellipse and hyperbola, the constants of which

are the semiaxes ; these enter similarly into the equation of their curves, but

here the constants do not enter similarly, for one, viz. a, enters as a coefficient,

and the other, — , as an exponent. We have already named a the parameter of
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the curve ; we may, to distinguish the constants from each other, now name c its

modvlus. We have seen that a curve of equilibration has some properties ab-

solutely identical with those of an hyperbola, and quite analogous to those of the

circle and ellipse ; such is that given in Art. 27, and I shall now investigate others.

32. It has been found that the relation between s, the curvilineal space

BPQC, and t, the tangent of the angle PKQ, is expressed by the formula

— = tc

.

c

Let either of these equal quantities be designated by the symbol F (x), which in-

dicates a function of the variable amplitude a^ ; let <r^ and x^ be any values of .r,

then

will denote the same functions of

that /(a?) and F (<2?) are of x.
1

To abridge, let us put r to denote e~. We have found that

2/(^0) = «{ r^'°+ r-""") '

2/(^,) = «{/v+ r-^, ),

2F(.r,) = a{^^-c_^-'^o)
,

2F(^,) =a{r''-r-'-''
}

•

From these formulae, by multiplying corresponding sides of the equations,

we get

4/(0./(-2-v) = «'{y^^+r-^=} {r^'+r-^'} (1)

4 F (^J . F (a,' ) = a'
{
/^c _ r-''.

| j
^^._ ^-^V

}
(2)

4/(.r,).F(^,) = «2{/-»+^-^o) {^^,_^-'-v| (.3)

4F(a;,)./(.r,)=:a2{^^._^-^o} {^*.+ ^-^.} (4)

Now, «2
{
r^o + y-^o

) {

y*V + y-*,
)
= «'

{ r'^°
+

"'' + ^"^"'^ + ^.)
) + a2

{ r* -^V + ^-(^- -•'.) ) :

Again, «'
{

/*'=

+

""' + r-(^o + *v) ) = 2 «/(*•, + a;,)

,

And «^
{
/-^o-^' 4- r-(^o-«^.)

}
= 2 a/(^, - ^,)

;

Therefore, 4/(^J ./(^,) = 2 a
{
/(^„ + ^J +/(-r,-.r,)

}
.

The remaining equations (2), (3), (4), may be treated exactly in the same

way as equation (1), and like results will be obtained ; and from the four we ob-

tain these formulae
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/(^o + ^) +/('^o -^.) = —f{x:).f{x) ; (1)

/(^o + '^.)-/('^o-^.) = |-F(^o).F(j:,); (2)

F(^„ + ^,)-F(a;,-^,) = -|/(^J.F(^,); (3)

F(^, + ^,) + F(^,-^0 = 4f(0 ./(^.) • (4)

From these again, by addition and subtraction, we find

a ./(^, + ^,) =/(^,) ./(^O + F (^J . F ix;)

,

(5)

a./(;r,-ar,) =/(^,) ./(^,)-F (^<,) . F (^r,)

,

(6)

a . F (^„ + ^.) = F (:rJ ./(^^ +/(a;,) . F (^,)

,

(7)

a . F (07^- a;,) = F (^,) ./ (^,) -/(^,) . F (^,)

,

(8)

These formulae are absolutely identical with those given for the ellipse and

hyperbola in my Memoir, already quoted, on the Analogy between the co-ordinates

of these Curves, the variable line x here coming in the place of the elliptic or

hyperbolic sectors.

33. Considering the subtangent KQ as a function of the amplitude <r, let it

be denoted by the symbol /' {.v), then (Art. 30),

KQ-/(^0_/(^)
.

c c F (a;)
'

«nH / (-^o + ^0 - /(^o + ^) _ /(^o)/(^.) + F (^J F (x)

F(^o+^o Y(x:)f{x)+f(x:)Y{x)
•

Now, /W = ^^^^ , and /(..) ^ ^-^^ :

Therefore, substituting and dividing the numerator and denominator by

F (*J F {x^), we find

And similarly, /' {x^-<v) = ^'^!';}( ^1^7"' ' (10)

All these formulae are perfectly analogous to properties of the ellipse and

hyperbola, particularly the latter of these two curves.

34. Resuming the formula of Art. 28, viz.

- y + ct -- y— ct
e'=- , e •'=^ ;

a a

let n be any number whatever, positive or negative, whole or fractional, then

{^}
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and by adding and subtracting,

4

These formulae, by our functional notation, may be expressed thus

:

/(««^)=2^[{/(^)+FW)"+{/(^)-F(«:)}"],

They denote a property of the curve of equilibration quite analogous to that

of the conic sections which is expressed by Demoivres theorem. From these

formulae, by putting n x instead of x^ and — instead of n, we obtain two others,

n—

1

viz. f{^)^^\_[f{nx)-^Y{nx) \^ ^ [f{nx)-Y {nx)
)
^j ;

n—

1

By these formulae, combined with this,

[f{nx)Y-[Y{nx)Y=a\

we may find/(na;) and Y{nx) from/(;c) and F(a;), and the contrary.

85. As in an ellipse or hyperbola, which, like a curve of equilibration, have

two parameters, if these be supposed equal, the curve becomes a circle or equila-

teral hyperbola, which have each only one parameter : so, in like manner, we
may assume that a and c, the parameter and modulus of a curve of equilibration,

are equal. Then the equations of the curve are a little more simple, they being,

putting BC=:a, OQ=a;,

(1) PQ=/(^)=^=|-{«" + e-^}
,

(2) Y{x)= ta=^[i^-e--^\,

(3) *=|-{e^-e-t|
,

/=(l + 0«^ . g ^
In this case, putting z for BP, the length of the curve between the least or-

dinate and ?/, since

dy ^ 1 . £ _£,
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therefore
dy? + dy^

and

and

dz

dx'
—

I

6" +e " +2} ,

If- - y
i a

Pig. 6.

dx

adz=:y d x.

36. By hypothesis (art. 26), from every point of a chain of unifomi thick-

ness, a rod is suspended, whose weight may be expressed hj ydoc, and here we

have found that the rod is equivalent in weight to adz, which may represent an

element of the chain ; hence, it follows that, whether the chain be loaded, accord-

ing to the hypothesis, with rods, or be composed of some perfectly flexible ma-

terial, like gossamer, of uniform thickness, and not loaded, the curve it forms will

be the very same, that is, it will be a catenary. So that the properties which

have been proved to belong to the equilibrated curve,

in its general form, may be all affirmed to be true

of the simple catenary, that is, a curve formed by a

chain or cord of uniform thickness, hanging in a ver-

tical plane from two fixed points.

37. Let APBH be a common catenary, and

A'P'B'H' a curve of equilibration, such as it has

been defined in art. 25, which have a common hori-

zontal axis EF, and their vertical axes is the same

straight line ; let PQ, P'Q be ordinates which have

the same amplitude CQ ; let <p denote the angle

which a straight line PK, touching the catenary

ABH at the top of the ordinate, makes with the

axis EF, and 4>' the angle which a straight line

drawn at Y the top of the other ordinate, touching

the curve A'B'H', makes with the same axis : Put x

for CQ, the common amplitude, y for the ordinate

PQ, and / for the ordinate P'Q, and a and a' for CB,

BC the parameters of the curves. Because tan =—^ and tan(i'=-^ there-
to a;

' ^ dx ''

fore tan : tan (p'=dy. dy' : Now, y having to y' a constant ratio, viz. that of a to a\

we have y.y'— dy : dy'= a : a'

;

therefore tan (p -. tan (p'= a: a'

;

and cot (p : cot (p' — ay. a

;

and ycotcp: y' cot (f)'=y a' :y' a.

Now, ya'=y'a; therefore y' cot =y cot (p', but y cot (p and y cot (p' express

the segments of the axis between the ordinates y, y\ and the hues touching the
curves. On the whole, then, we have these two propositions.
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Ifa catenary ABH, and curve of equilibration A'B'H', havie a common horizon-

tal axis EF, and their vertical axes CD, CD', in the same straight line; and if an

ordinate PQ, P'Q, to each curve^ pass through the same point in the horizontal axis,

then,

1. (1) Straight lines drawn touching the curves at the tops of the oj^dinates,

shall intersect each other in the horizontal axis.

2. (2) The tangents of the angles which the touching lines make with the hori-

zontal axis, shall have to each other the ratio of the parameters of the curves.

38. These are entirely analogovis to known properties of a circle and ellipse,

also of an equilateral hyperbola, and any other hyperbola ; and as an ellipse may
be constructed from a circle, and any hyperbola from an equilateral hyperbola,

when the ratio of the axes is given, so, in like manner, a curve of equilibration,

whose parameter and modulus are known, may be constructed from a catenary.

For, from what has been shewn, it is manifest that, supposing an equilibrated

curve and a catenary to have the same horizontal axis and their vertical axes on

a straight line, any ordinates of the two cuvves, which have the same amplitude,

will have to each other the constant ratio of the parameter of the curves.

39. Deferring, then, for the present, the farther consideration of curves of

equilibration, having two parameters ; let ABH be a catenary (Fig. 5 or Fig. 6),

of which EF is the horizontal axis, CBD the vertical axis, CB the parameter, PQ
any ordinate corresponding to the amplitude CQ ; let PK touch the curve, and

meet the horizontal axis in K.

Let the parameter BC = a,

the amplitude CQ = x,

the ordinate PQ = ?/ =/ (x),

the arc PB = 2; = F (x),

the space BCQP = s,

the angle PKQ = <^.

In addition to the properties of the curve stated in art. 35, it has these

;

x^ and x^ being any two amplitudes.

«/(^o + ^.) =/(^°)/W + F (x,) V (*0 ; (1)

«/(*o-^.) -/(^o)/(^.)-F (.rj F (x;) ; (2)

aF(xo+ x) = F {x^} f{x) +f(x,) F (x) ; (3)

aF{x,-x:) = F (x-J/C^O-ZW F {X) ; (4)

area of space * = a F (a;) ; (5)

y =f(x) = aseG(l> ; z = F (x) —a tan
. (6)

We may enunciate the formulae of art. 34, which give the values oif{n x)

and F {n x), as properties of the catenary, simply by assuming that c, the modulus
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of the equilibrated curve, is equal to a, its parameter ; and, in addition, we shall

generalise the properties given in this article.

\^

40. Putting 7'=e% {e the base of Neper's logarithms), the equations of the

catenary are,

f{x) being the ordinate, and F {x) the arc, corresponding to the amplitude x.

Let x^^ x^, x^, ... x„, be any values of x, we have

ar^-^ =/(x,) + F(a;,), ar"*'^ =/ (^2)-F (;.,),

ar^3 =f^^^^Y{x,), ar-^^ = f{x,)-Y (x,),

• • • •

The sum and difference of the products of the sides of these two sets of

equations being taken, and it being observed that

ar—^''^'*^''>-^'''^=f{x, + x, + x,hc.)±V(x, + x, + x,kc)

we have, by substituting,

{/{x) + F (x) } {fix,) + F {x,) } {fix,) + F ix,) } &c.

{fix) - F ix) } {fix,) - F (z,) } {/(;r3) - F ix,) ] &c.

{fix) + F (a:,) } {fix,) + F (;.,) 1 {fix,) + F (;C3) 1 &c.

*^^
U{/(^,)-F(^,)}{/(^.)-F(x.)}{/(;r3)-F(af3)}&c. /

^'^

2a . F(ar, + a;2 + 3;3 + &c.) = s > (o)
^

' ^1 -{/(^.)-F (:«.)} {fix-:)~Yix,)} {/(^3)-F(;.3)} &c. / ^
^

These two formulae comprehend in them, as particular cases, the expansions

of /(*'o— "^z)
^^d F {x^r^x,) given in art. 39.

41. Let ^o 02, ^3, . . 0„, denote the angles which lines touching the curve at

the tops of the ordinates f{Xj), f{x,), /{x,), . . .f{x„), make with the horizontal

axis ; and let (p denote the angle which the tangent at the top of the ordinate

f{x, + a?2 + «3 . . . +x„) makes with that axis

;

ii
'

because « •
^" =/(»;/) + F («,)= a (sec (p, + tan (p)= a tan (45° + 1 cp)

therefore x,=a log tan (45° + i(p),

X2=a log tan (45° + ^ ^2 )

?

x,=a log tan (45° + ^03))

• • « •

x„=a log tan (45° + ^(p„).

By adding into one sum the sides of these equations, and observing that

x, + Xi + X3...x„ = a\og tan (45° + ^(p);
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and passing from the logarithms to the numbers, we obtain

tan (45° + i <^) = tan (45° + ^ 0,) tan (45° + \ (p,) tan (45° + i ^s) • • . tan (45° + A (p„) . (9)

And because being any angle, tan (45 + 6) tan (45°— 0)=1 ; therefore

tan (45°- i </))= tan (45°- 1 0,) tan (45°- ^ (p^) tan (45°- ^ 0,) ... tan (45° - 1 (p„) . (10)

These formulge express elegant properties of the catenary, which are not less

general and remarkable than properties of a circle, which are contemplated with

high satisfaction by geometers.

£ —- 2 v
42. Because e" + e «=-^^; by subtracting 4 from the squares ofthese equals,

and taking the square roots of the results, we find

e<^ -e "= ^^ ^;

Therefore

a

and — = Nep. log ^—^^^ ^ = m com. log ^—^^-^ L
, (H)

and because 2'=y-a^ and j/=V(a' + z');

therefore — = Nep. log ^ ^ = m com. log ^^-^ ^
, (12)

a a °
a ^ ^

By these formulae, oc may be found from either y or z.

We may also express ochj (p; for since

t/= asec(p, »J {^^— a^)= at3bn<p i

and y + ^ {./— «') = ^ (sec + tan <p)=a tan (45° + ^ 0) ;

^^ ^ « M 1
rtan(45° + i0)l

f
tan (45° + ^ 0)

)

therefore — = Nep. log \ ^

—

l1 l = m com. log \ ^— ^^
I . (IS)

In these formulae, »^=.43429448, and log m= 9.6377843.

43. The properties of the catenary which have been hitherto found are all ex-

pressed in finite terms ; some of them, however, may be expressed by series,

which have remarkable properties ; these we are now to investigate.

Resuming the equation of article 12, and putting tan for -^ , and making

the parameter =1, we have

^ rf a;= (/ tan = see' fi?
;

Now i/=seG<p,

therefore dx=sec (p . deb =—J--

;

COS0

and integrating, so that x and may begin together,

2;. = Nep.log-l^t£I^;
^ * l-sm0
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and e = 13^-, and sm<p=-^^^ ,

and cos(/)= -.^-y^ =

Now Gos(p= y , and (?^=—^,
therefore K«^ + =-^ , and f/0=^^-^-^^

.

Now cos(/)=l-^ + ^2V:4-TT27^K4:5TF + ^"-

and 1(.' + = 1 +r^ + l.2^V4+ 1.2.3''4.5.6 -"^^-11 1
Put a for y-g '

C!* for
-^ 2 3 4 ' ^* ^^'^

^^ 2 3 4 5 6 '
^^'' ^^^ ^®

have dx=
i_c^^2 + c7^43c706:f:&c. '''^'" TTcr^Tc7^* + c;7+&r'

It is a remarkable property of these expressions, that the coefficients of the

terms in the denominators, excepting the signs, are identical ; and it is easy to

see that the reciprocals of these series will be recurring series which will have the

very same property. The reciprocal of the denominator of the first of these ex-

pressions (viz. cos 0) is the secant of (p ; and the law of the terms is known to

be this :
*

Let «=1,

R 2.1 _,

4.3 a 4.3.2.1
'^=172-^-1. 2. 3. 4

"=^'

. 6.5 6.5.4.3^ 6....1
^= 172- 'y

-TTUTsTl
^

-^ iTTTTe " =^1

'

8.7^ 8.7.6.5 8.. ..3^ 8....1 ,„„.

^=T:2-^-T72T3T4'y-^TT7T6 ^-17^78- =1'"''

^=50521, ;3= 2702765, = 199360981, ;= 19391512145, &c.

Then .ec^=.l^^^' +^-^»' + ^^3^^^^g »' + &c.

We have now <'»^=<'* {l + T^'?'' +t:^3:4*' + T:273^'tX8 *'**"''•) •

* EULER, Calculus Differentialis, Pars ii. cap. viii. ; also Legendre, Exercices dc Calcul Integral,

tome ii. p. 144.
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and hence, by integrating, and substituting for « . /3 &;c. their numeral values

(14)

^' 5<^' 61 (/)^ 1385 0g
^"'^^1.2.3 ^ 1.2.3.4.5 ^1.2. 8. 4. 5. 6. 7 "^1.2. 3. 4. 5. 6. 7. 8.

9"^

'''"""""
1.2.3 ^1.2.3.4.5~1.2.3.4.5.e.7'^1.2.3.4.5.e.7.8.9~

44. In the application of these formulae, it must be remembered that (p is ex-

pressed in parts of the tabular radius of the trigonometrical tables : therefore, if

the angle be expressed in minutes, it must be multiplied by the number 3437.74677

(the radius reduced to minutes). If the angle (p be considerable, the series will

converge too slow to be useful.

A convenient expression, as an approximation to the value of x, may be

found from the series by the following process : We found that

03 05 0^
Now '^'f'='P—6-'uO-im-'^'-

. ^ ^ 203 1605 2720^
,and tan0=0+-J-+ ^4--^^+ &c.

/ ^ • ^ 303 1505 273 0^ ,

Therefore tan .0- sm = —^ + -j^ + ~^q^- + &c.

wx ^ • ^x <^' 5 05 91 0^ .

and 3(tan0-sm0) =-^+—|^+-^^4. &c.

By subtracting the sides of this last equation from those of the first, and trans-

posing, we have

d)'
a;= + ^ (tan — sin0) — --^ &c.

If the angle be not very great, we have, as an approximation, putting a for the

parameter,

a;=a{ + ^(tan0— sin0)}, (15)

This in many cases may be sufficiently near to the value of .2;.

Suppose, as an example, that «=100 feet and 0=42°; the calculation will be

as foUows

:

(in parts of radius) = .7330388

From tan = .9004040

Subtract sin = .6691306

Divide by 3)2312734(.0770911

.81013 ;

.

«= 100 {0 + ^ (tan 0- sin 0)} = 81.013 feet.

The more correct value of x is 80.916 feet ; the corresponding value of z/=a sec

is 134.563 feet ; and the catenary arc =a tan = 90.040 feet.
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It is easy to see how, from the formula, an approximate geometrical deter-

mination of points in the catenary may be obtained.

45. It has been found that, a^ denoting the amplitude of any point in a ca-

tenary, y the ordinate at that point, and <p the angle which a hue touching the

curve at the top of the ordinate makes with the horizontal axis, then (Art. 43),

dx=asec<p . d<p,

and x=a/Bec(f) . d (p .

Suppose sec <^ to be expressed, not in decimal parts of the radius, as in the

common trigonometrical table, but in units, each of which is the arc that mea-

sures an angle of one minute of a degree ; of these, the radius contains 3437.74677.

Let n denote this number, and suppose ^ to be one of these units. The inte-

gral/*sec (pd^p will be approximatively expressed by the series

— { sec r + sec 2' + sec 3' + sec 4' + &c.}
n

and «=— { sec r + sec 2' + sec 3' + sec 4' + &;c.}
n

Now the sum of the series continued to as many terms as there are minutes in

the angle <P, is known to express the length of the enlarged meridian in Wright's,

or as it is called (improperly) Mercator's projection of the sphere ; and these

sums are given in nautical tables under the name of meridional parts, therefore,

putting M {(p) to denote the meridional parts of a latitude cp, and this angle cp be-

ing found from either of these formulae,

sec 9=^^-^^, tan 0=—^^ • we have x=a .
—^

;

Or we may first find (p, and ihen/{^) and F (.r), from these formulae,

(1) M(CP) = !!±;

(2) /(:.) = « sec =-^; f
(1^)

cos 9
(3) F (x) = atan(p.

Example. Let the parameter of a catenary be 1 00 feet ; it is proposed to find

the ordinate /'(c^') and the arc F {w) to the amplitude x—l2o feet.

Log.

«= 3437.7 3.53627

z= 125 2.09691

Log.

a 2.00000

cos (p 9.72381

Log.

tan (p 10.20477

a 2.00000

a= 100 Ar. comp. 8.00000

(0)= 4297.1 3.63318

0=58° 2'.

/(a:)= 188.88 2.27619 F (a;) = 160.24 2.20477

Here we first find M {(p) to be 4297.1, which, by inspection in a table of me-

ridional parts,* gives 0=58° 2'. The angle (p being known, f{x) and F {x) are

* Mendoza Rigs' Collection of Tablesfor Navigation ; or any treatise on navigation.
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found by (16). Greater accuracy may be obtained: this, however, is sufficient

to shew the process of calculation.

As a table of catenarian co-ordinates and arcs may be made from a table of

meridional parts ; so, on the other hand, a table of meridional parts might be

made experimentally from a catenary. This would indeed be a singular way of

finding the course a ship should steer from a given place, to reach a port Avhose

latitude and longitude were known. The solution in this way is evidently possible.

46. From the analogy which has been shewn to subsist between catenarian

co-ordinates and the meridional parts of latitudes, and the properties of the former,

we have (by the way) this property of the enlarged meridians in nautical charts.

Theorem.—Let (p, , (p^ , cps , . . . cf)„ he latitudes of parallels on the sphere

;

and M ((/>,) , M (<^,) , M ((p.,) , . . . M ((p„) their meridional parts

;

Let be a parallel whose meridional parts =M (0,) +M ((p,) + M {(p^)... +M (<p„) ;

Then, tan (45° + i 0)= tan (45^ + ^ (p,) tan (45° + i 0o) tan (45° + ^(p,) .. . tan (45" + 1 cp„).

Example.
Merid. Parts. Log tangent.

M(0,=12°)= 725.32 45°+ 6^=51° 10.091631

M.((p,= U')= 848.49 45+ 7=52 10.107190

M (03= 20°) = 1225.14 45 + 10 = 55 10.154773

M (0„= 30°)= 1888.38 45 + 15 = 60 10.238561

M (0 = 61°18iO =4687.33 45 + 10= 75°39' 11" 10.592155

Here the theorem is verified ; for the sum of the meridional parts of 12°, 14°, 20°,

30° is the meridional parts of 61° 18^'=0 ; and the continual product of the tan-

gents of the halves of these angles, each increased by 45°, is equal to the tangent

of 75° 39' 1 1''= 45° + 1 </) nearly.

One obvious use of this last formula would be, to construct a table of en-

larged meridians, having a common difference of one minute ; the latitudes being

placed against their meridional parts.

Related Properties of a Catenary and a Parabola.

47. The ancient geometers, in treating of curve lines, endeavoured to shew

how they might be exhibited by an organic construction. It may be supposed

that, with this view, they defined lines of the second order by sections of a cone,

and conchoids by the motion of a point restrained to a certain course by an in-

strument. DiocLES defined his Cissoid by shewing how points might be found in

it ; but Newton, probably supposing this imperfect, took the trouble to invent

an instrument for describing it by continued motion, like the conchoid. The
geometers who first treated of the catenary (viz. Gregory and Bernouilli),

VOL. XIV. part II. 6 G
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shewed how it might be constructed by a parabola and hyperbola. Gregory's

construction is, however, complex,* and probably was never employed in de-

lineating a catenary. I propose here to shew how the curve may be actual-

ly generated from a parabola alone, and my analysis will not require the in-

tegral calculus, it being derived from the property investigated in art. 25, that

the increment of the curve at any point is always as the increment of the tangent

of the angle which a line touching the curve at that point makes with the hori-

zontal axis.

•Fig. 7. Fig. 8.

48. (Fig. 7.) Let ABP be a catenary, CQ its horizontal, CD its vertical axis,

and BC its parameter. From P, p, two points, comprehending between them an
infinitely small arc of the curve, draw ordinates PQ, x>q, and straight lines PK,

p k, touching the curve, and meeting CQ in K and k. Take a straight line VL,

terminated at V (Fig. 8) ; to this line draw VG, a perpendicular, and in VL take

VF, equal to BC, the parameter of the catenary. At the point F, make the

angles VFE, VF^, equal to the angles PKQ, pkq.
By the nature of the catenary (art. 25), (see Figs. 7 and 8),

arc P/> = BC (tan K-tan k) = FV (tan eFV-tan EFV) :

But FV(taneFV-tanEFV) = eV-EV = Ee;

therefore, E e, the increment of the line VE, is equal to Fp, the increment of the
arc BP. Now, by construction, the straight line VE, and the catenary arc BP,
must begin to be generated together ; therefore, they are always equal.

In Fig. 8, draw EN perpendicular to FE, and entoF e, and produce FE to

meet n einm-, and, in Fig. 7, draw p Y parallel to KQ. The infinitely small right-

angled triangles PpY (Fig. 7), andeEm (Fig. 8), are similar, because the angle

^ P Y is equal to the angle PKQ, that is, by construction, to the angle EFV, which

* Philosophical Transactions, as quoted at art. 21.
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again is equal to Eew. Now, it was shewn that the lines eE, Fp, are equal;

therefore, e m is equal PY or Q q, the inci'ement of CQ ; and Emto pY, the in-

crement of PQ.

It is a known property of a parabola, that the common intersection of a

tangent to the curve, and a perpendicular to the tangent from its focus, is in a

straight line touching the parabola at its vertex.* Hence it follows, that if a

parabola be described about F as a focus, with its vertex at V, so that VE touches

the curve at its vertex, the lines EN, E n, will touch that parabola at points N, n.

Suppose, now, that the parabolic curve ?2 NV is the edge of a mould of some

solid material, such as in practice is used for tracing the curve, and that a thread

is applied along that curved edge, beginning at its vertex V, and extending in-

definitely to some point in the curve, where it is fixed to the mould ; if the thread

be gradually unlapped from the curve, the extremity of the thread that leaves the

vertex V will generate a curve VH7i, which will be the involute of the parabola.

The lines EH, e h, will be normals to this curve, and e m, the increment of the

normal ; but em has been proved to be equal to Q q, the increment of CQ, the

abscissa of the catenary ; therefore, that abscissa, and the normal EH, which be-

gin to be generated together, will always be equal. It has been shewn also that

Em, which is the increment of the line FE, is equal to |)V, the increment of the

ordinate PQ of the catenary ; therefore, on the whole, we have this proposition.

THEOREM (Figs. 7 and 8).—Let VN be a parabola (Fig. 8), of which F is the

focus, FL the axis, V the vertex, and VG a perpendicular to the axis at V.

Suppose a thread to be applied along the curve, with one end at V, and

the other fastened to the curve at some point indefinitely remote. Let

this thread be unwound from the curve, and kept tight, so that its extre-

mity V may describe a curve line VHI : this will be the involute of the

parabola.

Take any point E in the line VG ; draw EF to the focus, and EH perpendicular

to EF ; meeting the involute in H. Assume C a given point, as an origin

in a straight line CD given in position (Fig. 7) ; in that line take CR equal

to FE, draw RP perpendicular to CR, and equal to EH : The point P will

be in a catenary, whose parameter CB is equal to FV in the parabola

;

and the arc BP of the curve, between the axis CB and P, is equal to the

straight line VE.

49. This construction gives a perfectly distinct notion of the catenary : be-

sides, for a practical purpose, it is easy, requiring merely the correct construction

of a mould for making a parabolic curve.

* See my Treatise on Conic Sections, Part i. proposition 14.
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Theoretically, a single point in the catenary is all that is required to deter-

mine any number of pairs of co-ordinates : For, let x and /{x) he co-ordinates at

a given point of the curve, then

will be another pair, which may be found from the fornier by a geometrical con-

struction; and any number / (2 ,2;), /(3 ,2?) &c. from ^=/(^) by the formulae of

Art. 27. Also, having given three of these four ordinates/(,2;J, /{x^), f{x^ + x,).

f{x^-oc^, the fourth is obtained by the relation

50. Returning to the parabola and catenary (Figs. 7 and 8) ; since the tri-

angle FE 6^ = 1 FE . 6m is the increment of the triangle FVE ; and the space

PQ ^ Y = PQ . Q ^ is the increment of the curvilineal space BPQC ; and, since

FE = PQ, and em = (^q, therefore the triangle FEV is half the space BPQC, and

that space is equal to CB x arc PB.

And because the triangles EVF, PQK are similar, EV : VF = PQ : QK. Now
EV = arc PB, and VF = BC ; therefore, in the catenary, the subtangent QK is a

fourth proportional to the arc PB, the parameter BC, and the ordinate PQ,

51. At the points P, p, which are infinitely near, draw PO, po perpendiculars

to the tangents PK, p k ; these will meet at 0, the centre of the circle of curva-

ture at P : and the angle contained by the normals OP, p will be equal to that

contained by the tangents KP, kp at their intersection ; but that angle is equal

to the angle EF e in the parabola, which again is equal to the angle made by the

lines EN, e n, tangents to the parabola at T, their intersection ; therefore, the iso-

sceles triangles PO /?, ET m are similar, and

E m : P/>=:ET : PO, that is, since Pio=E e, Em : Ee= ET : PO ;

Join FN, and because the triangle E em is similar to EFV, which again is similar

to FEN {Conic sections), so that

Em:Ee=EV:EF=EF:NF;

Therefore (since ultimately ET=EN), EN : PO=EN : NF

:

Hence PO, the radius of curvature of the catenary at P, is equal to the line NF

in the parabola : Now F N= -pry- = ^p ; hence it appears that the radius of cur-

vature at any point in a catenary is a third proportional to the parameter, and

an ordinate to the horizontal axis at that point.

51. From the four preceding articles, we derive the following proposition :

Theorem (Figs. 7 and 8).—Let VN be a parabola, of which V is the vertex, and
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F the focus : Let a straight line NE touch the curve at any point N, and

let FE be a perpendicular from the focus on this line : Let z denote the

parabohc arc VN, t the segment NE of the touching line between the point

of contact and perpendicular, and p the perpendicular : Let ABC be a ca-

tenary, of which CQ is the horizontal axis, and BC = a the parameter,

which is equal to FV, one-fourth of the parameter of the parabola : Let

CQ, = X, and PQ =/{x) be co-ordinates at any point P of the catenary :

The parabola and catenary are so related, that if ,v=z—t, then/(^) =p.

52. Suspended bridges are now very common ; and there is a species of bridge

coming into use, the arch of which is convex upward, and formed by uniting several

bended planks with oak trenails ; this kind of bridge is, in some places, carried

across ravines in the line of railways. I know not whether engineers erect these

upon the principle of equilibrium, but I believe it quite possible that such arches

may advantageously have the form of curves of equilibration, with straight road-

ways.

53. The construction of a catenary, also a curve of equilibration, must be

greatly facilitated by a table of co-ordinates of a catenary ; and I have already

stated, that such a table has been actually given by the late Davies Gilbert,

Esq.* The formulae of this memoir give great facilities for the construction of

such tables, and I have computed those here given by the following formulae.

Continuing the notation of art. 39, and assuming the parameter a to be = 1,

we have found

These expressions, by development, give

/(^) =l+y:2^ 1.2.3.4
+
1.2.3.4.5.6

^^"

^^"^=" +t4:3^ 1.2.3.4. 5
•^ 1.2.3.15. 6.7

"^ ^^-

Some of the numbers in the tables were found by these series, as

^w=i+t^^t:to-^^°- '^W'^^m^ 1.2.3. 4.5 + ^°-

•^W=l+ 10^+ 10.20^30.40
+ fa- ^«=Rr+io^r3o + *"-

^(•'*»i)=^+ ioooiTioooo ^ "" ''(«"'i)= vm>* *=«•

* Philosophical Transactions for 1826, Part iii. I have been told that the very ingenious author

of this memoir did not himself compute the numbers, which are almost all incorrect.
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54 The values of/(l.l), F(l.l); /(.ll), F (.11), &c. were found from the

formulae

/(^o + ^-.)=/(0/W + FW F (:r,)
;
r(;r^ +;.0=F(O/W+/W F W-

Thus the first and second terms of a series of values of /(j:') and F (a?) were

obtained ; from these the following terms were deduced, by a formula investi-

gated as follows.

In the formula/(a;^ + A)+/(a;^-A)=2/(a:^)/(A), put x + h instead of <r^, and we

have

Now, /W-l +T3^ 1.2.3.4
+
1.2.3.4.5.6

^^"

Let x=x + h, Xi=x, + h, x3=Xi + h, Sec. be successive values of <r, which go on in-

creasing by differences, each equal to k, and put

Then, from what has been just shewn, we have

and /(«0=/W + {/(^.)-/(^)} + P/W;
)

simUarly, / (^s) =/(«.) + {/W -/(«,) } + P/ (a:.), > («)

and /(^.) =f{x,) + {fix,) -f{x,)} + Vf{x,) , J

Thus, aU the numbers in the series f (x),f {x),f {x^, &c., which follow the first

two, are derived from them simply by subtraction and addition, after the terms

P/(a;,), ^f{x^, P/(«3), have been found. In the computation of the tables, h was

assumed to be 1, or i^, or 4> or iusoo-

Let ^denote any term in the series of values f{x),f{x),f{x^, &c.

When A=l, then P^=;+-g—^+
^

+ &c.

1 p _ ^ t t

When A=j^, ^~^m'^m^7m'^'^^~mT^mT^''
&c.

These series converge very fast, and their terms are readOy found each from

that before it : thus, is found from —^ by dividing the latter by 1200,

and so on.

55. For the corresponding series of arcs of the catenary, we have this for-

mula, F (iTo + /O + F {x^-h)=2f{h) F {xX which, putting x + h for x^, gives

¥ {x-v2h)-v'F {x)=2Y {x + h)f(Ji)

:

Hence, putting x,=x + h,Xi=z,+h, &c., and P for the same series as before,

we have
F(x,) = F(x,)+{F{x,)-Fx] + PF{x:) (^).
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This formula, compared with formulae («) in last article, shews that the arcs

F {X2), F (^3), &c , are to be found from F (x) and F (.3?,), exactly as /{ao^), /{x^),

&c. are fYom.f{x) andy(a7^).

56. As an example, let it be required to find the numeral values of the series

of ordinates/(.2),/(.3),/(.4), &c., and arcs F (.2), F(.3), F (.4), &c. having given

/(0)= 1, /(.I) = 1.005004168; F(0)=0, F(.l) = 100166750

The calculation may stand thus :

/(O) 1.000000000 F(0) 0.000000000

A=/(.l) 1.005004168

/(.l)_/(0) 5004168

B= A 10050042
100

8375

3

C=

100

B
1200

C
3000

a==F(.l) 0.100166750

F(.1)-F(0) .100166750

— 1001668
100

iioo" ^^^

3000 "

6=

€=

A= /(.2) 1.020066756

y(.2)-/(.l) 15062588

ffl=F(.2) 0.201336003

F(.2)-F(.l) .101169253

B=

C=

100

B
1200

C
3000

10200668

8501

6=

<r=

a

loo"

6

1200

c

3000

2013360

1678

A=/(.3) 1.045338516

/(.3)-/(.2) 25271759

B=

C=

100

B
1200

3000

10453385

8711

3

a=F(.3) 0.304520294

F(.3;-F(.2) .103184291

6=

c —

a

Too

h

1200

c

3000

3045203

2538

1

/(.4) I.O8IO72374 F (.4) 410752327

These values of/(.2), /(.3),/(.4), and F (.2), F (.3), F (.4), are true to seven

decimal places. In this way tables I. and II. were constructed ; but the values

were found to more decimal places. Precautions were also used as checks to

bring out ten figm-es correct throughout the whole ; but the principle of calcula*

tion was the same as has been here explained.

57. The Tables which are to foUow require hardly any explanation. In them

all, the parameter, that is/(0), is unity. The first gives the values off{x), F {x)^
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and the angle <p, to a series of values oi x, from .37=0 to r=.01, the common dif-

ference of the values of <r being .0001. The second gives the values of f{x) and

F {x) and <p, from a?=.01 to .r=l, the common difference being .01 ; and farther,

from x=l to <r=5, the common difference being .05. In the third Table, instead

of a series of values of cc increasing by a common difference, there are given the

values of oc,f{oc), and F {oc) to a series of angles (p, increasing by a common differ-

ence of half a degree. In this table the values of x are Neper's logarithms of the

tangents of (45° + ^ 0). The ordinate /(;») is the natural secant, and the arc F

{x) the natural tangent of that angle. These tables, I presume, are sufiicient for

all applications of the catenary to the construction of bridges of suspension and

of equilibration.

58. The second table alone gives the values of the ordinate and arc of the

curve to values of x, which differ by j^o th of the parameter from x = to x = \\

l)ut, by the first and second tables used together, we may find the same to values

of X which differ by m^ih. of the parameter, by the formula for f{x + h), and

F {x + h) : here x expresses the tenths and hundredths of the given value of x, and

h the thousandths and ten thousandths.

As an example, let the values oi f{x) and F {x) be required to x-f A=;.8327 :

In this case,

a:=.83, /a; =1.36468,40133, F (a;)= 0.92863,47270 ;

h= .Om, /(/0= 1.00000,36450 F (/<) 0.00270,00033.

And the formulae for calculation are

f(x^h)=f{x).f{h) + ^(z)¥{JC): V(x + h)= ^(z)f{h)+f{x)¥{h).

We may be satisfied with seven correct figures of the result, then we may neglect

two figures of each tabular number, and, using contracted multiplication, have

/(«)/ (A) =1.36468898 F (a;)/ (A) =0.92863810

F(a;)F(A)= .00250731 /(*) F (A) =0.00270001

/ (.8327)= 1.3671963. F (.8327) 0.9313381.

If, instead of seven, no more decimal places are required than are given of the

value of X (viz. four), we may then take only five figures of the given tabular

numbers, and now we have

/(a;)/ (A) =1.36468 F (a;)/(A) -0.92863

F(a;)F(A)= .00251 /(a:) F (A) =0.00270

/(.8327)= 1.3662. /(.8327)= 0.9313.

From the first and second tables a more extensive one may be formed by

interpolation and prolongation ; indeed it was partly with this view that the num-

l)ers have been carried on to so many places of decimals..



DR WALLACE ON A FUNCTIONAL EQUATION. ^61

Construction of Curves of Equilibeation by the Tables.

59. Various problems may be proposed respecting the construction of a

catenary and equilibrated arches ; but of these, I believe the two which follow

are the most useful.

Problem I.

—

A chain of a given length hangs freely between two points, which

are at a given distance in a horizontal line ; to find the position of its lowest

point, and the parameter of the catenary.

Suppose the chain to be 100 feet in length, and the distance between the

points of suspension to be 60 feet.

Appljdng our notation : in a catenary of which a is the parameter, x the

amplitude oi f{x) an ordinate, and ¥ {x) the corresponding arc of the curve,

there are given x = '^() feet, and F {x) = 50 feet; to find a and/(,2?)-<7.

Assuming o^ to be = 1, the problem requires that a tabular value of x
F (-x) .50

be found, which shall satisfy the condition —5^=^=1.66667. Now, the quan-

tity ——, at first =1, increases continually: and it appears from our second

= 1.63454, and to .^,= 1.85, —^ = 1.67637,

= .03213; and i^ -IM = .04183

.

X. x^

LILV -^ ? "'*' i-iAOU X, xij-^^j. ^:^ci

table, that to a;o = 1.8,
Xo

FW
X ^0 o

Now, as an approximation, the first of these differences will be to the second

nearly as «— aro to x,—x^'.

Therefore, 4183 .^21^ = x-x^-. x-x, =m : x-x^;

3213 X .05
and «-«o=—45^3— = .03841, and a;=1.8 + 03841 =1.83841;

and F(;.)=-^-=3.06402.

This is the tabular value of F {x) when the parameter = 1, but to the parameter

a, we have <r= 1.83841 a, and F (^) =3.06402 «. In the catenary formed by the

50
chain, F {x) = 50 feet; therefore, a= ^naArxo ~ 16.318 feet. Now, when a=l,

f{x) is the secant of an arc 0, of which F (x) is the tangent : therefore,

tan <^= 3.06402, and = 71° 55' 30"; and /(^) = sec 0=3.22308, and/(a?)-l =

2.22308. Hence the distance between the lowest point of the chain and the line

2.22308 X 50
joining the points of suspension, is o obaqo

— ~ 36.277 feet. Now, the para-
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meter of the curve has been found, therefore the curve may be constructed by

co-ordinates either from the table, or by the geometrical construction given in

article 48.

60. The problem may be otherwise solved as follows : Putting a; and /{a;) to

denote the co-ordinates of a tabular catenarian arc, similar to the half of that

formed by the chain, and F (ai) for the tabular arc, the parameter being unity,

let the angle made by a line touching the curve and the horizontal axis be (p

:

Put 2 C for the length of the chain in feet, and 2 D for the distance between its

points of support ; these are, by hypothesis, given numbers.

By the nature of the catenary (art. 39),

X = Nep. log
I

^°
^ ' ^^^

I , and F x =tan
(f)

:

rw,. » . ^ AT , r
tan (45° + ^(p)] x D

Therefore, cot .
Nep. log {—^^^^ }

= jt^^ -^
Now N denoting any number,

Nep. log N : Com. log N = Nep. log 10 : Com. log 10

.

Again, Nep. log 10 = 2.3025851 = ^^^^^ ,

therefore, must satisfy this condition

;

Nat. cot
(t>

Cora, log
|
^^" ^^^^° + ^ *^^

|
= .43429448 ^

.

The value of ^ is to be found by successive trials in the trigonometrical tables.

JD _ 3

C ~ 5

D 3
In the example of this problem — = — ; therefore, the angle ^ must satisfy

this condition

Com.logtan(45o + i0) ^ .2605767
Nat. tan

which is nearly true when ^ = 71° 55'W ; for

log tan (45° + i 0) = tan 80° 57' 45" = .7984515 ;

and Nat. tan = 3.064031

;

and
n^^^^\^ ^ 26059 .^^^ 3.064031

When is known, the things required may be found as by the other method.

61. Problem II.

—

The span and height of an equilibj^ated arch are given : the

roadway over it is to he a straight line : the parameter of the curve, which is

a line equal to its thickness at the crown, is also given : to find the numeral

values of ordinates to the curve.

Let the figure bounded by the straight lines A'E, EF, FH', and the curve
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AT'B'IF, be a section of the arch and the materials of which it is composed.

Assuming the roadway EF for the horizontal axis of

the curve, and CB'D', a perpendicular to EF through

B, the crown of the arch, as the vertical axis;

let CQ = .27, and P'Q = / be co-ordinates at any

point P' of the curve : let a' denote CB' the thick-

ness at the crown, which is the parameter of the

curve ; and let a, a constant line, be its modulus

(see art. 31).

The equation of the curve is

/ = |^jg^+e-^j (Art. 28).y

Let ABH be a catenary whose parameter BC=«

is equal to the modulus of the equilibrated arch

A'B'H'; let the two curves have the same horizontal

axis EF, and their vertical axes CD', CD, in the

same straight line ; and let x = CQ, and y = PQ,

be co-ordinates of the catenary at any point P. Its

equation was found to be

y^ 2"i
^""^^

/

From these equations, it appears (as has been shewn, art. 37), that

y : ^ = a' : a

.

By this property, the ordinates of the curve of equilibration may be found

from those of the catenary ; and for these, there are given in this memoir tables

sufficiently extensive, and more than sufficiently accurate, for all practical pur-

poses.

Before we can employ the tables, however, the numeral value of a, the pa-

rameter of the catenary must be known. Produce A'E, H'F, the ordinates of the

equilibrated arch, until they meet the catenary in A and H.

Put CE (half the span of the arch) = «„ ; A'E (the height of the roadway

above the base of the arch) = y\ ; AE (the distance of the extremity of the cate-

nary from the roadway) = y^. Because a' •.y'^ = a\y^, and that a' and ?/„ are

given, the ratio of a to y^ is given : hence, if a be found, y^ , the ordinate of the

catenary, will be known. Again, because ^=— =/(-^), the tabular value

of the ordinate in a catenary whose modulus is unity, the amplitude being

X if
-2- ; therefore, the value of ^ may be found nearly by the table, just as x was
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found in the last problem ; and thence, — the amplitude of the function/(—} •

Now a;^ is known, therefore a becomes known ; and y^= —4^, the ordinate of the

catenary is known.

Besides this way of finding p^ by the table, there are two direct methods given

in art. 42. From the first of these, considering that — ="^ , we have
a a

^ = (Nep. log 10) X Com. log ^^o+^ll^ln^l .

Now, «' and /„ , and Nep. log 1 = 2.3025851, are given ; therefore — is

given, and <2?„ is also given ; therefore a is given. And since y^^—r yf^\ therefore

y^, either ordinate of the catenary, at the end of the roadway, is given.

By the second method, putting <^ to denote the angle which a straight line

touching the subsidiary catenary at the top of either of its extreme ordinates y^

,

makes with the horizontal axis, we find that angle, and thence a and y^ by these

formulae (to which logarithms are particularly applicable),

cos <P
= ^ =^; ^ = 2.8025851 . Com. log ( ĵ C^^^ + i^) 1 .

In this way, by either method, we determine the catenary whose parameter

is the modulus of the equilibrated arch ; and then, the ordinates of the latter by

those of the former.

Example.—Find co-ordinates of an equilibrated arch A'B'H' (Fig. 9), having

given its span A'H' =100 feet ; its height B'D' = 40 feet ; the thickness at the

crown B' C = 6 feet ; and therefore A'E the height of the roadway above the base

of the arch = 46 feet.*

In this case,

CE=a:„= 50, A'E=y,=46, B'C=o'=6.

Calculation by theJirst formula :

V (
j/'/ - a") = V 2080= 45.6070170,

V (/.'-«-)+/.
^15.267836.

a'

The common logarithm of this number is 1.1837775;

* These are nearly the dimensions of the middle arch of Blackfriars' Bridge, London.
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-^ =2.3025851 X 1.1837775=2.725748 ;

a

^„ =A,. =i^^i^^ =140.6843.

We have now found CB=«, the modulus of the equilibrated curve (which is

also the parameter of the catenary), to be 18.3436 feet, and AE= HF=?/„= 140.6343

feet.

Logarithmw calculation by the secondformula i

Logarithms.

a'= 6 0.7781513

^;=46 1.6627578

—=— = cos (</),= 82° 30' 19") 9.1153935

45° + ^0,= 86°15'9r

<om. log.
^^^"(45°+^0J ^1.1837772 0.0732701

rad

Nep. log 10=2.3025851 0.3622157

^=2.725748 0.4354858
a

x=m feet 1.6989700

«=«_._ ^= 18.343585 1.2634842
a

— =.3270898 9.5146671
a

^ =y _1= 140.6344 2.1480907
a

In the catenary, we have now its parameter a = 18.343585 feet ; and, to

construct it, we may set off from C both ways, in the line EF, distances each

equal to a, and divide each of these into 100 equal parts. If now x denote the

number of these divisions between C and any point in the scale CE, the ordinate

of the catenary at that point will h^y = a .f{x)\ here /(«') denotes the tabular

value of the ordinate whose amplitude is x. The corresponding ordinate of the

equilibrated curve will be a' .f{^), for then y:y' — a\a'. There is, however, no

necessity for actually constructing the catenary ; it is merely subsidiary, and it

has been introduced here only as a geometrical representation of the relation be-

tween the tabular co-ordinates ^ and/(«). We have found its extreme ordinates

VOL. XIV. PART Hi 6 K



^Q DR WALLACE ON A FUNCTIONAL EQUATION.

p^ = af{x^ to be each 140.6343 feet; these have the same amplitude as ?// = 46

feet, the ordinate of the equihbrated curve.

The following Table shews the length of forty-five ordinates at as many
points of the arch on either side of the crown. The first ten stand at equal dis-

tances of 1 .884 feet along the roadway ; the remainder are distant from each by

half that extent, viz. .917.

Co-ordinates of an Equilibrated Arch.

Tabular Co-ordinates Co-ordinates of Arch in Tabular Co-ordinates Co-ordinates of Arch in

of Catenary. Feet. of Catenary. Feet.

X y X y' X y X y'

1.00000 0.000 6.000 1.65 2.69961 .30.267 16.197

.1 1.00500 1.834 6.030 1.70 2.82832 31.184 16.970

.2 1.02007 3.669 6.120 1.75 2.96419 32.101 17.785

.3 1.04534 5.503 6.272 1.80 3.10747 33.018 18.646

.4 1.08107 7.337 6.486 1.85 3.25853 33.936 19.551

.5 1.12763 9.172 6.766 1.90 3.41773 34.853 20..506

.6 1.18547 11.006 7.113 1.95 3.68548 35.770 21.513

.7 1.25517 12.840 7.531 2.00 3.76220 36.687 22.573

.8 1.33743 14.675 8.025 2.05 3.94832 37.604 23.690

.9 1.43309 16.509 8.599 2.10 4.14431 38.522 24.866

I. 1.54308 18.343 9.258 2.15 4..?5067 39.439 26.104
1.05 1.60379 19.261 9.623 2.20 4.66791 40.356 27.407
1.10 1.66852 20.178 10.011 2.25 4.79657 41.273 28.779

].15 1.73741 21.095 10.424 2.30 5.03722 42.190 30.223

1.20 1.81066 22.012 10.864 2.35 5.29047 43.107 31.743

1.25 1.88842 22.929 11.3.30 2.40 5.65695 44.025 33.342

1.30 1.97091 23.847 11.825 2.45 5.83732 44.942 35.024

1.35 2.05833 24.764 12.3.50 2.50 6.13229 45.859 36.794

1.40 2.15090 25.681 12.905 2.55 6.44259 46.776 38.656

1.45 2.24884 26.598 13.493 2.60 6.76901 47.693 40.614

1.50 2.35241 27.515 14.114 2.65 7.11234 48.610 42.674

1.65 2.46186 28.433 14.771 2.70 7.47347 49.528 44.841

1.60 2.57746 29.360 15.465 50.000 46.000

The first two columns of the table express the length of the co-ordinates of

a catenary whose parameter is unity ; these are just the numbers of our second

table. The third column contains the values of the numbers in the first column

reduced to feet, by multiplying each by the number « = 18.343585, and putting

down the results true to thousandth parts of a foot.

The second column, or values of y reduced to feet by multiplying each num-

ber by a, would express the ordinates of the catenary ; and any ordinate {a y) of

the catenary, having to the corresponding ordinate of the equilibrated arch the

ratio of a to a', that is, ay : y' = a: a', it follows that aa' y = aif, and y' = a' y^

Now a! = 6, therefore the numbers in the fourth column are found from those in

the second by multiplying each by 6.

The numbers in this table have the general properties which belong to the
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function f{x) in our catenary tables, so that, if /{x—h), f{x), /{x + h) be three

orclinates whose amphtudes have a common difference h, then

By this formula we may interpolate an ordinate between any two (except the

last two), the formula for bisection being

It will be best to use the tabular amplitudes. Thus, to interpolate an ordinate

between /(2.60) and /(2.65), the difference of whose amplitudes is .05, we have

f{h) =/(.05) = 1.00125,/(^-A)=/(2.60) = 6.76901,/(a; + A)=/(2.65) = 7.1]234:

these numbers substituted in the formula give

3.55617 + 3.38455
f(z)=f (2.625): -6.93203.

1.00125

These numbers reduced to feet, give

X =2.625 X 18.343585=48.152 feet, y= 6.93203 x 6=41.592 feet.

It has been found that the angle cp, which lines touching the curve at the

extreme ordinates of the catenary make with the horizontal axis, is 82° 30'' 19'^

;

and, (j)' denoting the like angle in the arch, we have a : a'= tan : tan (^' (art. 37),

therefore </)'=68° 5' 22'^ Professor Robison, in his Essay on Arch in the Ency-

cloj^cedia Britannica, has taken this arch as an example from Button's Essay on

Bridges ; and he says, " It is by no means deficient in gracefulness, and is abun-

dantly roomy for the i^assage of craft ; so that no objection can be offered against

its being adopted on account of its mechanical excellency." The reader may,

however, form his own opinion as to these qualities from the subjoined diagram,

which represents a vertical section of the arch along its road-way, constructed by

a scale from the table.

Fig. 10.

I believe enough has been done in this memoir to enable engineers properly

instructed in mathematics, to construct arches having the form of equilibrated

curves. The requisite tables now follow.
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Table of Corresponding Values of x, the Abcissa, or Amplitude,f {x) ; the Ordinate

;

F {x), the Arc of a Catenary ; and <p, the Angle which a tangent to the curve

at the top of the ordinate makes with the horizontal axis : The Parameter

being the unit of the numbers by which they are expressed.

Table I.—The Amplitude between ^ = 0, and cz; =^ •.01.

Amp. Ordinate Arc Angl B

X /w F(*) <p

.0000 1.00000 00000 0.00000 00000 0° 0' 0"

.0001 1.00000 00050 0.00010 00000 21

.0002 1.00000 00200 0.00020 00000 41

.0003 1.00000 00450 0.00030 00000 1 2

.0004 1.00000 00800 0.00040 00000 1 23

.0005 1.00000 01250 0.00050 00000 1 43

.0006 1.00000 01800 0.00060 00000 2 4

.0007 1.00000 02450 0.00070 00001 2 24

.0008 1.00000 03200 0.00080 00001 2 45

.0009 1.00000 04050 0.00090 00001 3 6

.0010 1.00000 05000 0.00100 00002 3 26

.0011 1.00000 0G050 0.00110 00002 3 47

.0012 1.00000 07200 0.00120 00003 4 8

.0013 1.00000 08450 0.00130 00004 4 28

.0014 1.00000 09800 0.00140 00005 4 49

.0015 1.00000 11250 0.00150 00006 5 9

.0016 LOOOOO 12800 0.00160 00007 6 30

.0017 1.00000 14450 0.00170 00008 5 51

.0018 1.00000 16200 0.00180 00010 6 11

.0019 1.00000 18050 0.00190 00011 6 32

.0020 1.00000 20000 0.00200 00013 6 53

.0021 1.00000 22050 0.00210 00015 7 13

.0022 1.00000 24200 • 0.00220 00018 7 34

.0023 1.00000 26450 0.00230 00020 7 54

.0024 1.00000 28800 0.00240 00023 8 15

.0025 1.00000 31250 0.00250 00026 8 36

.0026 1.00000 33800 0.00260 00029 8 56

.0027 1.00000 36450 0.00270 00033 9 17

.0028 1.00000 39200 0.00280 00037 9 38

.0029 1.00000 42050 0.00290 00041 9 58

.0030 1.00000 45000 0.00300 00045 10 19

.0031 1.00000 48050 0.00310 00050 10 39

.0032 1.00000 51200 0.00320 00055 11

.0033 1.00000 54450 0.00330 00060 11 21

.0034 1.00000 57800 0.00340 00066 11 41

.0035 1.00000 61250 0.00350 00071 12 2

.0036 1.00000 64800 0.00360 00078 12 23

.0037 1.00000 68450 0.00370 00084 12 43

.0038 1 .00000 72200 0.00380 00091 13 4

.0039 1.00000 76050 0.00390 00099 13 25

.0040 1.00000 80000 0.00400 00107 13 45

.0041 1.00000 84050 0.00410 00115 14 6

.0042 1.00000 88200 0.00420 00123 14 26

.0043 1.00000 92450 0.00430 00133 U 47

.0044 1.00000 96800 0.00440 00142 15 8
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Table I.—continued.

669

Amp. Ordinate Arc Angle

X /w F(x) <!>

.0045 1.00001 01250 0.00450 00152 0° 15' 28"

.0046 1.00001 05800 0.00460 00162 15 49

.0047 1.00001 10450 0.00470 00173 16 10

0048 1.00001 15200 0.00480 00184 16 30
.0049 1.00001 20050 0.00490 00196 16 51

.0060 1.00001 25000 0.00500 00208 17 11

.0051 1.00001 30050 0.00510 00221 17 32

.0052 1.00001 35200 0.00520 00234 17 53

.0053 1.00001 40450 0.00530 00248 18 13

.0054 1.00001 45800 0.00540 00262 18 34

.0055 1.00001 51260 0.00550 00277 18 55

.0056 1.00001 56800 0.00560 00293 19 15

.0057 1.00001 62450 0.00570 00309 19 36

.0058 1.00001 68200 0.00580 00325 19 56

.0059 1.00001 74050 0.00590 00342 20 17

.0060 1.00001 80001 0.00600 00360 20 38

.0061 1.00001 86051 0.00610 00378 20 58

.0062 1.00001 92201 0.00620 00397 21 19

.0063 1.00001 98451 0.00630 00417 21 40

.0064 1.00002 04801 0.00640 00437 22

.0065 1.00002 11251 0.00650 00458 22 21

.0066 1.00002 17801 0.00660 00479 22 41

.0067 1.00002 24451 0.00670 00501 23 2

.0068 1.00002 31201 0.00680 00524 23 23

.0069 1.00002 38051 0.00690 00548 23 43

.0070 1.00002 46001 0.00700 00672 24 4

.0071 1.00002 52061 0.00710 00697 24 25

.0072 1.00002 59201 0.00720 00622 24 45

.0073 1.00002 66451 0.00730 00649 25 6

.0074 1.00002 73801 0.00740 00676 25 26

.0075 1.00002 81251 0.00750 00703 25 47

.0076 1.00002 88801 0.00760 00732 26 8

.0077 1.00002 96451 0.00770 00761 26 28

.0078 1.00003 04201 0.00780 00791 26 49

.0079 1.00003 12052 0.00790 00822 27 10

.0080 1.00003 20002 0.00800 00853 27 30

.0081 1.00003 28052 0.00810 00886 27 51

.0082 1.00003 36202 0.00820 00919 28 11

.0083 1.00003 44452 0.00830 00953 28 32

.0084 1.00003 52802 0.00840 00988 28 53

.0085 1.00003 61252 0.00850 01024 29 13

.0086 1.00003 69802 0.00860 01060 29 34

.0087 1.00003 78452 0.00870 01097 29 65

.0088 1.00003 87202 0.00880 01136 30 15

.0089 1.00003 96052 0.00890 01175 30 36

.0090 1.00004 05003 0.00900 01216 30 56

.0091 1.00004 14053 0.00910 01256 31 17

.0092 1.00004 23203 0.00920 01298 31 38

.0093 1.00004 32453 0.00930 01341 31 58

.0094 1.00004 41803 0.00940 01384 32 19

.0095 1.00004 51253 0.00960 01429 32 40

.0096 1.00004 60804 0.00960 01475 33

.0097 1.00004 70454 0.00970 01521 33 21

.0098 1.00004 80204 0.00980 01569 33 41

.0099 1.00004 90064 0.00990 01617 34 2

.0100 1.00005 00004 0.01000 01667 34 23
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Table II.—The Amplitude between cc = 0, and a; = 1

Amp. Ordinate Arc Angle

X /(^) F(x)
<P

.00 1.00000 00000 0.00000 00000 0° 0' 0"

.01 1.00005 00004 0.01000 01667 34 23

.02 1.00020 00067 0.02000 13334 1 8 45

.03 1.00045 00338 0.03000 45002 1 43 7

.04 1.00080 01067 0.04001 06675 2 17 28

.05 1.00125 02604 0.05002 08359 2 51 49

.06 1.00180 05401 0.06003 60065 3 26 9

.07 1.00245 10006 0.07005 71807 4 27

.08 1.00320 17070 0.08008 53606 4 34 44

.09 1,00405 27345 0.09012 15492 5 8 59

.10 1.00500 41681 0.10016 67500 5 43 12

.11 1.O06O5 C1029 0.11022 19676 6 17 24

.12 1.00720 86441 0.12028 82074 6 51 33

.13 1.00846 19071 0.13036 64762 7 25 39

.14 1.00981 60171 0.14045 77817 7 59 43

.15 1.01127 11096 0.15056 31332 8 33 44

.16 1.01282 73300 0.16068 35410 9 7 43

.17 1.01448 33955 0.17082 00174 9 41 37

.18 1.01624 37873 0.18097 35759 10 15 29

.19 1.01810 43658 0.19114 52319 10 49 17

.20 1.02006 67556 0.20133 60025 11 23 1

.21 1.02213 11530 0.21154 69070 11 56 41

.22 1.02429 77643 0.22177 89063 12 30 17

.23 1.02656 68062 0.23203 32037 13 3 48

.24 1.02893 85057 0.24231 06446 13 37 15

.25 1.03141 30999 0.25261 23168 14 10 38

.26 1.03399 08362 0.26293 92504 14 43 55

.27 1.03667 19725 0.27329 24782 15 17 7

.28 1.03945 67769 0.28367 30354 15 50 14

.29 1.04234 55278 0.29408 19602 16 23 16

.30 1.04533 85141 0.30452 02934 16 56 12

.31 1.04843 60:<52 0.31498 90790 17 29 2

.32 1.05163 84007 0.32548 93636 18 1 46

.33 1.05494 .59309 0.33602 21975 18 34 25

.34 1.05835 89567 0.34658 86339 19 6 57

.35 1.06187 78192 O.357I8 97294 19 39 22

.36 1.06550 28703 0.36782 65442 20 11 42

.37 1.06923 44727 0.37850 01420 20 43 54

.38 1.07307 29993 0.38921 15901 21 16

.39 1.07701 88342 0.39996 19597 21 47 58

.40 1.08107 23718 0.41075 23258 22 19 50

.41 1.08523 40176 0.42158 37675 22 51 34

.42 1.08950 41877 0.43245 73679 23 23 11

.43 1.09388 33091 0.44337 42144 23 54 41

.44 1.09837 18198 0.45433 53187 24 26 2

.45 1.10297 01686 0.46534 20169 24 57 16

.46 1.10767 88152 0.47639 51697 25 28 23

.47 1.11249 82307 0.48749 59625 25 59 21

.48 1.11742 8Ji970 0.49864 55052 26 30 11

.49 1.12247 13071 0.50984 49129 27 52

.50 1.12762 59652 0.52109 53055 27 31 26

.51 1.13289 33869 0.53239 78081 28 1 51

.52 1.13827 40988 0.54,'i75 35509 28 32 7

.53 1.14376 86391 0.55516 36695 29 2 15

.54 1.14937 75573 0.56662 93049 29 32 4
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Table II.—continued.

Amp. Ordinate Arc Angle

X /W F(x) 1>

.55 1.15510 14141 0.57815 16037 30° 2' 4"

.56 1.16094 07821 0.58973 17182 30 31 45

.57 1.16689 62451 0.60137 08064 31 1 17

.58 1.17296 83987 0.61307 00321 31 30 40

.59 1.17915 78501 0.62483 05653 31 59 54

.60 1.18546 52182 0.63665 35821 32 28 59

.61 1.19189 11339 0.64854 02649 32 57 55

.62 1.19843 62397 0.66049 18021 33 26 40

.63 1.20510 lltlOl 0.67250 93891 33 55 16

.64 1.21138 66517 0.68459 42276 34 23 43

.65 1.21879 33029 0.69674 75261 34 52

.66 1.22582 18344 0.70897 04999 35 20 8

.67 1.23297 29492 0.72126 43714 35 48 6

.68 1.24024 73623 0.73363 03699 36 15 54

.69 1.24764 58012 0.74606 97321 36 43 32

.70 1.25516 90056 0.75858 37018 37 11

.71 1.26281 77281 0.77117 35306 37 38 18

.72 1.27059 27333 0.78384 04773 38 5 27

.73 1.27849 47989 0.79658 58088 38 32 25

.74 1.28652 47150 0.80941 07995 38 59 14

.75 1.29468 32847 0.82231 67319 39 25 52

.76 1.30297 13238 0.83530 48967 39 52 20

.77 1.31138 96P10 0.84837 65927 40 18 38

.78 1.31993 91384 0.86153 31271 40 44 46

.79 1.32862 06108 0.87477 58155 41 10 43

.80 1.33743 49463 0.88810 59822 41 36 31

.81 1.34638 30265 0.80152 49602 42 2 8

.82 1.35546 57460 0.91503 40915 42 27 35

.83 1.36463 40133 0.92863 47270 42 52 51

.84 1.37403 87501 0.94232 82267 43 17 67

.85 1.38353 08919 0.95611 59600 43 42 53

.86 1.39316 13880 0.96999 93057 44 7 39

.87 1.40293 12014 0.98397 96521 44 32 15

.88 1.41284 13091 0.99805 83974 44 56 40

.89 1.42289 27020 1.01223 69493 45 20 54

.90 1.43308 63854 1.02651 67257 45 44 59

.91 1.44342 33787 1.04089 91547 46 8 53

.92 1.45390 47155 1.05538 56744 46 32 37

.93 1.46453 14440 1.06997 77336 46 56 10

.94 1.47530 46268 1.08467 67915 47 19 34

.95 1.48622 53414 1.00948 43179 47 42 47

.96 1.49729 46797 1.11440 17937 48 5 49

.97 1.50851 37487 1.12043 07106 48 28 42

.98 1.51988 36704 114457 25715 48 51 24

.99 1.53140 55817 1.16982 88906 49 13 56

1.00 1.54308 06348 1.17520 11936 49 36 18

1.05 1.60379 44336 1.25385 66845 51 25 35
1.10 1.66851 85538 1.33564 74701 53 10 40
1.15 1.73741 48395 1.42077 8O702 54 51 39
1.20 1.81065 55673 1.50946 13554 56 28 34

1.25 1.88842 38772 1.60191 90803 58 1 32
1.31) 1.97091 42303 1.69838 24373 51 30 38
1.35 2.05833 28957 1.78909 26350 60 55 59
1.40 2.15089 84654 1.90430 15014 62 17 41
1.45 2.24884 24016 2.01427 21135 63 35 51
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Table. II.—continued.

Amp. Ordinate Arc Angle

X /(«) F(«) <>

1.50 2.35240 96152 2.12927 94551 64° 50' 36"
1.55 2.46185 90782 2.24961 11044 66 2 2
1.60 2.57746 44712 2.37556 79532 67 10 17
1.65 2.69951 48679 2.50746 49593 68 15 27
1.70 2.82831 54579 2.64563 19338 C9 17 40

1.75 2'96418 83097 2.79041 43663 70 17 2
1.80 3.10747 31763 2.94217 42881 71 13 40
1.85 3.25852 83445 3.10129 11781 72 7 42
1.90 3.41773 15308 3.26816 29115 72 59 13
1.95 3.58548 08261 3.44320 67545 73 48 19

2.00 3.76219 56911 3.62686 04078 74 35 8
2.05 3.94831 80049 3.81958 31014 75 19 44
2.10 4.14431 31704 4.02185 67422 76 2 14
2.15 4.35067 12775 4.23418 71197 76 42 42
2.20 4.56790 83289 4.45710 51705 77 21 16

2.25 4.79656 75305 4.69116 83059 77 58
2.30 5.03722 06493 4.93696 18055 78 32 58
2.35 5.29046 94435 5.19510 02813 79 6 16
2.40 5.55694 71670 5.46622 92137 79 37 58
2.45 5.83732 01529 5.75102 65664 80 8 9

2.50 6.13228 94797 6.05020 44810 80 36 53
2.55 6.44259 27243 6.36451 10583 81 4 14
2.60 6.76900 58066 6.69473 22284 81 30 16
2.65 7.11234 49292 7.04169 37162 81 55 2
2.70 7.47346 86188 7.40626 31061 82 18 37

2.75 7.85327 98727 7.78935 20115 82 41 4
2.80 8.25272 84169 8.19191 83542 83 2 25
2.85 8.67281 30807 8.61496 87599 83 22 44
2.90 9.11458 42947 9.05956 10747 83 42 4
2.95 9.57914 67171 9.52680 70112 84 28

3.00 10.06766 19958 10.01787 49274 84 17 58
3.05 10.58135 16735 10.53399 27491 84 34 38
3.ia 11.12150 02419 11.07645 10395 84 50 28
3.15 11.68945 83539 11.64600 62270 85 5 33
3.20 12.28664 62005 12.24588 39966 85 19 54

3.25 12.91455 70625 12.87578 28547 85 33 32
3.30 13.57476 10440 13.53787 78766 85 46 32
3.35 14.26890 89989 14.23382 46448 85 58 53
3.40 14.99873 66587 14.96536 33887 86 10 38
3.45 15.76606 89726 15.73432 33362 86 21 48

3.50 16.57282 46711 16.54262 72876 86 32 26
3.55 17.42102 10636 17.39229 64240 86 42 33
3.60 18.31277 90831 18.28545 53606 86 52 11

3.65 19.25032 85889 19.22433 74601 87 1 20
3.70 20.23601 39433 20.21129 04168 87 10 3

3.75 21.27229 98730 21.24878 21271 87 18 20
3.80 22.36177 76326 22.33940 68607 87 26 13
3.85 23.50717 14840 23.48589 17476 87 33 43
3.90 24.71134 55085 24.69110 35970 87 40 51
3.95 25.97731 07683 25.95805 60665 87 47 38

4.00 27.30823 28360 27.28991 71971 87 54 5
4.05 28.70743 97100 28.69001 73354 88 13
4.10 30.17843 01364 30.16185 74610 88 6 4
4.15 31.72488 23573 31.70911 79408 88 11 37
4.20 33.35066 33089 33.33566 77321 88 16 54
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Table IL—continued.

673

Amp. Ordinate Are Angle

a- .n^) FW <P

4.25 35.05983 82903 35.04557 40564 88° 21' 56"
4.30 36.85668 11293 36.84311 25703 88 26 43
4.35 38.74568 48689 38.73277 80563 88 31 16
4.40 40.73157 30024 40.71929 56625 88 35 36
4.45 42.81931 12846 42.80763 27176 88 39 42

4.50 45.01412 01485 45.00301 11520 88 43 37
4.55 47.32148 77597 47.31092 05553 88 47 20
4.60 49.74718 37388 49.73713 19031 88 50 53
4.65 52.29727 35895 52.28771 19876 88 54 16
4.70 54.97813 38646 54.96903 85875 88 57 27

4.75 57.79646 81112 57.78781 64160 89 31
4.80 60.75932 36329 60.75109 38868 89 3 25
4.85 63.87410 91118 63.86628 07342 89 6 11
4.90 67.14861 31340 67.14116 65509 89 8 48
4.95 70.59102 36652 70.58394 02563 89 11 18

5.00 74.20994 85248 74.20321 06778 89 13 41

Table III.

Angle Amplitude Ordinate Arc

<P
X /(^) ¥{x)

0° 00' 0.00000 00000 1.00000 00000 0.00000 00000
30 0.00872 67570 1.00003 80784 0.00872 68678

1 00 0.01745 41787 1.00016 23280 0.01746 60649
1 30 0.02618 29299 1.00034 27925 0.02618 59216
2 00 0.03491 36760 1.00060 96443 0.03492 07695

2 30 0.04364 70831 1.00095 26852 0.04366 09429
3 00 0.05238 38186 1.00137 23460 0.05240 77793
3 30 0.06112 45507 1.00186 86871 0.06116 26202
4 00 0.06986 99494 1.00244 18981 0.06992 68119
4 30 0.07862 06866 1.00309 21985 0.07870 17068

5 00 0.08737 74360 1.00381 98375 0.08748 86635
5 30 0.09614 08736 1.00462 50947 0.09628 90482
6 00 0.10491 16783 1.00550 827«6 0.10510 42353
6 30 0.11369 05314 1,00646 97327 0.11393 56083

7 00 0.12247 81177 1.00750 98255 0.12278 45609

7 30 0.13127 51251 1.00862 89606 0.13165 24976
8 00 0.14008 22452 . 1.00982 75725 0.14054 08347
8 30 0.14890 01736 1.01110 61279 0.14945 10013
9 00 0.15772 96102 1.01246 51258 0.15838 44403
9 30 0.16657 12592 1.01390 50985 0.16734 26091

10 00 0.17542 58297 1.01542 66119 0.17632 69807
10 30 0.18429 40358 1.01703 02658 0.18533 90449
11 00 0.19317 65972 1.01871 66960 0.19438 03091
11 30 0.20207 42390 1.02048 65693 0.20345 22994
12 00 0.21098 76926 1.02234 05949 0.21255 65617

12 30 0.21991 76954 1.02427 95143 0.22169 46626
13 00 0.22886 49917 1.02630 41078 0.23086 81911

13 30 0.23783 03328 1.02841 51937 0.24007 87591
14 00 0.24681 44770 1.03061 36293 0.24932 80028
14 30 0.25581 81906 1.03290 03122 0.25861 75844
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Table III.—continued.

Angle Amplitude.

X

Ordinate Arc

15° 00'

15 30
16 00
16 30

17 00

17 30

18 00
18 30
19 00
19 30
20 00

20 30
21 GO
21 30
22 00
22 30

23 00
23 30
24 00
24 30
25 00

25 30
26 00
26 30

27 00

27 30

28 00
28 30
29 00
29 30
30 00

30 30
31 00
31 30
32 00
32 .30

33 00
33 30
34 00
34 30
35 00
35 30

36 00
36 30

37 00

37 30
38 00

38 30
39 00
39 30
40 00
40 30

41 00
41 30
42 00
42 30

0.26484

0.27388
0.28295
0.29204

0.30115
0.31029

0.31945
0.32864

0.33786
0.34710

0.35637

0.36568

0.37501

0.38437

0.39377
0.40319

0.41266

0.42216
0.43169
0.44126

0.45087

22478
74309
45314
43497
76955
53887

82595
71486
29081
64016
85047

01057
21059
54199
09765
97192

26063
06120
47267
59578
53300

43 00

0.46052 38861
0.47021 26880
0.47994 28170
0.48971 53744
0.49953 14828

0.50939 22864
0.51929 89520
0.52925 26697
0.53925 46539
0.54930 61443

0.55940 84066
0.56956 27333
0.57977 04456
0.59003 28932
0.60035 14564

0.61072 75468
0.62116 26087
0.63165 81199
0.64221 55937
0.65283 65797
0.66352 26654

0.67427 54776
0.68509 66843
0.69598 79958
0.70G95 11666
0.71798 79976

0.72910 03371
0.74029 00835
0.75155 91871
0.76290 96521

0.77434 35388

0.78586 29665
0.79747 01154
0.80916 72292
0.82095 66185
0.83284 06629

1.03527

1.03774
1.04029

1.04294

1.04569

1.04852

1 05146
1.05449

1.05762

1.06084

1.06417

1.06760

1.07114

1.07478

1.07853

1.08239

1.08636

1.09044
1.09463

1.09894

1.10337

61804
22140
94359
89127
175r;5

91251

22242
23081
06812
86996
77725

93637
49336
62405
47427
22003

03774
11041

62785
78C95
79190

1.10792 85441
1.11260 19405
1.11740 03848
1.12232 62376
1.12738 19469

1.13257 00507
1.13789 31812
1.14335 40679
1.14895 55416
1.15470 05384

1.16059 21038
1.16663 33972
1.17282 76966
1.17917 84034
1.18568 90474

1.19236 32928
1.19920 49433
1.20621 79485
1.21340 64101
1.22077 45888
1.22832 69112

1.23606 79775
1.24400 25694
1.25213 56582

1.26047 24140
1.26901 82151

1.27777 86575
1.28675 95659
1.29596 70046
1.30540 72893
1.31508 69999

1.32501 29933
1.33519 24182
1.34563 27296
1.35634 17049

1.36732 74611

0.26794

0.277.32

0.28674
0.29621

0.30573
0.31529

0.32491

0.33459

0.34432
35411

0.36397

0.37388
0.38386
0.39391

0.40402

0.41421

0.42447
0.43481

0.44522
0.45572

0.46630

91924
4.5441

53857
34950
06815
87889

96962
53195
761.33

85725
02343

46795
40350
04756
62258
35624

48162
23750
86853
62555
76582

0.47697 55327
0.48773 25886
0.49858 16081

0.50952 54495
0.52056 70506

0.53170 94317
0.54295 56996
0.55430 90515
0.56577 27782
0.57735 02692

0.58904 50164
0.60086 06190
0.61280 07881
0.62486 93519

0.03707 02608

0.64940 75932
0.66188 55612

0.67450 85168
0.68728 09586
0.70020 75382
0.71329 30679

0.72654 25280
0.73996 10750

0.75355 40501
0.76732 69880
0.78128 56265

0.79543 59167
0.80978 40332
0.82433 63858
0.83909 96312
0.85408 06855

0.86928 67378
0.88472 52646
0.90040 40443
0.91633 11740
0.93251 50861
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Table III—continued.

Angle Amplitude Ordinate Arc

<? X /W FW

43° 30' 0.84482 18144 1.37859 84727 0.94896 45667
44 00 0.85690 26008 1.39016 35910 0.96568 87748
44 30 0.8690f? 56286 1.40203 20649 0.98269 72631
45 00 0.88137 35870 1.41421 35624 1.00000 00000
45 30 0.89376 92515 1.42671 81944 1.01760 73930

46 00 0.90627 54877 1.43955 65396 1.03553 03138
46 30 0.91889 52558 145273 96713 1.05378 01253
47 00 0.93163 16148 1.46627 91856 1.07236 87100
47 30 0.94448 77273 1.48018 72329 1.09130 85011
48 00 0.95746 68645 1.49447 65499 1.11061 25148

48 30 0.97057 24115 1.50916 04951 1.13029 43864
49 00 0.98380 78727 1.52425 30867 1.15036 84072
49 30 0.99717 68780 1.53976 90432 1.17084 95601
50 00 1.010C8 31887 1.55572 38269 1.19175 35926
50 30 1.02433 07047 1.57213 36907 1.21309 70041

51 00 1.03812 34713 1.58901 57291 1.23489 71565
51 30 1.05206 56868 1.60038 79323 1.25717 22989
52 00 1.06016 17106 1.02426 92455 1.27994 16322
52 30 1.08041 60719 1.64207 96317 1.30322 53728
53 00 1.09483 34789 1.66164 01411 1.32704 48216
53 30 1.10941 88281 1.08117 29851 1.35142 24379

54 00 1.12417 72157 1.70130 16167 1.37638 19205
54 30 1.13911 39479 1.72205 08182 1.40194 82945
55 00 1.15423 45536 1.74344 67956 1.42814 80067
65 30 1.16954 47968 1.70551 72821 1.45500 90287
56 00 1.18505 06905 1.78829 10500 1.48526 09685

56 30 1.20075 85119 1.81180 10327 1.51083 51936
57 00 1.21667 48179 1.83007 84588 1.53986 49638
57 30 1.23280 64623 1.80115 89967 1.56968 55771
58 00 1.24916 06146 1.88707 99148 1.60033 45290
58 30 1.20574 47797 1.91388 08554 1.63185 16871

59 00 1.28256 68194 1.94100 40264 1.60427 94824
59 30 1.29963 49759 1.97029 44112 1.69766 31193
60 00 1.31695 78969 2.00000 00000 1.73205 08076
60 30 1.33454 46628 2.03077 20447 1.76749 40162
61 00 1.35240 48107 2.00266 53396 1.80404 77553

61 30 1.37054 83962 2.09573 85325 1.84177 08860
62 00 1.38898 5:i689 2.13005 44682 1.88072 64653
62 30 1.40772 86705 2.16508 05702 1.92098 21270
03 00 1.42678 82466 2.20208 92646 1.96261 05055
63 30 1.44617 70984 2.24115 84517 2.00568 97083

64 00 1.46590 83325 2.28117 20327 2.05030 38416
64 30 1.48599 58102 2.32282 04973 2.09654 35991
65 00 1.50645 42373 2.36020 15832 2.14450 69205
65 30 1.52729 91712 2.41142 10147 2.19429 97312
66 00 1.54854 71535 2.45859 33356 2.24603 67739

66 30 1.57021 57012 2.50784 28464 2.29984 25472
67 00 1.59232 37024 2.55930 46652 2.35585 23058
67 30 1.61489 09162 2.61312 59298 2.41421 35624
68 00 1.03793 86825 2.66946 71626 2.47508 68534
68 30 1.60148 97465 2.72850 38278 2.53864 78957

69 00 1.68556 84559 2.79042 81096 2.60508 90647
69 30 1.71020 09159 2.85545 09514 2.67462 14939
70 00 1.73541 51027 2.92380 44002 2.74747 74195
70 30 1.76124 13593 2.99574 43124 2.82391 28856
71 00 1.78771 20107 3,07155 34868 2.90421 08777
71 30 1.81486 22443 3,15154 53045 2.98868 49027



676 DR WALLACE ON A FUNCTIONAL EQUATION,

Table III.—continued.

Angle Amplitude Ordinate Are

P X /W F(x)

72° 00' 1.84273 00347 3.23606 79775 3.07768 35372
72 30 1.87135 65893 3.32550 95234 3.17159 48024
73 00 1.90078 66900 3.42030 36198 3.27085 26185
73 30 1.93106 91274 3.52093 65221 3.37594 34226
74 00 1.96225 71940 3.62795 52785 3.48741 44438
74 30 1.99440 92565 3.74197 75358 3.60588 35088

75 00 2.02758 94218 3.86370 33052 3.73205 08076
75 30 2.06186 83153 3.99392 91629 3.86671 30949
76 00 2.09732 39967 4.13356 54944 4.01078 09335
76 30 2 13404 30420 4.28365 75697 4.16529 97701
77 00 2.17212 18296 4.44541 14826 4.33147 58743

77 30 2.21166 80792 4.62022 63153 4.51070 85037
78 00 2.25280 27044 4.80973 43447 4.70463 01095
78 30 2.29566 20607 5.01585 17363 4.91515 70311
79 00 2.34040 06925 5.24084 30642 5.14455 40160
79 30 2.38719 47201 5.48740 42660 5.39551 71743

80 00 2.43624 60537 5.75877 04831 6.67128 18196
80 30 2.48778 76890 6.05885 79567 5.97576 43644
81 00 2.64209 04361 6.39245 32215 6.31375 15147
81 30 2.59947 15731 6.76546 90751 6.69115 62383
82 00 2.66030 61276 7.18529 65343 7.11536 97224

82 30 2.72504 18020 7.66129 75755 7.69575 41127
83 00 2.79421 90579 8.20550 90481 8.14434 64280

.

83 30 2.86849 86556 8.83367 14720 8.77688 73569
84 00 2.94870 02391 9.56677 22.335 9.51436 44542
84 30 3.03585 77506 10.43343 05246 10.38539 70801

85 00 3.13130 13316 11.47371 32457 11.43005 23028
85 30 3.23678 25219 12.74549 48432 12.70620 47362
86 00 3.35467 35124 14.33558 70262 14.30066 62567
86 30 3.48830 01458 16.38040 82394 16.34985 54761
87 00 3.64253 33573 19.10732 26093 19.08113 66877

87 30 3.82492 47412 22.92558 56261 22.90376 55484
88 00 4.04812 54187 28.65370 83478 28.63625 32829
88 30 4.33585 19194 38.20155 00141 38.18845 92970
89 00 4.74134 87604 57.29868 84986 57.28996 16308
89 30 5.43451 49799 114.59301 34801 114.58865 01293
90 00 Infinite. Infinite. Infinite.
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Documents sur les Dykes de Trap d'une partie de VEe d'Arran. Par

Mons. L. A. Necker. (PI. XXIII.)

(Presented 20th April 1840.)

Principaux Resultats de Vexamen des Dykes de Trap de la partie orientale et

centrah d'Arran, entre Loch Ranza et King's Cross Point.

AvANT de parler des dykes contenus dans la portion d'Arran au midi de la

baye de Lamlash, portion que, vu 1'augmentation du nombre des dykes et le peu

de temps que j'avois a donner a leur etude, je n'ai pu examiner que tres rapide-

ment et incompletement, je vais rassembler ici en une sorte de resum^, les re-

sultats generaux de I'examen des faits consignes dans les tableaux suivants.

\o- Les dykes se prolongent presque toujours dans une direction rectiligne, a

I'exception des dykes 8 et 9 qui se ramifient, des Nos. 35, 37, 38, 101, et 102, qui

se courbent ou ont une direction ondoyante, et des Nos. 2 et 40, qui se courbent h

angle droit de leur premiere direction.

2o- Les dykes ont generalement leurs deux cotds paralleles, a I'exception

aussi des Nos. 8 et 9, qui ressemblent a de simples veines.

3o- lis ne sont s^pares par aucune lisiere des roches qu'ils traversent, excepte

encore les 8 et 9, qui ont par place des lisieres d'argile rouge.

4o- lis sont en general formes d'une seule espece de roclie, sauf les dykes com-

poses comme celui de Kidvoe, 55, qui est au milieu de pechstein, borde des deux

cotes d'argilolite, et a la partie exterieure de trap egalement des deux cotes ; et

comme le dyke tres compliqu^, si tant est qu'on doive le regarder comme un seul

dyke, celui qui est dans le petit ruisseau a la croisde des routes de Lamlash et des

Corygills, forme de lits verticaux altemativement de grunstein et de porph3rre

argilolitique, ^numeres entre les Nos. 84 a 89 inclusivement.

5"- Tons les dykes sont verticaux, ou se devient au plus de 20° de la ver-

ticale.

QO' II y en a plusieurs qui sont tres rapproches et paralleles, tels que 15 et

16 ; 17 et 18 ; 19 et 20 ; 3 et 4, qui le sont aussi avec 5 et 6 ; 44 et 45 ; 47 et 48 ;

54 et 55 ; 113 et 114 ; 128 et 129 ; 131 et 132.

7"- II est de vrais dykes qui pourtant sont paralleles au couches traversees,
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mais ils sont fort rares, et ne se voyent que dans des couches inclinees au moins de

50°, et seulement dans les gres rouges les plus anciens. Je n'en connois d'exemples

que les Nos. 69 et 70, et peut-etre 12 ? qui est douteux.

80- Je n'ai trouve qu'un seul dyke qui proc^dat ^videmment d'une couche de

trap superieure, le No. 29 : cependant, d'apres les nombreuses observations que

j'ai faites a cet egard, particulierement a Skye, il me paroit indubitable que tous

les dykes d'Arran ont du une fois aboutir a des couches semblables, mais ces

couches auront du etre detruites en tout ou en tres grande partie, par Taction

des elements, dans I'immense intervalle de temps qui s'est ecoule entre I'dpoque

actuelle et celle ou se deposoient les gres houillers et les gres rouges nouveaux,

dont les vraies couches de trap dans I'ile d'Arran paroissent contemporaines.

9"- Les seuls dykes de pechstein que j'ai vus sont les Nos. 58 et 59, et celui

qui fait partie du dyke compost de Kidvoe, No. 55. lis sont tous dans le granite.

lOo- Les dykes d'argilolite (claystone) sont aussi tres pen abondants
;
je n'ai

remarque que celui du sommet de Goatfield 43, ceux du dyke compose de Kid-

voe 55 (dans le granite), ceux de la cote entre Lamlash et King's Cross Point

136, 144, et 149 ; enfin ceux qui sont entre les dykes de grunstein de 84 a 89, a

la croisee des routes de Lamlash et des Corygills vers Brodick, si tant est pourtant

que ces masses de porphyre argilolitique soient reellement des dykes. Tous ces

derniers sont dans le gres rouge nouveau. Malgr^ la raret^ des dykes de pech-

stein et d'argilolite, on voit un grand nombre de fragments epars de ces deux

roches sm' les pentes de plusieurs montagnes granitiques, oil il est impossible de

les trouver en place, ce qui doit faire presumer que Taction des Clemens a dfi de-

truire non seulement les filons dont ces fragments faisoient partie, mais aussi

les masses de granite que ti-aversoient ces filons.

llo- Les dykes aupres desquels j'ai observd de Tendurcissement dans les

couches traversees sont, les Nos. 22, 29, 40, 90, 93, 95, 99, 104, 105, 112, 115,

130, 133, 142, 143, 147.

12"- Ceux aupres desquels j'ai positivement remarqud qu'il n'y avoit pas

d'endurcissement, sont les Nos. 29, 30, 35, 39.

13"- Je n'ai vu aucun dyke dans le granite, ni dans le mica-schiste ou talc-

schiste, alterer ni endui-cir ces roches a la jonction. Le Dr MacCulloch avoit

deja fait la meme remarque pour le granite. ( Western Islands, t. ii. p. 413.)

Malgre ce qui vient d'etre dit dans les deux derniers paragraphes, on ne feroit

pas une juste appreciation de Teffet des dykes sur les roches traversees, si Ton ne

tenoit compte que des cas dans lesquels Tendurcissement est patent et remar-

quable. Dans les d3'^kes creux la seule circonstance que les murs de gres ou de

granite qui forment les parois de la fente, conservent leurs surfaces planes et ver-

ticales comme les murs des canaux, prouve par ce fait seul un leger endurcisse-

ment, sans lequel ces portions la auroient, apres la destruction du trap, eprouve

les memes sillonements, les memes arrondissements, produits de Taction des-
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elements ou des vagues de la mer, que les parties voisines des memes masses de

gr^s ou de granite.

14p- Les dykes aupres desquels j'ai observe que le gres rouge traverse ^toit

devenu Wane sont les Nos. 37, 40, 82, 83, 104, 112, 115, 133.

l^o- Ceux aupres desquels j'ai positivement remarque qu'il n'y avoit eu

aucun changement dans la couleur du gres rouge, sont les Nos. 29, 35, 39, 72,

75, 124.

16"- Les tres larges dykes ne se trouvent que sur les cotes; ceux de I'int^-

rieur (sans celui de 50 pieds dans le Glen Cloy Burn, No. 71), et surtout ceux du

groupe granitique, sont pen ^pais.

] 7<'- Les plus longs dykes courent en general N. et S. presque vrai, tels que

le grand dyke 116, et son correspondant de 1'autre cot^ de la baye 34; tel que le

long dyke 122 sur la cote entre Corygills et Clacliland Point ; tel enfin que les

dykes 49, 51, 52, et 53, qui se montrent dans les prolongemens les uns des autres

dans le fond de la vallee ou Glen Rosa dans toute son etendue, puis sur le col qui

separe ce glen du Glen Sannox, et puis se remontrent encore au-dela de ce dernier

glen, dans la remarquable et singuliere fissure par laquelle la crete orientale de

Ceim-na-Caillich * est traversee de part en part. II rae paroit indubitable que ces

divers dykes ne sont que des portions separees d'un seul et meme dyke, long de

plusieurs milles, et dont la decomposition a bien pu determiner 1'existence du Glen

Rosa, comme elle a determine la fente de Ceim-na-Caillich.

IS"- Depuis Corygills a Lamlash les dykes manifestent une tendance tou-

jours plus marquee a devenir saillants, et entre Clachland Point et Lamlash ils le

sont tons plus ou moins, ainsi que dans toute la cote plus au sud. Or c'est sur-

tout au sud de Corygills que le gres rouge nouveau et ses marnes dominant. Par-

tout ailleurs les dykes sont en general plutot creux que saillants.

19"- On remarquera qu'en general il y a partout deux series distinctes de

dykes, dont I'une est perpendiculaire a I'autre ou a pen pres telle, et que sur les

rivages I'une de ces series est a pen pres parallel e, tandis que I'autre est a pen

pres perpendiculaire a la c6te.

200- Les dykes sont plus nombreux sur les cotes que dans I'interieur des ter-

ras; ils sont aussi plus nombreux vers le midi que vers le nord de I'ile. Cela

* Cette curieuse fente a attire des les plus anciens temps I'attention des habitans d'Arran, et c'est

a elle qu'a ete donne le noni de Ceim-na-Caillich (Cime de la Sorciere), qu'on a plus tard transfere a la

sommite culminante plus a I'ouest. Mr He adrick a rappele I'histoire de cette sorciere telle que 1' a trans-

mise la tradition, pour expliquer I'origine de cette fissure. On a peine a reconnoitre sous cette ignoble

image, les nobles et poetiques idees dont les Chants d'Ossianont imbu ses descendants les bergers de ces

sauvages montagnes. Mais si nous pouvions croire que sous Tembleme da la sorciere, on ait voulu de-

signer les nuages qui reposent presque sans cesse sur ces monts et les torrents d'eau qui les echappent,

I'explication des anciens Celtes d'Arran seroit alors la plus conforme aux doctrines de la geologic la plus

nioderne et la plus avancee.



QQQ M. NECKER SUR LES DYKES DE TRAP

vient probableraent dans les deux cas, de ce que c'est dans les terrains les plus re-

cents que les dykes sont les plus nombreux ; or la portion la plus moderne du ter-

rain houiller et le gres rouge nouveau, abondent plus sur les cotes que dans I'int^-

rieur, et plus au midi qu'au nord. Le nombre des dykes augmente ainsi avec la

nouveaute des terrains. Le granite en contient plus que les schistes micaces et

talqueux, ou ils sont en general fort rares. Je n'en ai pas vu un seul dans la

longue cote entre Sannox (north) et Corrie, cote toute occup^e par les couches du

gr^s rouge ancien et les plus anciennes du terrain houiller. Je n'en ai observe

qu'un ou deux dans les gres rouges anciens des environs de Brodick. Et Ton en

trouve infiniment plus dans les gres rouges nouveaux que dans le terrain houiller.

C'est cependant peut-etre moins I'anciennete elle-meme des terrains, que les cir-

constances dependantes de leur structure et de leur consolidation qui paroissent

avoir eu la plus grande influence sur la quantite des dykes.

Si, comme une comparaison attentive des faits que renferme cette notice, avec

les belles et remarquables observations de Mr Milne dans le bassin-houiller d'

Edimbourg, et les details curieux donnds par Mr Landale sur celui du comte de

Fife, sembleroit le faire penser, les dykes ne sont que des failles occupies et

agrandies par le trap en fusion, qui couloit dans ces fentcs, on pourroit aisement

concevoir comment dans certains terrains, d'une nature et d'une consistance par-

ticuliere, et dans certaiues cu'constances, il ait pu se produire plus de failles que

dans d'autres.

Vue generale des Dykes de la portion meridionale d^Arran.

Ici, vu la rapidite de ma marche, le nombre beaucoup plus considerable de

dykes et souvent leur grande complication, je suis force pour le present a me
bonier a un simple et tres general aper9U, produit d'une reconnoissance super-

ficielle.

Au midi du King's Cross Point commence le Whiting Bay ; les rivages sont

toujours formes des gr^s et des marnes du gres rouge nouveau
;
plus de 40 dykes

de basalte et de grunstein les traversent, dans plusieurs directions, dont la prin-

cipale m'a paru comme ailleurs en general presque perpendiculaire a la cote. J'y

ai remarque entre autres un groupe de quatre ou cinq longs dykes qui convergent

et se reunissent en un point vers le SE., tandis que peu avant cette reunion ils

sont tons traverses par un long dyke dirige a peu pres N. vrai. Plus loin deux

dykes, de 6 a 8 pieds de large, ferment par leur intersection un croix de St Andre,

I'un etant dirige h peu pr^s NO. 1'autre a peu pres NE.

Plus au midi la point de Largiebeg est encore de gres rouge nouveau, coup^

de nombreux dykes. Immediatement apres paroit une tr^s ^paisse couche de

grunstein ou syenite a gros grains, qui descend des montagnes vers la mer et

forme les Dipping Rocks. Elle repose en stratification parallele sur des marnes et
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des gres rouges, qui pourroient bien appartenir au terrain houiller. Ces gr^s

recouvrent eux-meraes une seconde couche inferieure dc grimstein a grain fin, ou

de klingstein, qui forme le plateau eleve de Kildonan. Plus bas que ce plateau

regnent sur le rivage des gres rouges et des marnes, traversees par des dykes

larges de 10 k 25 pieds. Plusieurs sous Kildonan sont diriges N. et N. 10° E.

magnetique. On peut compter plus a Test, jusque vers le hameau de Portlick, au

moins 9 a 10 dykes, de 10 a 20 pieds de large, separes par des espaces de gres

rouge, et diriges entre le NE. et la N. 20° 0, magn. Deux d'entreux diriges NE,

magn. et trois N. 20° 0. magn. s'avancent au loin dans la mer comme de longues

jetees. Plusieurs dykes traversent aussi la masse ou couche de klingstein de

Kildonan. Le rivage sous Portlick est de marne violette foncee, traversee par en-

viron 7 dykes, seulement de 1 a 8 pieds de large, verticaux et courants N 20° 0.

Trois ou quatre entre eux s'avancent dans la mer. L'un d'eux est coupe par un

dyke dirige E. vrai.

En regardant d'un autre cote depuis le chateau de Kildonan, on voit sur le

rivage environ 10 autres dykes, tons dirigds N. magn. ou N. 10° 0. magn., tons dans

le gres rouge, tons s'avan^ant dans la mer, et tous tres larges. Quelques uns sont

saillants. Dans quelques uns le gres est blanc et dur a la jonction des deux cotes

du dyke. lis sont croises par un dyke dirige N. vrai. Ces dykes finissent avec

la falaise trapeenne de Kildonan. Le dernier dyke saillant de ce groupe se trouve

precisement avoir la direction de la ligne qui passe par le sommet d'Ailsa Craig

et le fanal de Pladda, et est en quelque sorte le prolongement de cette droite.

On aper^oit au loin A^ers le sud-oucst, depuis cette extr^mit^ du plateau de

Kildonan, un autre groupe compose de quelques autres dykes qui ont la meme
direction que ce dernier.

Entre ce point et le petit port de Drumlaborach, je n'ai pas vu de dykes ; mais

entre ce port et Bennan Head j'ai compte, sur le rivage, 23 dykes s'avan9ant dans

la mer, diriges tous N. 10° 0. II y en a un en particulier, tres large et saillant a

une hauteur considerable, qui forme une jetee naturelle au port de Drumlaborach.

Les deux dykes les plus rapproches de Bennan Head sont les seuls minces de ce

long groupe de dykes ; le plus a Test est dirige N. 45° E. ; et le plus a I'ouest N.

45° 0. toujours magnetique.

La haute et longue coUine nommee Bennan Head est une ^norme masse, et

probablement une couche, d'un beau porphyre a base d'argilolite, ou de feldspath

compacte.

Les Struey Rocks, que je n'ai vu que de loin, paroissent egalement une grande

masse de grunstein ou de basalte, probablement aussi une couche.

Entre Kilbride Point ou les Struey Rocks et le rivage ou plage de sable sous

Lagg, sont deux longs promontoires, formes de dykes diriges N. 10° a 20° E.

magn. Plus a I'ouest il y a un promontoire plus court, qui ne contient qu' un ou
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deux dykes, ayant la meme direction que les precedents, Tous ces dykes sont

verticaux.

Plus a I'ouest encore on arrive a un grand port, nomrad South End Harbour.

Ce port, un des objets les plus curieux qu'on puisse voir sur cette cote, deja si re-

marquable, est entierement naturel, I'art n'est entre pour rien dans sa construction.

Deux dykes tres longs, et Tun d'eux ties epais, diriges, I'un N. magn. I'autre N. 10° E.

magn. environ, forment les deux murs qui limitent ce port k Test et a I'ouest; un

mince dyke transversal, qui s'avance de I'E. a TO. magn., dans I'intervalle, entre

ces deux dykes, forme comme une jet^e qui abrite I'intcrieur du port de la

fureur de lames, laissant a I'ouest une large entree pour les batiments, qui peu-

vent dans ce beau et regulier bassin, sorti tel quel des mains de la Nature, de-

meurer a I'ancre en toute surete par tous les vents. Enfin, comme pom* completer

I'architecture de ce bassin, un assez large dyke dirige comme la jetee precedente

E. magn. limite le port au nord du cote de terre, et forme comme un quay au ri-

vage de sable. Dans I'interieur du port se voyent les couches de gres rouge et

de marne verdatre que traversent les dykes ; elles sont dirigees au N. 45° 0. magn.

et plongent de 10° au SO. magn.

D'autres dykes appartiennent encore au meme groupe. Celui qui forme en

partie Tentree du port comme une jetee, est une portion d'un eventail de cinq

dykes divergents, diriges entre le N. 45° E. et TE. magn., et qui se reunissent en un

point au N. 70° E. magn. environ. Un pen plus a Test est un autre mince dyke

dirige N. 45° E., qui vers son extremite sud se divise en deux branches. Enfin

le long dyke qui forme le mur occidental du port est accompagne a I'ouest d'un

dyke de 30 pieds de largeur, qui lui est parallele, etant comme lui dirige N. magn.

A I'ouest du Southend Harbour est un long groupe de dykes, nomme Claitschi-

more Point, ou Pointe des grands Dykes : il se compose de six, dont deux seuls sont

longs et larges. Tous sont diriges N. magn. Entre le Claitschi-more Point et la

Montague de Corryravie a I'ouest, on ne voit plus que deux seuls promontoires, de

dykes tous courts, perpendiculaires a la cote.

Dans I'interieur des terres, au village de Lagg, le ruisseau a expose les dykes

suivants. En allant du nord au sud, on les voit paroitre successivement dans

ses berges, dans I'ordre suivant. l^- Dyke de grunstein de 30 pieds de large, va-

riable dans sa direction, mais en general dirige N. magn., courbe, vertical. 20-

Dyke de grunstein de 10 pieds de large, dirige N. 45" E. et plongeant de 80° a I'O.

S"- Un dyke en forme de coin, la pointe en haut dirigee E. Sous le pont de Lagg

est un dyke, de 3 a 4 pouces de large, de grunstein decompose a grain fin, ou de

trap vert-d'asperge, dirige N. 10° E. et plongeant au N. 80° 0. magn. Enfin, a

Test de I'auberge de Lagg et de la distillerie voisine, un dyke de 25 a 30 pieds de

large, dirige N. magn. et plongeant a I'E. 70° envh'on, traverse le ruisseau et sa

berge septentrionale.
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Plus a I'ouest la Montagne de CoiT3rravie, toute formee d'lm beau porphyre, a

base d'argilolite (claystone), qui s'etend jusqu' a la pointe SO. de Tile, et dela

suit au nord ses rivages jusqu' a Blackwater, parait avoir intercepte tous les

dykes, du moins je n'en ai apper9U aucun dans toute cette extremite sud-ouest

d'Arran.

Au nord du Blackwater, les dykes recommencent au promontoire de Drumo-

doon. Je n'ai pas eu occasion, dans ce dernier voyage, de visiter toute cette por-

tion de la cote occidentale d'Arran qui s'etend entre Blackwater et Glen Catacol

pr^s du Loch Ranza, mais je parcourus toute cette cote en 1809, et j'ai donne le

resume des observations que j'ai faites a cette epoque dans mon Voyage en Ec.osse

et aux lies Hebrides, torn. 2. Excepte les interessans dykes composes, si nom-

breux a Tormore, ou le pechstein, le grunstein, le basalte, I'argilolite et le kling-

stein, se voyent souvent associes dans le meme dyke, et excepte quelques dykes

de grunstein, sur la cote au nord de I'lrsa et du Machrywater, qui traversent le

mica-schiste, les dykes sont en general tres peu nombreux sur cette cote. M. le

Professeur Jameson a signale tous ces dykes, et decrit en grand detail et figure

ceux de Tormore, dans sa Mineralogy of the Scottish Isles, avec une exactitude

telle qu'il devient inutile de repeter de nouveau ce qui a ete deja si bien dit par

lui. Et a cette occasion qu'il me soit permis ici de rendre hommage a la pre-

cision et a la verite des observations contenues dans cet ouvrage, qui, quoique ecrit

maintenant il y a 40 ans, doit certainement etre toujours considere comme un des

guides les meilleurs et les plus utiles que puisse prendre le geologue qui veut

etudier Arran avec quelque soin.

Je vais maintenant essayer, en terminant, d'evaluer s'il est possible en gros, et

tres approximativeraent seulement, quelle pent etre la quantite de dykes de trap

contenue dans la totalite de I'lle d'Arran.

J'observerai d'abord, que dans mon tableau, quoique fait avec toute 1'atten-

tion que je pouvois y donner, j'ai du necessairement omettre une certaine quan-

tite de dykes, qui par mille causes ont pu echapper a mon observation. J'ai meme
des preuves certaines de pareilles omissions en voyant quelques dykes signales

par M. Jameson dans des lieux ou j'ai passe sans en voir. II y a plus, dans deux

ou trois circonstances j'ai essaye en vain de retrouver des dykes et de petites

masses de trap que j'avois etudi^s, dessin^es et decrites dans mon Voyage, et dont

j'ai encore des echantillons dans ma collection. Telles sont en particulier les

dykes qui traversent I'argilolite du Windmill, et dont I'un se bifurque en haut ; ces

dykes sont cites dans la Min. of the Sc. Isles, t. i, p. 27. J'ai aussi plusieurs fois

cherchd sans succes le trap qui accompagne les couches de pechstein du bois de

Brodick et de I'ancienne route de Lamlash : ce trap, dont j'ai aussi des echantillons,

me paroit d'apres mes observations de 1807, faites avec soin et details sur cet

objet, devoir etre considere moins comme un dyke que comme une couche de

klingstein associde au pechstein. Les Echantillons que je recueillis alors, et que je
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conserve, etablissent clairement la.diiference de cette roche avec celle des dykes

et ses passages an pechstein meme, ainsi que je Tai enonce dans mon Voyage.

II est done clair, que je n'ai pas signale ici la totalite des dykes qui se trouvent

dans les lieux que j'al etudie avec attention ; mais je ne puis croire que le nombre

des dykes oinis, en y comprenant ceux mentionnes par M. Jameson, Min. of the

Sc. Isles, V. i. pages 27, 30. 38, and 39, 70 (ceux-ci sont peut-etre les couches de

trap que j'ai remarquees au nord de Corrie), 73, (I'un d'eux probablement la

grande fente de Ceim-na-Caillich), 77, 81, 84, 110, 111; ceux signales par Mac-

CuLLOCH, Western Islands, t. ii, p. 412 and 413 ; et enfin ceux que M. Headrick

a cite, surpasse le tiers de ceux que j'ai mentionne dans le tableau, et cela d'apres

I'experience que j'ai faite de mon aptitude a en decouvrir de nouveaux dans des

lieux que j'avois deja examines a plusieurs reprises. Cela etant, le nombre des

dykes de la partie NE. de I'ile, entre Loch llanza et King Cross Point, dont je donne

ici la description detaillee en la carte, devoit etre porte a . . . 200

Entre King's Cross Point et le Mont Corryravie, j'evalue.le nombre

des dykes que j'ai pu voir sur la cote sud de File, a environ . . . 144

Total, . 344

Mais revaluation precedente ne comprend que les dykes de la sur-

face d'une moitie environ de I'ile ; tout I'interieur de la partie meridionale

n'y est pas compris, non plus que la cote NO., ni le groupe granitique de

Ben Vearan entre cette cote et la riviere Irsa ; et quoiquil soit connu que

I'interieur des terres renferme toujours moins de dykes que les cotes, et

que la cote NO. est en general tres depourvue de dykes, quoiqu' enfin

cette moitie de I'ile soit bien plus petite que celle que j'ai parcourue

;

omettant ces circonstances, je porterai pour elle un nombre egal a la pre-

miere,—soit 344

Formant un total de . . 688

ou, en nombre rond, de 700 Dykes de Trap dans la totalite de I'ile d'Arran.

Doublant meme encore ce nombre si Ton vouloit, pour y coraprendre tous les

dykes caches par les bniyeres vastes et etendues dans I'interieur, par les greves

de sable sur les rivages, ou places dans des recoins inaccessibles des montagnes,

on n'arriveroit pas encore au nombre de 1500; et pourtant en parlant de teUe

ou telle cote, de telle localite d'Arran, il est souvent echappe a ceux des g€o-

logues qui ont decrit Arran, a moi-meme peut-etre tout le premier, de dire qu'on

y voyoit des innomhrahles dykes de trap. Or, je crois avoir maintenant montre

que, loin de ne pouvoir etre comptes, on peut a present concevoir I'esperance de

voir chacun des dykes de cette ile individuellement etudie, numerote, decrit et

enregistre dans un catalogue descriptif et raisonne, analogue a celui que j'ai au-

jourd' hui I'honneur de mettre sous les yeux de la Societe Royale.
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Topographie de quelques parties de Vile d'Arran.

Pour rintelligence de la liste des dykes d'Arran et de la carte qui raccom-

pagne, et aussi pour celle des hauteurs qui va suivre, quelque details topogra-

phiques sur les montagnes du groupe granitique et des Glens Cloy et Sherrig sont

necessaires, vu que plusieurs de ces montagnes ne se trouvent sur aucune carte

de cette ile,

Groupe granitique oriental.—L'existence des deux vallees principales, Glen

Sannox et Glen Rosa, qui traversent le groupe granitique, I'une a peu pres de

rQuest a I'Est et 1'autre du Nord au Sud, a determine la configuration interieure

de ce groupe, et conjointement avec le petit vallon du Garbhock, qui court aussi

en grande partie du nord au sud, la forme et la disposition des diverses cimes

dont se compose ce groupe.

Le Glen Sannox prend son origine a I'ouest, dans le bas d'une arrdte qui

joint le Chaistel Abhal (apelle ordinairement Ceim-na-Caillich) au nord avec le

Mont Kidvoe au midi. Les sommites les plus remarquables qui terminent sa

berge gauche ou septentrionale sont, en allant de I'ouest a Test et en employant

les lettres qui designent ces cimes sur I'esquisse de carte, l". Chaistel Abhal (B), la

plus haute de ce petit chainon et meme du I'ile entiere apres Goatfield. 2«. Ceim-

na-Caillich) (D), ou la remarquable fissure entre deux aiguilles de roches dont il a

ete parle dans le catalogue des dykes et dans son resume. 3". Suidh {the Seat) (C),

apres laquelle I'arrete descend rapidement vers la mer.

La berge droite ou sud de Glen Sannox, commence a la sommite pyramidale

ou aiguille de Kidvoe (F), apres laquelle son niveau s'abaisse considerablement, et

forme le col qui sert de communication entre Glen Rosa et Glen Sannox, et qui

est nomme the head of Glen Rosa (E). Immediatement apres le faite de cette berge

se releve a peu pr^s a la hauteur de Kidvoe, sur la montagne qui forme I'extremite

septentrionale de I'arrete de Goatfield, et conserve la m^me elevation a peu pres

jusqu'a I'entree du Glen Sannox, ou elle forme une sommite conique tres elegante,

nommee Cich-na-Nighean (H).

Dans une direction presque a angle droit des deux arretes decrites ci-dessus,

et courant du nord au sud, s'elevent au midi du Glen Sannox trois chainons pa-

rallels, separes entre eux par le long et profond Glen Rosa et par le petit Glen

Gharbhock, bien plus court et plus eleve.

Le plus oriental des trois chainons, et aussi le plus considerable et le plus

eleve, est celui au milieu duquel est Goatfield (G), sommite culminante de Tile.

Ce chainon, qui s'eleve abruptement comme une muraille, et sans aucun contre-

fort notable a Test du Glen Rosa, presente dii c6te oriental vers la cote, quelques

arretes ou contre-forts, dont les plus remarquables sont Cich-na-Nighean (H) deja

cite, a I'entree du Glen Sannox, au midi duquel et separe par un profond enton-

VOL. XIV. PART II. 6
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noir (corrie) s'eleve celui nomme Cir-mhor (K). Le plus meridional de ces coii-

tre-forts est celui qui porte le nom de Meal-Doon (L). A partir de la et de la

cime de Goatfield, le chainon s'abaisse tout a coup, et descend au niveau de la

mer vers Brodick. Cette base de Goatfield, formee de schiste-talqueux, prend, au

NO. et a rOuest de Brodick, le nom de Glen Shant Rock (Q) ; c'est autour d'elle

que le Rosa Burn, apres avoir longtemps coule du nord au sud, se contourne et

prend avec la vallee une direction de Touest a Test environ. Cette partie infe-

rieure du Glen Rosa est souvent apelee le Glen Shant ; mais ce n'est pas la la

maniere dont les habitants du lieu employent ce mot. lis nomment Glen Rosa,

comme appartenant au Glen Rosa Farm, toute la rive droite de Rosa Burn, et

Glen Shant, comme dependant du Glen Shant Farm, toute la rive gauche, depuis

I'origine de la vallee du Rosa jusqu'a sa terminaison vers la mer.

Le second chainon, parallele a celui de Goatfield, et qui forme la rive droite

ou ouest du Glen Rosa, se compose de deux aiguilles de granite, dont la plus sep-

tentrionale (M), un pen au midi de Kidvoe, se nomme Ben-ach-Clivan, et la seconde

la plus au sud s'apelle Ben Talshan (N) ; ce chainon intermediaire est beaucoup

moins eleve que le premier, celui de Goatfield, et que la troisieme, celui de Ben-

huish. Au midi de Ben Talshan regne une croupe de montagne arrondie, beaii-

coup plus basse que cette demiere aiguille, et remarquable par les griinds basses

de granite, semblables a d'epaisses couches, dont elle est formee. Elle se nomme
Ben-breach, et s'etend jusqu' au Garbhock Burn.

Enfin, le troisieme chainon parallele se compose d'une longue arrete de rochers

escarpes, terminee au nord et au sud par deux hautes cimes, Celle du nord (0),

nommee par erreur par quelques guides et habitans de Brodick, Ben-huish, tandis

que ce dernier nom est celui de la cime du midi ; celle du nord (0), dis-je, se nomme
Bealach-nid-voe. La cime la plus meridionale (P) s'apelle Ben-huish, et quoique

la moins elevee donne en general son nom a tout le chainon. C'est par erreur qu'

elle est quelquefois apellee Ben Talshan, nom qui, comme je I'ai dit, est celui d'une

des deux aiguilles du second chainon,

Je tiens la nomenclature, que j'ai adoptee ici pour toutes ces montagnes, d'un

vieux guide natif du Glen Rosa Farm, et qui a ete long-temps berger dans ces

sauvages regions. Ce sont les noms qui ont ete transmis de pere en fils des les

temps les plus recules.

Glen Sherrig et Glen Cloy.—L'arrete qui separe Glen Rosa de Glen Sherrig,

n'offre aucune cime remarquable, et s'etend en plateau depuis le tournant, ou angle

SO. de Glen Rosa, jusqu' au pied de Ben-huish. L'arrete du cote sud du Glen

Sherrig, celle qui separe ce glen du Glen Cloy, prend, dans sa partie inferieure et

orientale vers la mer, le nom de Stromach. Vers Touest une sommite d'argilo-

lite assez haute s'eleve au-dessus de I'arrete, et se nomme Mont Gaobh ou Wind-

mUl (S).
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En remontant le 'Glen Cloy, on voit qu'il se divise, a pen pr^s vers le milieu

de sa longueur, en deux glens distincts, dont les ruisseaux se reunissent pom- for-

mer le Glen Cloy Burn. Le plus septentrional de ces deux glens, qui est aussi le

plus petit, est le Glen Ormidale : il s'ouvi-e a la base meridionale du Mont Gaobh

ou Windmill, et est entoure de toutes parts de rochers hauts et escarpes. Un
promontoire de montagnes, egalement elevees et escarpees, le separe du glen plus

meridional et plus gi*and, nomme Glen Dhu, toute environne de rochers, tallies

presqu' a pic. La sommite la plus elevee du promontoire, qui separe les deux

glens, est la cime conique du Torninjerk (T), a son origine a I'ouest. Au dessous

de cette cime, et plus a Test, est le Skian Bhein (V) (White Knife), separe du Tor-

ninjerk (Heap of Berries), par une large fente, qui n'est autre chose que le dyke

creux 73 du catalogue et de la carte. A I'ouest du Torninjerk s'el^ve seulement

de quelques metres au dessus de lui, une tete de colline arrondie et presque toute

couverte de bruyere (U), qui sembleroit n'avoir aucun titre a attirer I'attention

:

c'est cependant la ou j'ai eu la bonne fortune, le 29 Mai 1839, de decouvrir une

masse en place de gi-anite, a grain tres fin, qui n'avoit encore ete apperc^ue par

aucun observateur, et qui se trouve fort au sud des limites jusqu' alors assignees

au granite dans Tile d'Arran. En effet jusqu' a ce moment on n'avoit jamais

cru que le granite s'avan^at plus au midi que les bases de Goatfield et de Ben-

liuish. Mais voici a present, dans la partie de Tile au sud de la baye de Brodick,

une nouvelle masse de granite, qui montre au jour sa tete, toute environnee d'un

cote de syenite, dans laquelle le granite envoye des filons, d'un autre de clay-

stone ou argilolite, qui semble passer a une sorte de protogine ; voici enfiii une

masse de granite en contact presqu' immediat avec les gres rouges et verts,

changes la au Torninjerk en une veritable roche de quartz compacte et tres dure,

et qui au midi de la masse de granite, egalement alteres et endurcis, paroissent

I'appuyer sur elle immediatement et sans aucun intermediaire visible. Comme
cette decouverte me paroit d'une haute importance, non seulement pour la geo-

graphie mineralogique d'Arran, mais plus encore pour la theorie du granite et de

son soulevement, j'ai cru devoir la signaler ici quoiqu' etrangere au but principal

de ce travail, me reservant de decrire plus tard, dans tons ses details, cette inte-

ressante localite. Comme cette petite colline n'avoit aucun nom, j'ai cru pouvoir

lui donner celui de Ploverfleld, vCi les nombreux Pluviers dores {Charadrius

pluvialis) qui I'habitent, et font retentir de lem-s sifilements cette solitude reculee,

et comme exprimant le contraste entre ce modeste petit champ arrondi de gra-

nite et la haute et fiere cime granitique de Goatfield, qui semble, comme son nom
I'indique, n'etre accessible que pour des chevres.

Contiimant dela a suivre la crete de I'arrete qui entoure le Glen Dhu, ou

Glen Cloy proprement dit, nous trouvons d'abord en X, les rochers nommes Craig-

an-Ulrach {Eagle's Rock)
;
puis ceux dits Craig-an-Fiach {Corbie's Rock), qui sont

le bord d'un grand plateau a Tangle SO. du glen (X.) Enfin a Test de ces der-
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niers rochers de gres, s'elevent les trois cimes distinctes et rapprochees, toutes trois

de trap, apellees Shee-ens ou Fairies'-hills. Et avec elles se termine notre ap-

per^u topographique, le reste des montagnes de la partie de I'ile qui nous a oc-

cupe etant bien connu et se trouvant trace sur plusieurs cartes.

Hauteurs de quelques lieux dans Vile d''Arran au-dessus du niveau moyen de la

mer, determinees avec le Barometre, dans les mois de Mai, Juin, etJuillet 1839,

et calculees en metres d''apres la methode d' Olmanns.

Les lettres majuscules apres le nom des sommites correspondent a celles de la carte et de I'apper^u

topographique precedent.

Haut du bois du Chateau de Brodick, sous Meal-Doon (gres rouge ancien)

Soramet de Meal-Doon (L) (gres rouge nouveau)

Plateau a I'Angle SO. de Glen Rosa (mica-schiste)

Sommet de Ben-huish (granite a gros grain) (P)

Sommet de Bealach-nid-voe (O) (granite a gros grain)

Point culminant de la route de Brodick a Lamlash (gres nouveau)

Sonamite la plus haute de la crete entre les bayes de Brodick et de Lamlash, au SO. ou S.

des Corygills (trap syenitique) .....
Sommet de Dundow (W) (ArgiloKte porphyrique en prismes)

Sommet de Dunfeune (Z) (trap syenitique) estimee a 190™'

Sommet de Goatfield (G) (granite a gros grain)

Prise d'eau du Moulin de Brodick (Mill-dam R) (schiste et granite)

Hameau le plus haut des Corj'gills (gres rouge nouveau)

Sommet du Moul Gaobh ou Windmill (S) (argiloliie) . . .

Sommet de Ploverfield (U) (granit a grain fin)

Sommet du Torninjerk (T) (gres change en roche de quartz) estimee a 448™-

Fond du Glen Dhu de Glen Cloy (gres a poudingue)

Sommet de la Colline du Milieu des 3 Schee-ens (Y) (trap)

Sommet de la plus occidentale des Schee-ens (Y) (trap) estimee a 378™-

Cette colline de trap s'eleve d'environ 8 metres au dessus du plateau de gres nouveau sur

lequel elle repose, ce qui porte la hauteur estimee de ce plateau a 370™'

Sommet de la plus orientale et la plus haute des Schee-ens (Y) (trap)

Plateau au sommet des rochers Craig-an-Fiach (X) (gres et poudingue)

Sommet du Chaistel Abhal ou Ceim-na-Caillich (B) (granite)

Col du Glen Rosa ou Head of Glen Rosa (E) (granite a gros grain)

Sommet de Kidvoe (F) (granite a gros grain) ....
Sommet de la coupure faite par le ruisseau Eis-na-birach au pied du Tornidneon et du pla-

teau qui suit au midi cette coupure (mica-schiste) ....
Le fond du Glen Eis-na-birach et le lit du ruisseau sont a environ 25 metres au dessous du

plateau et du haut de la coupure, leur hauteur absolue estimee done de 73"'-

Sommet du Tornidneon (A) (Jonction du mica-shiste et du granite)

Point culminant de la route de Loch Kanza aux carrieres d'ardoise

(Cette route est dans le schiste talqueux et I'ardoise).

Metres.

243.8

411.5

304.3

832.8

884.6

118.9

267.3

215.7

902.0

329.0

100.25

400.5

46fi.57

113.5

395.0

406.4

407.8

889.4

470.6

828.6

9S.0

315.8

305.0
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Metres.

Hauteur estimee des carrieres d'ardoise 320™*, des sommites de schiste talqueux qui les

dominent 355"-

Sommite NO. la plus basse de Tile de Lamlash dite Wie top (argilolite) . . 269.9

Sommite SE. la plus haute de I'lle de Lamlash (argilolite) .... 299.5

Plateau de Kildonan au plein pied de I'auberge (klingstein) .... 35.9

Plateau de haut de I'ile de Pladda a pied du phare (grunstein ou klingstein) . . 13.3

Sommet des Dipping Rocks (trap syenitique) . . .... 71.9

Sommet du Bennan-head (porphyre a base d'argilolite) . . .. . 154.5

Lagg, plein pied de I'auberge . . . . . • . • 10.2

Les trois derniers nombres, et surtout les deux demiers, sont probablement

un peu trop hauts, le barometre ayant baiss^ dans la joumee ou ces observations

ont ete faites, d'une quantite qu'il ne m' a pas ete possible de determiner.

Edimbourg, 15 Avril 1840.

VOL. XIV. PART II. 6P
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â
rS

01 ^
h n

<U -»->

13 S
^ (1) CJ

3 tS a
•s 2

a;

2 rS) d
rt ,i2
HH M
1—

<

(M
(N <N

0)
CIS

3
2

d
3
T3

OO
X
3

• tn

=1 iJ

S S^a>

3 o
P4

05
bD 3

o

C3
a> . . .

I> T3 13 'd
3 '^ •"' -^
o
13

oO rt
CO . on

00^-3
o ^^

o
00

Si
<0
V
O
CO

C
o
o
Q

o

0)

0)

'« O
°oOc

3

W OD

0) o

re g ft

*^P^ 'to

« CO

2 3 t3
a-g .2

" to J7
,ca 'cu '^

n
-a
u
3

a

Q
d

<I>

o
3
o
u
!«l

S

ft

oT

o
3
o

ft

IS

m
3

3

a

3

13

C3

a

a
3

T3 'd 'y

"ft.

CD

0)

bo
t3

O
CO

d 23-3

cS t3

lU 3

^ ^2-S

J g 3-^ ft

s S 3 3 3 « «
o

.'i
o ^ ^ a ft

3

3

^ a
to ^

T3

O
o

2 'S
'"s'a

s «^

to IQ

«§.
. ®

'-* 3
« ""

3 a>
o 3

3 Q>

SB o

3 ~
p «

tiOoS

0) ft

c; c3

u g
a*

0) ^
'S s

•3 «

cS o

0) 0) CO

eS 3 Pi

2 boSs

S 3.°
= ts 3

/<S a)T3
*^ w •-•

3 o «

a « « 3—
' m ^ O

OJ "u''
O) s--< on

© C8 P« •.

a <—' w

8.~ -

«

3 «
a-?

1

3

a< te

3

0) 3

' 3

5 3 o »!.Q
^^ 3 •1-*^ O
S.2 ?"• g

C8 3 " S o
ft t" '5^ :? -S

to tS r-H OT

«
1 S S'5

to 0) aj .^

3<S 3 i;o 3 05

3 13

VI a u
d 01 c3
ftiiou
tu g «

o a)Tog t4T3

O y tD C

(3

§

-a

OD
0>

o

1
>a>

g
OB

"S
_g

02 •

3W

o >n

W
o
(N

=• 2
C3 CO

la"'

03
02

o
to
CO *»o 12;

I—

«

tu (D

g<ca
a) o

<u
-a

b "S o

3 cS * »

-b a; cs jc

bOSl
3 c^

y<u

o©

©

a)

CD
13

§
O
09

"US'*
CO o

00

o
CO

o 3© O
a
13

13

ft ft
©

*

r>. c3

3

H-5

3 to

a) 13
.S a)
to .-;

3 ft

ft

3

^ 23 3
a)

•-
*-> a

•He ©
aj 3 rd
^^ aj 'ri

.a
c3

a

a
3

5

o
ft

CD Q.

C3

W

>4
a)

>

o
ca t.

ft'S

Qi

-dTS

2 a) «

§ 3

a>

3 "

o ^

3 2

cS '

--5 3

Oi

a

3
cS

^l^-S ftS
3 3 3 rt ':;
13 o a) 5 3 3

+j X aj ^
-*•=• "-*

. ^ '"'

giiP^^^ 3.^

^r'^>l
a>

02

aj
-d

o

a>

a
o
02

CO 09 O
CO

IN CO
CO CO



692 M. NECKER SUR LES DYKES DE TRAP

M
P
or
M
<
S
H

1)Mu
=5
O

o

o

too

"S a>

"So

»4

S5

I

o

PQ

<»
3

o

<u

a
o

Si

u

0)

<o
u

s
CZ3

•O 0)

O a

2 «
-M Pi

73 to

«>$

ca bo

fc,-o S
*,„ ^
oo £; a
" 0,0

0)1-1—1

OS

a
o

t3

CO

Sao

«
-1 6

o o
'* 3
-* p.

-*^ t) a *
fl O o 3

^
fl) -> 03

3 .2 «
"O/o) a

£ .^ o

ca c 3
s2 p.

O r^

3 a
PiO

9

'o ^^ 0)

C 3 " 7
<0 3 ^ 3 0)

0) S ^ «
.-3 aM tn /^

3 -^

to g
O O

3 m
013
»> s
,0) Ml

-1'^ m
Cfi +3 -*-»

^ a 1=3

/fl tt *^

/So a
.°^ -S fl

a'§ o
» ".2

<i^% S
•3 Q) ;i3

« o «
O

S"8

m P.

pi 0)

9 .»A

•J3 <s>

P.-S

I 3
I o

-M a
0) o

o

o

in W
C« r-i "5 ^

t-o CC

o

O

r ^
CO .

ID
b03
3 cd

'III 2

•x5t3 73

P4
o

W
OQ

3
C3

o©
CO

£8

a. s

to a
. U5

CO-*
floa

OJ 3

COQ
CO CO

o

IN

3 .W 3 .

A-* O ^ — S

0?

00 ®
M «5

"^

o *

Zi **
13

'S.

•CIT3
V ID

'3<"3.

C<5

3

p
s

o

-dTS

d) m

o,a
P<-

J-§
45 fl

cc 0>

TS-d

III"Oc a 2 3

3 3

3 3
§-3 =« CS cS

© _ CO to OT--333 3 3

< E PMHh

•<ll U5 <ot>.
e«s C5 CO CO

CO e>
eo CO

1 -g 4
i»0 /V

3
ctf ft Oi

•*j -^
1 3 3

P4 H H
00 05
CO CO *

C^ 00 <

o

IS.

a

a;

,

3
IS

.a

s
.P

fl
3

3

0)
u

if

S ® ^*" O fl CO

BO t( -^ fl
••-4 •-4 cS
j3 s n g
"^ w <«
3 a j>
T3 22 3

S.-S a
'=> 2p -a
0) p*^ a .s

» "S

C3

P<

O
fa

P.

'g

a> 'O

°j^ 3

Jj S 3
S-s p.
P" -
3 B°3
O 0)-"
w ^ a

C tn' 43 Bp «T3 3

"O oS 3 a

I

01
\u
(—1

3
•a
c
o

3
<»

ft

^ 3
<2 5)

fl

CO
o

fl

2
O

0)

eg

«2

©o
CO O^»
oO
*»

o
09

o

91 ^ a
o©

<B §-s1 1
.53.2 ft ft
^ft-«» rt
fl r-4

<0
u
3
o
ft
(O

ft O
fl

<U "^
•2 %^S

ft*^

<d fl
_•"

o fl o
««C fl cS

S3;

a
T3

PQ

K) d>

hi >>
a>.fl

ft o
s ft

I
A.

£•8

4

i.

^ 09

©

a

o

0<

Hi

.2 9

si



D'UNE PARTIE DE L'lLE D'ARRAN. 693

3
T3

SO
a
o

Oh

O

H

m
d

St

3 "- d's

CO d C3 M
>oo o 3
««'?,''
^ a S o

a> m G

2 » S o

-*^ S g a;

•3 g a a a

1-9

««

^t»o ..„_^
,
^ ^

CO^q-<N^g £;2§|
» . g * <o -3

->f ^ -

<a, >c t^ « o^ c3 ^ «

S " S ® 3
3 - -^

Ji
3

/» 5 g* c

;«5 ?

.i«4rtap. _
9 ^ 1^ 'a

c C c ??-H a " " a^ S
«M *-> "1 , O O OJ W

2 g-a

a (» 0)3,»^
0) -J t>>

I " ®

^&,"= a,

c a s
CJ

" 01 S

® §. a

3 c3 J5 5

o

a*

3

a

a
OJ

3

a
o

3-fe«
'^ o e
3 Qj qj

-a- a
;3 * bo

azs.

SO) [3
^

«
OJ

3 >>«

Cj3
CO tj

sS«

•a aj 3 4)

c;
<u

.^ a;

g o—

.

tC-3 m

-S " 3^ a) S ^

c 3-5)S
pi §3
a) m +j 3
3 "> S ^,

a .«•"
o s « »iy -^

J:^ Tj

g a-a^

V p
"3^

-wS 3
- _: («

2»2'S>^§
'* C^
.2^0
•r; 73 .a

1 M tH U
tH CP t^

a; OJ '

3 „ a;

>; 3 S
3 m^j

S' < 0)

- S"^ g,-3

a) S^

£ 3
p,a

3
-•a
> 3

§'-'=3 "3

aj oi 5 c3

G ce rt a)

be S " «
=" - cl

aj 13
"

^H CO a) tn *

"~aX9
a
'^•^3 a ^

aj « "/a>
.id <» ^

,

-30
3 0) c4

t3

§=
CQ
CO
te

Pi

3
3
O
n

0)

o r*

•«

o

5
X

CO {Ti u

6:1 -i"

aJ W

oO m

w w

!?; iz;

50 "-^

.g
•A

3

26

«5

o
kO w p3 c

(M i>^o

^ » g" 3
_ -w d o

- -d t>
'^

03 S

U5
CO

-a

'Si

CO

d ^

3
bl

dp
O '-t

-^.«
'^^

i='2
O CO

-t-3

,~~t ©

J 2 k
1i
t>s»

_, o
d "5
o •*
u .

d

d

oo
CO

a)

6
i
T3

w w H
oO in

°- s
CO 02

•fd.2 ^ Pi Pi
d ^ © (M
W

d d
OJ a) 13 TJ

fll Hh

1(5 eo.

d "S

Oi

d ft

Oi
50

3

-S d
d aj

w).2

.3
'S d

a)

*J OJ —

I

o
d

Pi
C8 'heaj
•" uju o

^ "S J3 ®
3

a
o
O

d ^

« s " e-d
<E _ t3 ^ .o

&I a

o
Pi

<n Pi
rdu

Ph

a
'3

i*
>

n »4

C5

d
3

6

«3S

fl

o
o

13 d

.£0

Pi

fl

a
fl
«D

fl
c3

fl
a)

Pi

§«

'—I -*3

o
o u
> fl

Pi

^ 13
-w a)

o Pi

-i^^-fiis

It

-2 a

Jo
aj'^

-0)

nd-3
-^i» d

CS

fl -d
S 2
ft S -
- to'S Ph

fl Jc)_

3^ d
a ft

- ^
aj

o-s_,:2"

cd d
9 Si
CS d M

2
A a d

aij
go

fl

a)

d 2^1
O ti 13 Ji
CO <i

•a (ii^'j-i ^ *^"o_—' fl

_2 Jp 2 »= a^ ?.?, -"-^ ^'7:5

- d
aj a

§«
^ fl

ra 3
o s
flM
o
13

a) fl

Jd

S-^

=* d
d".2
aj 13

Pi

aj a
a -^

a a

aj jdO 'i; M d
-^ -^ ^ a fl

"

o 3-^ d

d

isPiO
oD oj ,d'"a 2 " ''^

d « ^ Vl rP ^ -H
P5 Q

o ^ -
^ 2 CO 3
OT -d OJ 13
aj rp 3 ,—

I

«

a S

o aj

a aj

•3 .a

053—'
2-a C.2

Oj -Ti

-c) ,aj c!

" apq
fl a a
cS O fl

d aj

"
flj fci

d «
a
a^
o o

aj

.

-TWO
--1 -d d tii;= "m <a; oj fl

fl a a.s
-_SO^W,i«-d-2'?^-3-^
d -2;iiO(uc3:i3dajfl..'S
^,rtO di3® d-da>i3 a<H
fi *ii W PP

W5
«5

«o 03
v<5

O
CO

(N M ^ U5 CO
CO CO CO CO CO

"3

aj

W

gft
fl

Cj

Is
PiCB

d S

a
o
u

d 55

a>

CQ

5

CO

? H

d c«
Cd CO

Ji o
03 Pd

a «
aj aj

33
aj aj— 13

2 CO

9 »

Q

r2

^

s

3

I. XIV. PART II. 6q



694 M, NECKER SUR LES DYKES DE TRAP

P

«

S

3
O
O

!?;

w 'a

"S 01

C bo

o o

a

a

t
a

03

c « d 'Oj :_, s; a

i-£ a-o P.-S S
'3 _. is C! !- * "^

« J< ffl cS -w .S »<
S ^.-S^H " :3 lo

m ^ g t« n,fcD2
a g = i; S

"^
a

C JK -w „l ^- 3 "
5" m <u _^ a; ^ J3

a ^ S S ? « g
a> ' tao-S ''

a) o

a .2 o S « a .-.

/(X(
i-H —^ — 03 ^_j f^

- c <» 2 S ^^ o
® O -^ S, S 3 .

bfi

3
O

M.S.2 3 3 g g
c3 u tH r3 t^ ^i' ^

bc-g
c 3
<« 2

J4

o

b£) =

SO

C3 >

e8 g

3 ="

-?3 O

o 3O C3

C3 2d

k ^

^6
o 3O cS

oO
CO

o© W
^

0)

C5

<i> I

&£ fl

3
O

«
3 01

3,^
ft bD-

O

O 1

O o)

&E a

11 q -Q 3

O "i*

ft 6JD-S ft faO

3
cS

oO
C5

o©
IT-.

> >

o .

a
W

3
ce

o

CO

pi

'd g
CO o

o
CO

w
© oO

O
oO ^

^

o©
COO

3
0)

ft

go

01

tJ

CO

-a

o
«5

T3

ft
CO

2 M

O'ft

0)
o
3
o
ft ft

CO

ft 01

3

•I

5n 3

-^ ft
CO

3

5

a
ffl

h o

a
0>

o
c3

ft

S
O
o
a

3

5

(3

3

C5

T3 3 d
el cs ts

!> g §
3 --, M

to

^02 o

S 01

-I

0>"?J ;
I—

' ,tj

CO 3
C »

,>^3 2 ^

3 S tp!

01 0> T3 3--^ o
Cfi

',2 3
a

II

^^

a>.a
fee fcx) el

I'g'J

=^ d '^
's'

3
13 o

d
o

d

CO

.lco|^

s^^.a

O
I—

I

O
d

C5
s

d
02

3

0>

o

.d

d
-3

d

B

a
a

s
3

d

5

s
&

3

"So

ft

d
'cS

01

T3
o

3
o

d
P

>

0>

60 d
3 tS
O 0)
>< >
m 3

'OJ o
b d
C5

0)

o©

'3
•—I

0)

o
,o

d
Ol

.d

d
3

5

TS 3

01 M

-S si
ai CO

01 -^l-^

d ^
CO ca t3

s-go.a
s.s a

d

bo
d

I
ft

a
o
o

d
«
CO

o
<u
ft

T3
01

ji
a
a
o
o
«>

d
3

0)

d

'a
'Ol

-a
o
9

^^
CO

1
C3

h^
a>

o>

3
o

01

'>

—

H

o
13
-»^

d
c4

-d

3
T3

•a

s
%>

o

o_d

d) d

d «
O

^
o
P<

3
-3
(71 .

3 3a^.x.

« «i-S

3 'S 3
C? I'S

-§5
m 3

O

>»

ou
<s
13

60

Qi

13

«
3

d

MM t-3

"£,
GO

« 3

he-:

-i

d

a
0>
It
3
«

3

o^^d
• *^

13 ^^ lO '^
"^

^rt » "
©OJ

-S o
t3 >n

CO I

60 3
3 CS

o 01

^ ^0) 3

I '0 d - o Ol . . .

2^13 to > to 5 "

O g g o

C3
Cj

m
C3

w o
. O O

nS o O

1^ ^

T3
o
ft

13

ft
CO

a

I—

i

T3

s a g
Ol a) aj

13 13 3

•S ^
+j d
CO o
d
3

o

a>

d3

^d

4, -a; -g ^ ^ 2
CO -^ C '-

§ 2
5 O

« d

60 3

O

C3

iog

3 ^' M
'5 S §
«3 ^^ O
60 •/! :^
3 a> ,-

tc d
3 ci o
3 ft >-»
". ^ o
'd CO >.

3 3m
ft O- ^

» ci 60
1= a3 a:i'^

e 3 =^

g-^ cs

'd _5a "S

c3 a) d
-^ S

'3

"^ d
dog
^:^ 60

->^ 3

CO o a>
1/3 •— -tj)

fi, ft d
3 -o)

3 g <«

^o a; ^
N 3 CO

^ c" »
o-o ^
o ^ ^
3 cr' JO

.?o ft

O >-.

-j^ O *5

'co.S
^ d Q.

m -^ ^ S

01
0)

T3
d

-t^ c€

-S a
a)

ea
•

d 01

ft ^
3 M
13 01

05

d

ft C3

g^
HPh

c3 -^r 60
d d

CO o "2
3 ftft
ft! <»

Its 01

a) _ 13
4J 3 _3-0 'a

«J 01

a> rK "^
130 a
01 d -2
-r 13 -d

3 13 cS is
O 3 7t 3
o CO O -^

O O c, W
^ ^^:-, «

.!i; o 01 aj

ft ^ - .d

§5
3 -"^ to

S -13 d
i- ~ 3 a;

60 3 S «

d^^ H
aj rs ^ 3

ftggd

a 3 Q ^
l-l .r ® IT

1. c "d d
" 2 d 2

2 d " C3

S ij! a

„ 3 c3 rt

d "^ d ^
aj ^d ^ a)

M a) '"' _-

13 drS g
—

I 3 aj a
a) g .> c3

"-a «3
c3

O 0) g
<« "'d 2
d a) w -

Q^T3

60
m

60
a>
13

3
(S

'3
CO

-t-»

a)

aT
*«

d
C3

3
U<

d

Q
13

13
£
'ft

'd

o
ft

a
13

d
d

a)
13

d
o
x>

o
'T3

a

d
3

a
01

o

cS

01

13
01

3
o

13

1. = >.
fli

fi .ac.a)^

O 01 13 00

3 3 "^®
•3 O^IJ«
^ ai'3j >i

3 m-h'

^ ai '^ *»

^ 3 u«i
en d 3 P(

- 2 "J
00 O^ga

0, bo^tf

'd
o
U5

60 3
3 d

a)

3
o
aO

W
©
CO

13

p.

00

'd

a
'S

3

CD

d

5

di3
a>
o

05
CO

© -H CO •*
*»

CO CO C5 © -^
CO CO CO

T3*5
cS cS
-' ft

^ a

3 -

^2

CO
03

r" *a)'^
60 CD 9
.So*

CO csg

13 /i ^
ai a£

O Ml>
P4



D'UNE PARTIE DE L'lLE D'ARRAN. 695

OJ o
<v

O"

... 3
g 0) _ te

. Sl0 3 a

3
O

^S5 S»Oto-

3 c S S

^3|

?,
<3'

5i

^ S< £
3 ® S

.5 g vo; aM j" « t-

g o o

'•^^
flJ -t-3 r

S £ S

CJ ^ c3

3 c«

»>°5 3

P 3 ffl

«-g 3

s -e

3

3

3 2
" o
a

*"

<y ^
3«

Sc§

i.S

o .

IE,
I—< oT

3^ .

r-. g <D

o ^ S
"> m S

-d m 3
a>
" "

S W iH

42 a „ >

si IS

0^ . on

t. CI ^S
« a .2 ET^c o 5 W)

0.-S S OS

OJ 3 3^5
3 S-S2
c hioa (^

o

a

in

S3

votq

H°o

a s-

O

C

O

a a
<D ID
T3 'T3

S bo . .

a 2 3

^. ^. ^u. ^. ^^>

a,
cc

v

O "^ "^ r^ "^
CO '^ •—

'
•'-' "-*

QQ

• r-t "TS T3

•flj ;o C^

oO
CO

o
in

5 ci

fcD

a

-a

o

© "73 "XJ 'C '^

s «

o<^

=1
o

a)

3

o

w
o
fe •

«

s

•53 g

C3

5
a =«

:,

t TI) "^ "^ "^

_3

•d "IS f3 ni "O

^ S 2 3 3M M M )-( M

> toU (U

•»

sin
M I»

~
ITS o
t- tiE^ll

ID -3

-ii 3 ?^
§-§ 3

C3 O 03

2 2 g
^-53 a

gaj

X5 O t>. CO OS
CO CO 03 eo 03

o
05

i :2;

bo

o

as

P.

a
asa
a

s
o

C3

a

B
m ^
•0 c

tN
tn 0^

>> M
ctf <U^ Q
Oi

a; OJ

0) C3

<o
Ol

CJ ^H

C8

b
3
CC

<o

s J2 -2

s

-^77- ?*

M ZJ ^^

o

o
f^

3
C3

t
g
&(
02

a)

Q

OQ

<u

^ 3

'S3 OT

.« 3

3 »
•3 te

3 a
^ -w

-t^.a 3'

|§a

a a'S
S1§
(U Sjoct'

O)
0)

a

.

^^ a
a-so 2-^ a,

cj a
XI «

S a
TO ID

« a
cd OJ

a "
.-H in
h V

o a

3 g

a-3

S-3
3 3
o3 -73 .

_jj 73 VCU

* g b

a* 3 o

-d >,-,

a— M

a .73

13
o

a -=>

P4

oo

.h a

'^ T3

O 01 ^

a c«

o

o
CO

3
u
O

QJ O

a
3

p< ©

01 o

ll
3.2 to

i! f-i

^a

CO

M><0.2
0) " -*^

1-5

!^3
13 O
<D ^
Q

-WTS

a
Ol

T3

&

^ CO _ g 03

O "6 [Vl '^'rt .

PiO o ;3 lO "
f3 00 O o !>• o

O 0)"— - ">

a^;^!"^
^ca

01

fee

s a

Ho
o o© O
(N 1-1

o
10
CO

a

f
Ol

a

a
o
Ph

=1

W

CO

« CO

0) 0)

CO CO

'O TJ

<C3

3

a
-d

ti bo O

<vi g 01

_g el cs ft a
<B tB *j a)

'3

M a "^-^-S

3 ti 3 'g 3

o '«) :a d o
Jh P<J2^ CO '^

-a

3

OJ
lO CO
cr- Oi

3
•d

r2 0)
-OJ4

'2-d
tuO 3
0) 'd
•d OJ

a a

3
"d

i

C3

a^cu
est

-de- uge

i ^<8
tn w
'£§2

'O

1 'Si?
leg nee,

s
le

OJ +j w CO =5 a
CD +-J MU "S ts

!: 'S-d

CQ
H

CO

^ to

a f7

A! 3KO
•d P,

ac»
d 'C3

s CO

3 'C3

a 3
IM
en 3

-SI
3 1=^

p a

M bo
.,, a

a
a; S
-P-d

3 .

"a

3 3 o
cS C3 a
dS.^

P .

CSq

02^

'S.'S- g

02

^0)

P(
Le

dyk
falaise.

quelqu

id,

-

0°

au

S.

20°

0.

id. !S ^

«i
0) a

^T3
go CO a

"d "d a>

"1.2 3
•d CO *i

O 3 CO Pi
' '-I p a <u

3 t^ 5)

-d § g-d
o—.0 2o u d a

c'.ss a
o"^ oi'd

^'£'=« 3

CO g

-!•!.

fd w

|l
QQ ^

-d i

3 Q>

•a CO 'd^ CO
cs-- 3
(M g.'d
i-H vot uj

•^.S'3

o

TS

O
3
c3

oO
IM

So
-d o •73 ti "^ T3

d CO

" p 2'2
« 5 S
5^

50

•-'
CO

NU

d r^

6C

lU

a^
O C3

3 go

bo
a
o

CO

o

>
o
P >

oO
03

02

o H
^°.o

oO

3
o
M'
3
cS
o

Pi t3

3 O
01 hT
Pi K-

3
® "3
1-^. C3

. o

•-' CO

WW
c o
>0 >P
CC TT

w
o

w g'3.--

15 =! P g

. 3 p!?;

Pi
W

C H
£8 p
Pi id

W

CO

: 01

CO

t3 0;-5

>n
CO ts 'n
rd 01 0)

"* «-s
2'ft-

Pi Pi

-d

'Pl
"* 2o 'a

01

01

C5 OJ

CO CO

-d fl

'

•a
QQ

s.a
i^n^

P
-« K
M ^ »

P^

o-P

*J CO

Oi Pi

<p p

»H P
3 1)

-d
2

'dTS 'C ^ T3
13 IS 13

•d
3

•d
•r-(

eo
05 C3

O —1
o o Mo CO T)i

o o U5
O CD 1



696 M. NECKER SUR LES DYKES DE TRAP

[A

3
O

c J,

•o o
S a.

•ft a
p

C3

w

IS

o

o

03

o
too

o

(4

d

o

a

5

5 r-l

<o J-

4)

el
o

bo

'3

T3 1)
<"• Ti

0)

o
3
o

3

&
0)

m

Pi

c8

CD a>

^ +3 ^ -M T

~ 3
o OS

I—

I

f-5 <u 5
c 2 e

--a -So s^S

—
< Srt « <" f<

-0)

^ C "

a, oj <<B
"-^

^0)

•1 § 3 g S-^.

^3^i'§:-
"—

'
-*3 '^ oO dj -^

c M o o 3

O
3
OS

cO

03

1^

go
3 "

P-l" o

2 I

•II
Ha

o

o

CO

C5

Q

W

^ 0) CD t-W (» t. ^
1:3 '3 3 M

t-4 Vl ^
s

<1 c3 a;J—'rd
cS—'

t. =3 1- _
m -^ .S -to

® !< m S
>~.

S> j= s g

5 5^ ri :-s »

p :n V

a> 3

S =s

0) 01 3 3
CO ^ ^-^ '3 o
-I "^ ^ fe «,

o S -3 -J <o

'^ s3.g

g_§)
w
«

® C3
'3:i< 3

<9

3<

3

pied
umen

de

la

•8

S =- C3

3 tc CO
cr^ o
"3 °^

ffl ^
s

0) ^M cd ?*•CM^
£

o
00

^ d ^
QJ

CO 0)

<Q
O 1 ^ ."S rs <o

o cS
Oi *"^

a"

-a •3
'T3

a ^
C

o ts -8" O
<D ^
im

"O
'^

~aj

5?

4-»^ c 3 c
« R 73 3 o
o

op

ce

3
O p^

« O "
-a
c

<u , Oj

t: w w "3

°«5

CO

CO

T3

M

3

O
05

oo
CO

3

o

1--.

1
-5
o

o

X —

o

w

a)

0)

T3
_<p

'p^

3
a>

>4

3

o

P' g

;S SO
=s

o ^

'5 c3 .S

.

m

3

<c«

3

O

0)

Si

0)

Q

6

4

P4

CO

a
'rt

to 1—

1

3
fL,

0/0)0

9 3

b C3 r-

P.

^ c3

bo

bo m

a>-

§11
'jlSO
£ «'W!
» 3

» is «

(i>.2

";s bo.--
e8 o 3 eS
•" a o t<•5- ^ "

kod

"5 5'»i

'a

3 g^ «W

J> e
-J-

(^ 3

bD3
3 cS
o O)
i- >
m 3^ o
^. ^

-3

o

•i-i

Pi

CO

p<

>1

3
0)

3

6

s-^
a; --rt

s
s

3.S
O S-i

a-r

g b
© DO ^^
^^ 3 «
!U O O
3 an3
CO

OS

tB

3
a
CO

3

O

O
o

T3

«
a

o
a

bC?> A 3
3 >S O
2 p'&s

-1^ ^4

t. ^O)

0)

OJ (ft

S5
3-§.^<;

'* 3
ro "a
V
:2 3

S;
3: ^

X a— o
3 C3-3.0
01.- -S ffi

1 oi -<D

a «

S-3 gH

'<s so

^ 3-

P.T3.
n 3
^ Ph en O

. ai o w 'w
Oj—1 OJ

J^ 3 o
; m « P-S

-a "^ <0 ™ OJ

•g o a, 3

• p. 7^ S

•^2; s p.

3 3 J^ cC

-o ^" ^ /flj

" s «^
§.2 a>

*

^ ^~3
t. (S

"

tri O:

P.^
3--
=,S.2'3

-.5.t>
CK'Oi'o o

3 « m
I

° K.3 O

2=3=3^3
.«— . ^ a^

a; *•;! 3

S = - ^ 2,aj .« •'s --S ci

Sfc.t;-* >>S3
cfl M 3 ^3 '3

13 T3

ra-ri

^ in
0)

M ^ «

TS T3

pl'p-
-^ CO

9.S"
'S 'S
</2 CO

3 a
3 3

<p
-*-; 3 M

- ? 3

SI'S

g I
3 aj i^

—1 iM

fees
3 C3
O OJ

« 3
^01 o

a

ft[V]

Vi 3

'P o

02

a>
13

— Ph

2 3 =
3 '-' M
5 _, o

§ 2-3

X a CJ
3 .S is

o be CO

in

CO

o s

He
'- =e

o c

O GO

O «

11

m *

= »
h '3

3 Ĵ
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An Account of the Iron Mines of Caradogh, near Tahreez in Persia, and

of the Method there 'practised of 'producing Malleable-Iron hy a single process

directly from the Ore. By James Robertson, Ci'cil and Mining Engineer,

Major Persiaifi Service, and late Director of the Shah's Ordnance IForks,

Persia; Cor. M. W.S., and Cor. F.A.SS.

(Read 2d March 1840.)

The ancient Greeks have laid claim to the earliest discovery of the method

of manufacturing iron, but it will appear that the art was known in Persia at

least as early as among the Greeks. The method of producing malleable-iron by

a single process directly from the ore, is not indeed quite unknown at the present

day, but it is believed to be altogether disused in Great Britain and throughout

Europe ; but there is no doubt that, in Britain, particularly at Castle Cough,

Glamorganshire, and at Furness, near Ulverston, in Lancashire, as well as else-

where, malleable-iron must have been known long before the discovery of cast-

iron. In the 17th century, malleable-iron appears to have been made directly

from the ore, in preference to the method now practised. In the Philosophi-

cal Transactions (for 1693, vol. xvii. p. 695), there is the following short notice

by Mr Sturdy, of the method as then practised at Milthorpe-forge in Lancashire.

" The forge is like a common blacksmith's, with a hearth made of sow-iron, in

which they make a charcoal fire, and put in ore, first broken into pieces like a

pigeon's egg ; it is melted by the blast, leaving the iron in a lump, which is never

in a perfect fusion ; this is taken out and beaten under great hammers, played

with water, and, after several heatings in the same furnace, it is brought into

Ijars. They get about one hundredweight of metal at one melting, being the pro-

duce of about three times as much ore ; no limestone or any other flux is used."

It has been doubted by an intelligent author (Farey on the Steam-Engine, p. 271),

whether, by the process here described, the iron was really made directly from

the ore, or only from pig metal. The existence, however, of a similar process at

the present day in Persia, evidently the same which has been practised in that

country from a very remote period, will make it appear not the least improbable

that iron may have been thus produced from the rich hematite or fibrous red

iron-ore of Lancashire.

The writer of this paper having resided for more than two years in the
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700 MR ROBERTSON ON THE IRON MINES OF CARADOGH. .

neighbourhood of the Persian mines, and having been during that time engaged

in superintending the manufacture of cast-iron, trusts that the following short

account of the mines, and of the very primitive process of the iron manufacture,

vrhich came constantly under his observation, may be found interesting, if it be

not also of some practical advantage, even where the manufacture is conducted

with all the refinements of modern scientific improvements.

We have no historical record from which to ascertain the period at which

the iron mines in the district of Caradogh were first wrought. But there is every

reason to suppose that they were resorted to from the remotest antiquity. The

district itself is very secluded, and is of a wild, forbidding aspect ; it has, without

almost any interval, formed part of the Median, and latterly of the Persian, em-

pire ; and, under the rule of native princes, has all along been free from the re-

volutions which have so frequently convulsed Western Asia. The iron mines

themselves also bear evident marks of antiquity. They form large quarry-like

excavations, thickly surrounded by immense tumuli of iron-sand and small pieces

of ore, thrown out in the course of working. Upon a rough calculation, founded

on the size of the excavated hollow which it exhibits, one only of the numerous

iron mines which abound in the district, was estimated by the writer of this no-

tice to have now afforded above 4,000,000 cubic feet of iron-ore. Taking the spe-

cific gravity of the ore at 5, a cubic foot would weigh about 300 lb., and conse-

quently seven cubic feet would weigh about a ton ; and 4,000,000 cubic feet, the

total quantity excavated from that mine, would weigh 571 ,428 tons. Now, at

the present day, 2000 horse loads is a full allowance for the yearly quantity

carried away, and as each horse carries about 2 cwt., we have a total of 200

tons per annum as the exported produce at present. It may be reasonably as-

sumed, that this quantity has, upon an average, never been exceeded during the

many ages in which the mines have been wrought. Indeed, this estimate cer-

tainly exceeds the actual average yearly produce ; for although a considerable

quantity of Russian iron is now imported, to supply the increasing wants of the

inhabitants, it cannot be imagined that, in periods of their early history, the na-

tives would require nearly so much iron as they now do. Upon that assumption,

and without taking into account the other neighbouring mines, it would follow

that 2857 years have passed since the soil was first removed from the surface of

the mine alluded to. Were the other neighbouring mines taken into account, the

antiquity of the whole would be proportionally increased. The writer has not by

any means stated these as calculations, or as at all approximating to accuracy,

but still he thinks that, from such data, fanciful as they may in some measure

appear, an estimate may legitimately be formed on the very great antiquity of

the Persian mines.

The native smiths are dispersed in small hamlets, situated in the woods

which clothe the sides of the ravines, through which the mountain torrents flow
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into the river Arras (the ancient A.raxes). The iron which is produced, al-

though soft, is extremely tough. It is much superior to the Russian iron, with

which the greater part of Asia is now supplied, and is manufactured chiefly into

horse-shoes, and horse-shoe nails, for which there is a great demand in Tabreez

and the surrounding districts, and among the Koords or Nomadic tribes who fre-

quent the mountain pastures in summer. The trade in it is shared between the

Mahomedans and the native Armenians ; and although by no means extensive or

deserving the name of the " Persian iron trade," it gives employment to a con-

siderable part of the population, in quarrying the ore, burning the charcoal, and

transporting these articles to the forge.

There are numerous mines in Caradogh, affording iron-ore of the most valua-

ble description, and of various kinds ; but those held in the highest estimation

are the Jewant, Koordkandy, and Marzooly ores.

The Jewant mine is situated in an immense vein of red iron-ore. This ore,

on its fracture, often exhibits streaks of prismatic colours, as if at one time it had

been subjected to the action of heat ; quantities of iron-sand are dispersed in the

interstices of the vein.

The Koordkandy mine, situated on the summit of a very steep mountain, pro-

duces rich magnetic iron-ore, from a vein of great dimensions. The Marzooly

mine also affords excellent magnetic iron-ore in great abundance. The vein in

which the last is situated runs across several hills, and is in most parts 100 feet

in width.

In working these mines, the richest pieces only of the ore are carried away,

the remainder is thrown aside. They are worked very irregularly, and without

concert, as there is no restriction imposed as to the mode of mining by the Go-

vernment. A few individuals sink a shaft through the rubbish, and excavate as

much as they require ; another party soon after arrive, and fill the first hollow up

in the course of sinking another shaft ; and in this way the rubbish is repeatedly

turned over, and gradually subsides and is consolidated into a mass as the ore is

removed from beneath, thus forming a serious obstacle to any one who might at-

tempt to work the vein in a more regular manner. The ore is carried to the vil-

lages only during the summer, as the depth of the snow in winter renders the

mountain paths impassable. It is there retailed to the smiths, who pm'chase a

horse-load of 2 cwt. for about Is. Sterling, or 10s. per ton.

The ores above described, when smelted singly, produce that kind of iron

which by English workmen is called hot-short, and by the Persians salt-iron.

The smiths, however, by means of a mixture, produce iron of an excellent qua-

lity, which they term sweet-iron. The most common mixture is two parts Jewant

ore to one of Koordkandy, and two parts of Koordkandy to one of Marzooly.

Materials for smelting the ore are found in an extensive natural forest which

occupies the central parts of the district of Caradogh. This forest covers the flat



7Q2 MR ROBERTSON ON THE IRON MINES OF CARAUOGH.

bottoms between the mountains, and spreads to a considerable height up their

sheltered sides, dwindling into dwarf trees and bushes in the elevated and more

exposed situations. It consists chiefly of coppice oak, which springs from the

roots of trees cut and recut during a long succession of years. This jungle is

partitioned among the villages situated on its confines, the inhabitants of which

earn a livelihood by supplying the city of Tabreez and adjoining towns with

fuel.

The charcoal is made in the following manner : A rectangular hollow is dug

in the earth, about twelve feet long, six feet wide, and four feet deep. The sides

are formed of the natural ground, or common alluvial cover ; a small sloping

doorway is cut at one end, and at the other a chimney is built rising to the

height of about six feet. The pit is filled up to the level of the ground with cut

branches of all dimensions, placed horizontally and lengthways in the hollow,

and are covered over with earth, and secured effectually against the admission of

air, excepting by a small hole in the built-up door-way, which is left open to pro-

duce a current ; the heap is kindled through the small opening in the door-way,

and after it has burned for two or three days the covering is removed, and the

charcoal thus produced is then stored for sale. One of these hearths will produce

about one ton of charcoal, which sells at thirteen shillings sterling.

The charcoal thus produced, however, is seldom used in the manufacture of

iron, the smiths preferring that prepared in the following manner : The cut

branches are merely laid horizontally on the surface of the ground, and piled up

to a considerable height ; having been lighted from beneath, they are allowed to

burn in the manner of an open fire, till the smoke and flame have nearly ceased ;

the fire is then quenched with water, when there remains a charcoal which is

very light, and is found to reduce the ores of iron in a much less time than the

heavier charcoal produced by the first method.

As the iron is manufactured on a very small scale, a very simple forge an-

swers the purpose. It consists merely of a hollow hearth dug out of the clay

floor of the hut, about fourteen inches square in the bottom, and nine inches deep,

for receiving the ore and fuel ; and of another hearth immediately thereto adjoin-

ing, intended to receive the slag, and consisting of a larger excavation, about

three inches deeper than the former, and situated betwixt it and the wall at the

other extremity in which the chimney is constructed. A wall is built on each of

the two sides, two or three feet high, and the whole is covered over with large

stones capable of resisting the action of the fire. The whole of the first or iron-

hearth into which the blast is introduced is left open above and at the sides ; but

a low wall is built next the bellows to prevent the heat from injuring them. The

whole is afterwards plastered over wi clay and chopped straw, in order to main-

tain the draught of the chimney entire. The chimney is carried up through the

wall of the hut, and seldom rises higher than its roof.
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The construction and dimensions of these hearths, and of the different imple-

ments required in working them, will be best explained by the accompanying
drawings.

Fig 2.

Fig. 3. Fig. 4.

Fig. 9. Fig. 5. Fig. 6.

Scale.

12 C 1

Inches. Imul'jiuj L
7 8 e 10

Feet.
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\r

Fig. 7.

Fig. 8.

Fio-. 10.

Fig. 11.

Fig. 12.

'^L

Fig. 13.

Fig. 14.

Scale.

12 6

Inches.
I i i I ii I m I i i I

Feet.

DESCRIPTION OF FIGURES.

Ground-plan of forge.

A pair of double bellows.

Vertical section of the forge and chimney.

Side view of forge.

Side view of forsre.

Side view of bellows.

End view of forire.

Fig. 1.

Fig. 9.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. 9.

Fig. 5.

Fig. 6.

Figs. 7> 8, 10, II, 12, 13, 14, Tools employed in the manufacture.

Section of ore-hearth through the centre.
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The operator having carefully selected charcoal of a small size and light

weight, proceeds to clear it from dust and sand with a small meshed riddle, re-

moving all the heavy pieces of charcoal or stones that may be accidentally mixed

with it. The raw ore being next selected and mixed, and being broken into small

pieces about the size of a hazel-nut, is thoroughly moistened with water. A dam
is then made between the iron and slag hearths, composed of charcoal and char-

coal dust Avell rammed down, and the top is coped with iron-slag from a former

smelting. The following sketch will shew this arrangement

:

The Twyere pipe (Fig. 7), which is made of white clay, and bears a violent

heat for a long time without melting, is then inserted through the small hole in

the side wall of the first iron hearth. The point of the pipe is made to reach

half-way across the iron hearth, and within six inches of the bottom, as shewn in

Fig. 6. A layer of charcoal, of three inches thick, is then spread over the bottom

of the iron hearth, and upon this two other layers laid across, one directly under

the Twyere pipe of about six inches in breadth and three inches deep, and the

other at the front of the hearth of the same thickness, to correspond with the

overlying part of the dam. Tlie two trenches which are thus formed are filled

up with the moistened ore, well rammed down. A second layer of charcoal, in a

state of ignition, is thereafter laid over the former under the twyere pipe, and

other successive layers of charcoal and ore are filled in, corresponding with those

in the bottom. When the hearth has been nearly filled up in this way, a covering

of charcoal is spread over the surface of the whole on a level with the top of

the dam. The bellows are then blown, and a workman, who stands at the side

of the hearth, keeps constantly pushing doA^'n the charcoal in the middle with an

iron rod (Fig. 8), and from time to time throAvs small quantities into the centre

of the fire as it gradually subsides. At the commencement, one man at a time is

sufficient to blow the bellows, but, towards the close, two are required, the one

standing behind the other. The bellows, of the form shewn in the figure marked

9, are in general use all over Persia. After blowing for an hour or an hour and

a half, part of the twyere pipe having melted from the violence of the heat, the

blast is stopped for a moment, for the purpose of pushing the t\yyere pipe farther

in towards the centre of the hearth. It is then again continued, and in about
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three hours, or three and a half hours from the commencement, the ore becomes

consolidated, but not fused. The blast is then again stopped until that half

of the bloom which is next to the slag hearth is turned over with an iron bar

(Fig. 10), and pushed on the top of the dam, while the other half is turned round

to the centre of the fire. The blast is then immediately recommenced, and the

metal of the half bloom in the centre of the fire speedily falls to the bottom. The

remaining half of the bloom is then drawn into the centre, and treated in a simi-

lar manner, very little charcoal being placed on the top of the fire during this

part of the process. When the metal has entirely disappeared by sinking to the

bottom of the hearth, the whole semifluid mass is stkred about for a quarter of

an hour longer with an iron rod (Fig. 10). The blast being then stopped, the

twyere pipe is withdrav/n, and the operator taking his shovel (Fig. 13), pushes

the burning charcoal together with the dam into the lower hearth ; the slag im-

mediately runs off, and exposes the glowing iron lying in the bottom of the upper

hearth ; the metal is then beaten with the back of the shovel into a more solid

state, and after being dexterously cut with an iron chisel bar (Fig. 11), from the

sides of the hearth, and forced from the bottom, it is removed to the floor of the

hut with a large pair of tongs (Fig. 12). The iron is next beaten with large

hammers as it lies on the ground, in order to expel the slag and other impurities

from its pores ; and after being in this way formed into a rough mass, it is lifted

to the anvil, when it is again hammered into a more regular shape. It is next

cut into two pieces with large hammers (Fig. 1 4), and is then fit for being drawn

into bars of the dimensions required.

At a single smelting, one hearth generally afibrds about 30 lb. of malleable

iron, to produce which there is only required about double that quantity of ore,

and three times the weight of charcoal. One smith with his assistants will make
about three or four smeltings in one day, or 1 cwt.

It must strike every one acquainted Avith the iron manufacture, that this

t/ield is in a high proportion to the materials used. In England, about four tons

of raw ore and eight tons of coal are required to produce one ton of bar-iron

;

while, by the process above described, the same quantity of iron, of a much supe-

rior quality, is produced in Persia from less than half of these materials. The

greater productiveness is no doubt to be attributed in a great measure to the su-

perior richness of the Persian ores, and the use of charcoal ; but the simplicity of

the process must also have a considerable share in diminishing the waste of ma-

terials ; for the roasting, smelting, refining, puddling, shingling, balling, and

drawing-out, or something very similar, is all there effected, as it may be said, at

one heat, and in a very few hours.

The rich iron-ores of Cumberland and Lancashire, and many others in Bri-

tain, particularly the blackband ironstone of Scotland, which has so recently at-

tracted tlie attention of iron-masters, if manufactured in the same manner, would
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undoubtedly produce similar results, and thus create a great saving in time, la-

bour, and capital, as well as diminish the waste of materials.

In conclusion, the writer would beg once more to draw attention to the fact

that malleable-iron can be readily made directly from the ore, contrary to what

he believes to be the prevalent opinion in this country.

Since writing the preceding pages, the writer has had an opportunity of be-

coming acquainted with a similar process to the one already described, now suc-

cessfully practised near the town of Malatia on the S3a-ian frontier, in the central

parts of Asia Minor. The iron-ores in this district are of the richest description,

and were examined by the writer at the command of the Turkish government,

with the view of establishing iron-works on the scale of British iron-works, for

the supply of the Turkish ordnance. The method there pursued is, if possible,

still more simple than that of the Persians, as the furnaces are in the form of a

small cupola, and the fuel is simply dry wood.
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AND

LIST OF MEMBERS ELECTED AT THE ORDINARY MEETINGS,

SINCE MAY 2. 1836.





PEOCEEDINGS, &c.

November 28. 1836.

> Vice-Presidents.

At a General Meeting held this day, Dr Hope, V. P., in the Chair, the following Office-

bearers were elected for the ensuing year :

—

Sir T. Makdougal Brisbane, Bart., K. C. B., President.

The Hon. Lord Glenlee, \

Dr Hope,

Sir D. Brewster,

Right Hon. Lord Greenock,

Bev. Dr Chalmers,

Dr Abercrombie,

John Bobison, Esq., General Secretary.

Dr Christison, 1 „ • , /^ i- ^i^

^ „ _ V becretanes to the Urdinary Meetings.
Professor Forbes, j

Charles Forbes, Esq., Treasurer.

Dr Traill, Curator.

John Stark, Esq., Assistant Curator.

counsellors.

Sir George Ballingall, M. D. George Forbes, Esq.

J. T. Gibson-Craig, Esq. Rev. Dr Welsh.

Hon. Lord Meadowbank. Sir H. Jardine.

Thomas Thomson, Esq. Sir Charles Bell.

Venerable Archdeacon Williams. David Milne, Esq.

Professor Henderson. James Smith, Esq.

The following Fellows, in terms of Law XXI., were appointed a Committee to audit the

Treasurer's accounts :

—

Sir Henry Jardine. John Stark, Esq.

Claud Russell, Esq.
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712 PROCEEDINGS OF GENERAL MEETINGS,

January 2. 1837.

MEMBERS ELECTED.

ORDINARY.

John Archibald Campbell, Esq[. W. S.

January 16. 1837.

John Scott Russell, Esq. A. Smith, Esq., B. A, F. T. C, Cambridge.

Charles Maclaren, Esq.

February 20. 1837.

Richard Parnell, M. D. P. D. Handyside, M. D.

At an Extraordinary General Meeting, held on Wednesday 12th July 1837, the Right

Hon. Lord Greenock, V. P., in the Chair, it was resolved unanimously to present an Address

of Condolence and Congratulation to Her Majesty the Queen, on the occasion' of her ac-

cession.

A draft of an Address having heen read and approved of, it vpas moved hy Mr G. J. Bell,

and seconded by Dr Traill, that it be adopted ; which, on being put from the Chair, was

unanimously agreed to.

On the motion of Dr Borthwick, seconded by Mr T. Thomson, it was resolved to pre-

sent an Address of Condolence to Her Majesty the Queen-Dowager ; and it was remitted to

the Council to prepare it, and to forward the two Addresses for presentation.

The Addresses here follow :

—

TO THE QUEEN.

May it please your Majesty,

We, the President and Fellows of the Royal Society of Edinburgh, established under

the patronage of your Majesty's Royal Grandsire, for the promotion of Letters and Useful

Science, most humbly approach your Majesty with the loyal tender of our duty and homage.

Whilst we join in the general condolence of our fellow-subjects on the lamented demise

of a Sovereign, endeared by many great and good qualities to the nation over which he had

ruled with a truly paternal benignity and care, we hail with auspicious hopes, and most ardent

prayers, the opening prospects of a reign which, even in the first acts of your Majesty's so-

vereignty, has commanded the admiration and secured the affection of all your Majesty's loyal

subjects.

Among the great public virtues which have distinguished your Majesty's Royal Prede-

cessors, and by which their reigns have been pre-eminently illustrated and adorned, it is more

peculiarly our duty, in this Society, to commemorate their truly noble and patriotic efforts for

the promotion of Literature, of Science, and of the Useful and the Elegant Arts ; and, in the

firm and loyal confidence that these peaceful glories of the past age will suffer no diminution

under your Majesty's gracious influence, it shall be our province and duty to contribute our

humble endeavours for the farther advancement of the proper objects of our social institution,

and to merit the continuance of that Royal patronage and support by which our labours have

been hitherto encouraged and upheld.
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That your Majesty may long continue to sway the sceptre of your, ancestors over a loyal

and happy people, is the earnest prayer of,

May it please your Majesty,

Your Majesty's most dutiful subjects and servants,

The President and Fellows op the Royal
Society of Edinburgh.

Signed in name and by appointment of the Society,

Thomas Makdougal Brisbane, P.

John Eo bison, Sec.

TO THE QUEEN-DOWAGER.

May it please tour Majesty,

We, the President and Fellows of the Royal Society of Edinburgh, beg leave to be

permitted to approach your Majesty with the loyal expression of our sincere and deep-felt

sorrow at the demise of our late most Gracious Sovereign. Under the severe pressure of an

event so calamitous, it must be soothing to the best feelings of your Majesty's heart, that the

reign of your Majesty"'s beloved and lamented Consort, alas too short ! had gained for him the

imperishable glory of having v^rell approved himself one of the best of Kings,—the beneficent

and venerated Father and Protector of his people.

In retiring from the more bm'thensome cares and duties of Royalty, your Majesty will

carry with you, and be blessed in the consciousness of having well earned, the gratitude and

loyal affection of a great and enlightened nation ; and whilst, in these sentiments, we cordially

join in the universal consent of all the faithful subjects of his late Majesty, we cannot omit to

commemorate our sense of the peculiar obligations under which this Society (established for

the promotion of Letters and useful Science), has been laid by his late Majesty's princelv

munificence ; and by means of which we may hope the more effectually to advance the im-

portant objects of our social institution.

That your Majesty may be speedily restored to serenity and peace of mind, and may
continue to reap the inestimable fruits of a life well spent in the faithful discharge of all the

high duties which it has been your Majesty's lot to sustain, is the earnest prayer of,

May it please your Majesty,

Your Majesty's most loyal and devoted servants.

The President and Fellows of the Royal
Society of Edinburgh.

Signed in name and by appointment of the Society,

Thomas Makdougal Brisbane, P.

John Robison, Sec.

Edinburgh, 14«A July 1839.

Memorandum.—On application having been made by the Secretary at the Home Office,

it was ascertained that the Address to the Queen could be presented by a Deputation only at
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a Levee ; and as no Levee was to be held in the interval between the time at which the Ad-

dress was drawn up, and the month of January 1838, the Secretary thought himself justified

in transmitting the Address through the Secretary of State for the Home Department, which

was accordingly done, and an acknowledgment of it having been laid before Her Majesty, and

having been very graciously received, was subsequently received from Lord John Russell.

The Address to the Queen-Dowager was transmitted through Her Majesty's Chamber-

lain, Earl Howe, and a similar acknowledgment was received through the same channel.

Letter from Lord John Russell.

Sir, Wliitehall, Nov. 20. 1837.

I have had the honour to lay before the Queen the loyal and dutiful Address on

the occasion of Her Majesty's accession to the Throne, from the President and Fellows of the

Royal Society of Edinburgh, and have to inform you that the same was very graciously re-

ceived by Her Majesty.

I have the honour to be, Sir, your obedient servant,

(Signed) J. Russell.

To the President of the Royal Society

of Edinburcfh.•&*

Letter from Earl Howe, Lord Chamberlain to Her Majesty Queen Adelaide.

Sir, - St Leonards, IQth Nov. 1837.

I have not failed to submit the Address of kind condolence from the President and

Fellows of the Royal Society of Edinburgh to Queen Adelaide, and am honoured by Her

Majesty's commands to express how consolatory has been to the Queen-Dowager's feelings

this proof of attachment to herself, and of respect for the memory of the late King.

I have the honour to be, Sir, your obedient humble servant,

(Signed) Howe.

To Sir T. M. Brisbane, Bart.

November 27. 1837.

At a General Meeting held this day, Dr Hope, V. P., in the Chair, the following Office-

bearers were elected for the ensuing year :

—

Lieut.-Gen. Sir Thomas Makdougal Brisbane, Bart., G. C. B., President.

The Right Hon. Lord Glenlee,

Dr Hope,

Sir David Brewster, K. H.

Eight Hon. Lord Greenock,

Rev. Dr Chalmers,

Dr Abercrombie,

Sir John Robison, K. H., General Secretary

Dr Christison,

Professor Forbes,

Charles Forbes, Esq., Treasurer.

Dr Traill, Curator of the Museum.

John Stark, Esq., Assistant Curator

Vice-Presidents

.

I Secretaries to the Ordinary Meetings.
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COUNSELLORS.

Venerable Archdeacon Williams. , David Milne, Esq.

Professor Henderson. James Smith, Esq.

George Forbes, Esq. Dr Greville.

Rev. Dr Welsh. T. Jameson Torrie, Esq.

Sir H. Jardine. Sir James Miles Riddell, Bart.

Sir Charles Bell, K. H. Professor Dunbar.

The following Committee was appointed to audit the Treasurer's accounts :

—

Sir Henry Jardine. John Stark, Esq.

Claud Russell, Esq.

MEMBERS ELECTED.

December 4. 1837.

ordinary.

John Clark, M. D., K. H.

January 1. 1838.

William Nicol, Esq.

honorary.

March 5. 1838.

Professor Tiedemann, Heidelberg. Professor Muller, Gottingen.

ordinary.

May 7. 1838.

William Scot, Esq. H. E. I. C. Service. Alan Stevenson, Esq. Civil Engineer.

Thomas Mansfield, Esq. Accountant.

November 26. 1838.

At a General Meeting held this day, Dr Hope, V.P., in the Chair, the following Office-

bearers were elected for the ensuing year :

—

Sir T. Makdougal Brisbane, Bart., G.C.B., President.

The Hon. Lord Glenlee,

Dr Hope,

Sir David Brewster, K. II, tt- tw • i
,> Vice-Presidents.

Bight Hon. Lord Greenock,

Rev. Dr Chalmers,

Dr Abercrombie,

Sir John Robison, K.H., General Secretary.

Dr Christison,
\

T, -. „ > Secretaries to the Ordinary Meetings.
Protessor 1 orbes, J

.< &

John Russell, Esq., Treasurer.

Dr Traill, Curator.

John Stark, Esq., Assistant Curator.

VOL. XIV. PART II. 6* Y



716 PROCEEDINGS OF GENERAL MEETINGS,

COUNSELLORS.

Sir H. Jardine.

Sir Charles Bell, K. H.

David Milne, Esq.

James Smith, Esq.

Dr Greville.

T. Jameson Torrie, Esq.

Sir James Miles Riddell, Bart.

Professor Dunbar.

Thomas Thomson, Esq.

Rev. John Sinclair.

Dr Graham.

J. Scott Russell, Esq.

The following Fellows were appointed a Committee to audit the Treasurer's accounts :

—

John Mackean, Esq. William Paul, Esq.

J. T. Gibson-Craig, Esq, W. A. Cadell, Esq.

MEMBERS ELECTED.

ordinary.

January 7. 1839.

.Tames Auchinleck Cheyne, Esq. of Kilmaron. David Smith, Esq., W. S.

January 21. 1839.

Adam Hunter, M.D. Henry Marshall, Dep. Insp. Gen. of Army Hospitals.

Rev. Philip Kelland, A.M., Professor of Mathematics.

March 4. 1839.

William Ferguson, Esq., Surgeon.

March 18. 1839.

William Alexander, Esq., W.S. F. Brown Douglas, Esq., Advocate.

April 1. 1839.

Lieutenant-Colonel Swinburne.

November 25. 1839.

At a General Meeting held this day, Dr Hope, V. P., in the Chair, the following Ofl&ce-

bearers were elected for the ensuing year :

—

Sir T. Makdougal Brisbane, Bart., G.C. B., G.C.H., President.

The Hon. Lord Glenlee,

Dr Hope,

Sir David Brewster,

Right Hon. Lord Greenock, K.C.B.

Rev. Dr Chalmers,

Dr Abercrombie,

Sir John Robison, K.H., General Secretary.

Dr Christison,
\ ^ . , ^ ,. t,t •

^ \ Secretaries to the Ordinary Meetings
Professor Forbes, J

John Russell, Esq., Treasurer.

Dr Traill, Curator of Library and Instruments.

John Stark, Esq., Curator of Museum.

Vice-Presidents.
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COUIJSELLORS.

Dr Greville. Dr Graham.

T. Jameson Torrie, Esq. Dr Alison.

Sir James Miles Riddell, Bart. Sir Henry Jardine.

Professor Dunbar. John Shank More, Esq.

Thomas Thomson, Esq. Professor Henderson.

J. T. Gibson-Craig, Esq. Professor Kelland.

The following Committee was named to audit the Treasurer's accounts :

—

J. T. Gibson-Craig, Esq. William Paul, Esq.

W. A. Cadell, Esq.

MEMBERS ELECTED.

ORDINARY.

January 6. 1840.

Alan A. Maconochie, Esq., Advocate. Martyn J. Roberts, Esq.

Robert Daun, M. D., Dep. Insp. Gen. of Army Hospitals.

February 3. 1840.

Robert Chambers, Esq. Sir John MacNeill, G.C.B.

James Forsyth, Esq.

Memorandum.—^"id February 1840.—At the ordinary meeting of this date, it was proposed

to the Society by the Council, that an Address should be presented to the Queen on the occa-

sion of her Marriage. The meeting having agreed to this measure, the following draft of an

Address was read, and a remit was made to the Council to prepare the Address for transmis-

sion, and to take the necessary steps for having it presented to Her Majesty.

TO THE QUEEN.

May it please your Majesty,

We, the President and Fellows of the Royal Society of Edinburgh, established for the

promotion of Letters and Science, feel it to be our bounden duty to join with all your Majesty's

faithful and loyal subjects in offering our sincere and cordial congratulations on the auspicious

union of your Majesty with an illustrious Prince, who has become the fortunate object of your

Majesty's choice, in circumstances which afford to your Majesty's devoted subjects the fullest

assurance that, under a gracious Providence, it cannot fail to contribute to your Majesty's do-

mestic happiness, and to alleviate the burden of those cares, and of those high and arduous

duties to which, for the happiness of those realms, your Majesty has been called.

That your Majesty and your Royal Consort may long live in the undisturbed enjoyment

of public and private prosperity, is the earnest prayer of,

May it please your Majesty,

Yom- Majesty's most dutiful subjects and servants,

The President and Fellows of the Royal
Society op Edinburgh.

Signed in name and by appointment of the Society,

Thomas Makdougal Brisbane, P.

John Robison, Sec.
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At the ordinary General Meeting held on the 2d March 1840, the following letter was

read :

My Dear Sir, Kensington Palace, February 1840.

At the last Levee I had the honour of presenting to Her Majesty the loyal Address

of the President and Fellows of the Royal Society of Edinburgh, which the Queen was pleased

to receive most graciously.

I remain, with consideration, dear Sir,

(Signed) Augustus.

To Sir Th. M. Brisbane, Bart. G. C. B.

Pres. R. S. Ed.

February 17. 1840.

John Cockburn, Esq. Rev. C. H. Terrot.

Sir William Scott, Bart.

March 2. 1840.

Rev. R. Traill, D.D, Edward J. Jackson, Esq.

Robert Bryson, Esq.

March 16. 1840.

John Shedden Patrick, Esq. John Learmonth, Esq.

April 6. 1840.

G. A. Stuart, Esq. Right Hon. T. B. Macaulay, M.P.

April 20. 1840.

Gilbert Laurie Finlay, Esq. John Thomson, Esq.

John Mackenzie, Esq.
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LIST OF THE PRESENT ORDINARY MEMBERS IN THE ORDER
OF THEIR ELECTION.

Major-Gen. Sir THOMAS M. BRISBANE, Bart, G.C.B., fcc, F.R.S.Lond.,

PRESIDENT.

Date of

Election.

Sir William Miller, Baronet, Lord Glenlee.

The above Gentleman is the only surviving member of the Edinburgh Philosophical Society.

THE FOLLOWING MEMBEES WERE REGULAELY ELECTED.

1787 James Home, M. D. Professor of the Practice of Physic.

1788 Thomas Charles Hope, M.D,, F.R.S.Lond. Professor of Chemistry.

Right Honourable Charles Hope, Lord President of the Court of Session.

1798 Alexander Monro, M.D. Professor of Anatomy, 8fc.

1799 Sir George Stuart Mackenzie, Baronet, F. R. S. Lond.

Robert Jameson, Esq. Professor of Natural History.

1802 Colonel D. Robertson Macdonald.

1804 William Wallace, LL.D. Emeritus Professor of Mathematics.

1805 Thomas Thomson, M.D., F.R.S.Lond. Professor of Chemistry, Glasgoiv.

1806 Robert Ferguson, Esq. of Baith, F.R. S.Lond.

George Dunbar, Esq. Professor of Greek.

1807 John Campbell, Esq. of Carbrook.

Thomas Thomson, Esq. Advocate.

1808 James Wardrop, Esq. Surgeon Extraordinary to his Majesty.

Sir David Brewster, K.H., LL.D,, F.R.S.Lond.

1811 Sir Charles Bell, K. H., F.R.S.Lond. Professor of Surgery.

David Ritchie, D. D. Emeritus Professor of Logic.

Major-General Sir Thomas Makdougal Brisbane, Bt, G.C.B., G.C.H., F.R.S.Lond.

John Thomson, M. D. Professor of General Pathology, Edinburgh.

James Jardine, Esq. Civil Engineer.

Captain Basil Hall, R. N., F.R. S. Lond.

J. G. ChUdren, Esq. F.R.S.Lond.

Alexander Gillespie, Esq. Surgeon, Edinburgh.

W. A. Cadell, Esq. F.R. S. Lond.

Macvey Napier, Esq. F. R. S. Lond. Professor of Conveyancing,

James Pillans, Esq. Professor of Humanity.
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Date of

Election.

1812 Sir George Clerk, Bart. F.R. S. Lond.

Daniel Ellis, Esq. Edinburgh,

1813 William Somerville, M.D., F.R.S. London.

J. Henry Davidson, M. D. Edinburgh.

1814 Sir Henry Jardine, King's Remembrancer in Exchequer.

Patrick NeUl, LL. D. Secretary to the Wernerian and Horticultural Societies.

Right Honourable Lord Viscount Arbuthnot.

John Fleming, D. D., Professor of Natural Philosophy, King^s Coll.., Aberdeen.

Alexander Brunton, D. D. Professor of Oriental Languages,

Professor George Glennie, Marischal College, Aberdeen.

1815 Robert Stevenson, Esq. Civil Engineer.

Sir Thomas Dick Lauder, Baronet, of Fountainhall.

Henry Home Drummond, Esq. of Blair-Drummond.

Sir Charles Granville Stuart Menteath, Bart, of Closeburn.

William Thomas Brande, Esq. F. R. S. Lond., and Professor of Chemistry in

the Boyal Institution.

1816 Colonel Thomas Colby, F. R. S. Lond. Boyal Engineers.

Leonard Horner, Esq. F. R. S. Lond.

Henry Colebrooke, Esq. Director of the Asiatic Society of Great Britain.

George Cooke, D. D. Professor of Moral Philosophy, St Andrercs.

Honourable Lord Fullerton.

Sir John Robison, K. H. Edinburgh.

Hugh Murray, Esq. Edinburgh.

1817 Right Honourable Earl of Wemyss and March.

John Wilson, Esq. Professor of Moral Philosophy.

Hon. Lord Meadowbank.

Sir James Hamilton Dickson, M. D. Clifton.

William P. Alison, M. D. Professor of the Theory of Physic.

Robert Bald, Esq. Civil Engineer.

1818 Robert Richardson, M. D. Harrowgate.

Patrick Miller, M. D. Exeter.

John Craig, Esq. Edinburgh.

John Watson, M. D.

John Hope, Esq. Dean of Faculty.

William Ferguson, M. D. Windsor.

1819 His Grace the Duke of Argyll.

Patrick Murray, Esq. of Simprim.

James Muttlebury, M. D. Bath.

Thomas Stewart Traill, M. D. Professor of Medical Jurisprudence.

Alexander J. Adie, Esq. Optician, Edinburgh.

William Couper, M.D. Glasgow.

Marshall Hall, M. D. Nottingham.

John Borthwick, Esq. Advocate.

Richard Phillips, Esq. F. R . S. Lond.
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Date of

Election.

1819 Reverend William Scoresby, Exeter.

George Forbes, Esq. Edinburgh.

1820 James Hunter, Esq. of Thurston.

Right Honourable David Boyle, Lord Justice-Clerk.

James Keith, Esq. Surgeon, Edinburgh.

James Nairne, W. S. Edinburgh.

Charles Babbage, Esq. F.R. S. Lond.

Thomas Guthrie Wright, Esq. Auditor of the Court of Session. '

Sir John F. W. Herschel, Bart., F.R. S. Lond.

Adam Anderson, A.M., LL.D. Prof. Nat. Phil. St Andrews.

John Shank More, Esq. Advocate.

George Augustus Borthwick, M.D. Edinburgh.

Samuel Hibbert Ware, M. D.

Robert Haldane, D.D. Principal of St Mary's College, St Andrews.

Sir John Meade, M. D. Weymouth.

Dr William Macdonald of Ballyshear.

Sir John Hall, Baronet, of Dunglass.

Sir George Ballingall, M.D. Professor of Military Surgery.

1821 Robert Graham, M.D. Professor of Botany.

Sir James M. Riddell, Baronet, of Ardnamurchan.

Archibald Bell, Esq. Advocate.

John Clerk Maxwell, Esq. Advocate.

John Lizars, Esq. Surgeon.

John Cay, Esq. Advocate.

Robert Kaye Greville, LL.D. Edinburgh.

Robert Hamilton, M.D. Edinburgh.

Sir Archibald Campbell, Baronet, of Garscube.

Sir David Milne, K.C.B.

A. R. Carson, Esq. LL.D. Pector of the High School.

1822 Sir Francis Chantrey, F.R.S. Lond.

James Smith, Esq. of Jordanhill, F. R. S. Lond.

William Bonar, Esq. Edinburgh.

Captain J. D. Boswall, R.N. of Wardie.

George A. Walker-Arnott, Esq. Advocate.

Very Reverend John Lee, D. D. Principal of the University.

Sir James South, F.R. S. Lond.

Lieutenant-General Martin White, Edinburgh.

Walter Frederick Campbell, Esq. of Shawfield, M.P.

W. C. Trevelyan, Esq. Wallington.

Sir Robert Abercromby, Baronet, of Birkenbog.

Dr Wallich, Calcutta.

The Right Honourable Sir George Warrender, Baronet, of Lochend.

John Russell, Esq. W. S. Edinburgh.

John Dewar, Esq. Advocate.
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Date of

Election.

1823 Sir Edward Ffrench Bromhead, Baronet, A.M., F.R. S. Lond. Thurhhy Hall.

Captain Thomas David Stuart, of the Hon. East India Company^s Service.

Andrew Fyfe, M.D, Lecturer on Chemistry, Edinburgh.

Robert Bell, Esq. Advocate., Procuratorfor the Church of Scotland.

Captain Norwich DufF, R.N.

Warren Hastings Anderson, Esq.

Alexander Thomson, Esq. of Banchory, Advocate.

Liscombe John Curtis, Esq. Ingsdon House, Devonshire.

Robert Knox, M.D. Lecturer on Anatomy, Edinburgh.

Robert Christison, M.D. Professor of Materia Medica.

John Gordon, Esq. of Cairnbulg.

1824 Dr Lawson Whalley, Lancaster.

William Bell, Esq. W. S. Edinburgh.

Alexander Wilson Philip, M. D. London.

Sir Charles Adam, R. N.

Robert E. Grant, M. D. Professor of Comparative Anatomy Univ. Coll. London.

Claud Russell, Esq. Accountant, Edinburgh.

Rev. Dr William Muir, one of the Ministers of Edinburgh.

W. H. Playfair, Esq. Architect, Edinburgh.

John Argyle Robertson, Esq. Surgeon, Edinburgh.

James Pillans, Esq. Edinburgh.

James Walker, Esq. Civil Engineer.

Sir William Newbigging, Surgeon, Edinburgh.

William Wood, Esq. Surgeon, Edinburgh.

1825 The Venerable Archdeacon John Williams, Bector of the Edinburgh Academy.

W. Preston Lauder, M. D. London.

Right Honourable Lord Ruthven.

Dr Reid Clanny, Sunderland.

Sir William Jardine, Baronet, of Applegarth.

Alexander Wood, Esq. Advocate.

1826 Sir George Macpherson Grant, Baronet, of Ballindalloch.

William Renny, Esq. W. S. Solicitor of Stamps.

Rev. George Coventry.

Sir David Hunter Blair, Bart.

John Stark, Esq. Edinburgh.

Dr Macwhirter, Edinburgh.

1827 John Gardiner Kinnear, Esq. Edinburgh.

William Burn, Esq. Edinburgh.

James Russell, M.D. Edinburgh.

Henry Thornton Maire Witham, Esq. of Lartington.

Rev. Dr Robert Gordon, one of the Ministers of Edinburgh.

James Wilson, Esq. Edinburgh.

Rev. Edward Bannerman Ramsay, A.B. of St John^s College, Cambridge.

Right Rev. Bishop James Walker, D. D. Edinburgh.
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Date of

Election.

1827 George Swinton, Esq. Edinburgh.

1828 Sir Francis Walker Drummond, Baronet, of Hawthornden.

Erskine Douglas Sandford, Esq. Advocate.

David Maclagan, M. D. Edinburgh.

Sir William Maxwell, Bart.

John Forster, Esq. Architect, Liverpool.

Thomas Graham, A.M. Professor of Chemistry, London University.

Thomas Hamilton, Esq. Edinburgh.

David Milne, Esq. Advocate.

Dr Manson, Nottingham.

William Bm-n Callender, Esq.

1829 A. Colyar, Esq.

William Gibson-Craig, Esq. Advocate.

James Ewing, LL. D. Glasgow.

Sir Charles Ferguson, Bart. Advocate.

Duncan Macneill, Esq. Sheriff-depute of Perthshire.

Rev. John Sinclair, A.M. Pembroke College, Oxford.

Arthur Connell, Esq. Professor of Chemistry, St Andrews.

James Hope Vere, Esq. of Craigiehall.

Bindon Blood, M.R.I. A.

James Walker, Esq. W. S.

William Bald, Esq. M. R.I. A.

1830 J. T. Gibson-Craig, Esq. W.S.

Archibald Alison, Esq. Advocate, Sheriff-depute of Lanarkshire.

Hon. Mountstuart Elphinstone.

James Syme, Esq. Professor of Clinical Surgery.

Thomas Brown, Esq. of Langfine.

James L'Amy, Esq. Advocate, Sheriff-depute of Forfarshire.

Thomas Barnes, M. D. Carlisle.

1831 James D. Forbes, Esq. F.R. S. Lond. Professor of Natural Philosophy.

Right Honourable Lord Dunfermline.

John Abercrombie, M.D. Edinburgh, First Physician to her Majesty in Scotland.

Donald Smith, Esq.

Captain Sir Samuel Brown, R.N.

O. Tyndal Bruce, Esq. of Falkland.

David Boswell Reid, M. D. London.

T. S. Davies, Esq. A.M. Woolwich.

1832 John Sligo, Esq. of Carmyle.

James Dunlop, Esq. Astronomer, New South Wales.

James F. W. Johnston, A.M. Professor of Chemistry in the University of Durham.

William Gregory, M.D. Professor of Medicine, King's College, Aberdeen.

Robert Allan, Esq. Advocate.

Robert Morrieson, Esq. Hon. E. I. C. Civil Service.

Montgomery Robertson, M. D.
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Date of

Election.

1832 William Dyce, Esq. A.M.

1833 Captain Milne, R. N.

Alexander Earle Monteith, Esq. Advocate.

His Grace the Duke of Buccleuch.

A. T. J. Gwynne, Esq.

David Craigie, M.D. Edinburgh.

George Buchanan, Esq. Civil-Engineer.

Sir John Stuart Forbes, Baronet, of Pitsligo.

Alexander Hamilton, Esq. LL.B., W.S.

Right Honourable Lord Greenock.

1834 Mungo Ponton, Esq. W. S.

Isaac Wilson, M. D., F. R. S. Lond.

David Low, Esq. Professor of Agriculture.

Thomas Henderson, Esq. Professor of Astronomy.

Rev. Dr Chalmers, Professor of Divinity.

Alexander Kinnear, Esq.

Patrick Boyle Mure Macredie, Esq. Advocate.

John Davie Morries Stirling, Esq.

Thomas Jameson Torrie, Esq.

William Copland, Esq. of Colliston.

John Steuart Nevvbigging, Esq. W. S.

Rev. Dr Welsh, Professor of Church History.

John Haldane, Esq. Haddington.

1835 John Hutton Balfour, M.D.

William Sharpey, M.D. Professor of Anatomy., University College, London.

Sir John Campbell, M.P. Attorney-General.

William Brown, Esq. Surgeon, Edinburgh.

Thomas Edington, F. G. S.

Reverend Edward Craig.

R. Mayne, Esq.

1836 William Paul, Esq. Accountant.

Robert Paul, Esq. Secretary to Commercial Bank.

David Rhind, Esq. Architect.

James Anderson, Esq. Civil-Engineer.

Martin Barry, M. D.

Archibald Robertson, M. D., F.R. S. Lond.

J. Macpherson Grant, Esq. younger of Ballindalloch.

Alexander Gibson Carmichael, Esq.

Rev. J. P. Nichol, Professor of Practical Astronomy. University of Glasgow.

1837 John Archibald Campbell, Esq. W. S.

John Scott Russell, Esq. A.M.

Charles Maclaren, Esq,

A. Smith, Esq. B.A., F.T.C. Cambridge.

Richard Parnell, M.D.
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Date of

Election.

1837 Peter D. Handyside, M. D.

JohnClark, M.D., K.H.

1838 WiUiam Nicol, Esq.

William Scot, Esq., H. E. I. C Service.

Thomas Mansfield, Esq. Accountant.

Alan Stevenson, Esq. Civil Engineer.

1839 James Auchinleck Cheyne, Esq. of Kilmaron.

David Smith, Esq. W. S.

Adam Hunter, M. D.

Rev. Philip Kelland, A. M. Professor of Mathematics.

Henry Marshall, Esq. Dep. Insp. Gen. ofArmy Hospitals.

William Ferguson, Esq. Professor of Surgery, King^s College, London.

William Alexander, Esq. W. S.

F. Brown Douglas, Esq. Advocate.

Lieutenant-Colonel Svsrinburne.

1840 Alan A. Maconochie, Esq. Advocate.

Martyn J. Roberts, Esq.

Robert Daun, M. D. Dep. Inspector Gen. of Army Hospitals.

Robert Chambers, Esq.

James Forsyth, Esq.

Sir John MacNeill, G. C. B.

John Cockburn, Esq.

Sir William Scott, Bart.

The Rev. C. H. Terrot.

The Rev. R. Traill, D.D.

Robert Bryson, Esq.

Edward J. Jackson, Esq.

John Shedden Patrick, Esq.

John Learmonth, Esq.

G. A. Stuart, Esq.

Right Hon. T. B. Macaulay, M. P.

Gilbert Laurie Finlay, Esq.

John Mackenzie, Esq.

John Thomson, Esq.
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LIST OF NON-RESIDENT AND FOREIGN MEMBERS. I

ELECTED UNDER THE OLD LAWS.

NON-KESIDENT.

Right Honourable Lord Wallace.

Charles Hatchett, Esq. F.R.S.Lond.

Thomas Blizzard, Esq.

Sir .James Macgrigor, Baronet, M, D.

Richard Griffiths, Esq. Civil Engineer.

FOREIGN.

Dr S. L. Mitchell, New York.

M. P. Prevost, Geneva.
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LIST OF HONORARY FELLOWS.

His Majesty the King of the Belgians.

His Royal Highness the Duke of Sussex.

His Imperial Highness the Archduke John of Austria.

His Royal Highness the Archduke Maximilian.

BRITISH SUBJECTS (LIMITED TO TWENTY BY LAW X.)

Robert Brown, Esq. F. R. S.

Sir John F. W. Herschel, Bart. F.R. S.

Dr Dalton, F.R.S.

Dr Faraday, F.R. S.

James Ivory, Esq. K.H., F.R.S.

G. B. Airy, Esq. F.R.S. Astronomer-Bot/al.

Sir W. R, Hamilton, M. A., M.R. I. A. Asfronomer-Royal, Ireland.

THE FOLLOWING EIGHT NAMES WERE INCLUDED WITH THE AROVE PRIOR TO THE CHANGE IN

THE LAW, 18th JANUARY 1836.

Baron Humboldt, Berlin.

M. Gay Lussac.

M. Biot, Paris.

M. Arago, Do.

Chevalier Hammer.

M. Berzelius, Stockholm.

FOREIGNERS (LIMITED TO THIRTY-SIX.)

M. Brochant, Paris.

Le Baron Von Buch, Berlin.

M. Gauss, Gbttingen.

M. Simond de Sismondi, Geneva.

5 Le Baron Degerando, Paris.

Le Baron Krusenstern, Si Petersburgh.

VOL. XIV. PART lU 7b



728 LIST OF HONORARY FELLOWS.

M. Oersted, Copenhagen.

M. Schumacher, Altona.

Le Baron Larrey, Paris.

10 Sir Henry Bernstein, Berlin.

M. De Candolle, Geneva.

Bishop Munter, Zealand.

Baron Charles Dupin, Paris.

M. Brongniart, Do.

15 Chevalier Bvirg, Vienna.

M. Bessel, Konigsberg.

M. Thenard, Paris.

M. Haidinger, Vienna.

M. Mitscherlich, Berlin.

20 M. G. Rose. Berlin.

M. Hausmann, Gottingen.

J. J. Audubon, Esq. United States,

Chevalier Bouvard, Paris.

M. L. A. Necker, Geneva.

25 M. Agassiz, Neuchatel.

Le Baron Cousin, Paris.

M. Plana. Turin.

M. Quetelet, Brussels.

M. Struve, Dorpat.

30 M. Dulong, Paris.

Professor Tiedemann, Heidelberg.
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LIST OF FELLOWS DECEASED, RESIGNED, AND CANCELLED.

PROM 1837 TO 1840.

HONOKARY FELLOWS.

Le Baron Poisson, Paris.

Le Baron de Prony, Paris.

M. Blumenbach, G'dttingen.

N. Bowdich, LL. D. United States.

Dr Gibers, Bremen.

M. G. Moll, Utrecht.

M. Dulong, Paris.

Professor Miiller, Gottingen.

Sir William Blizzard, Bart. M.D.

Sir William Ouseley, Bart.

M. Chevallier, Paris.

Rev. Bishop Gleig, Stirling.

M. Mohs, Vienna.

Davies Gilbert, Esq.

OEDINAHY FELLOWS DECEASED OE EESIGNED.

Honourable Baron Hmne.

Rev. Archibald Alison, LL. B. Edinburgh.

The Very Reverend Dr George Husband Baird, Principal of the University.

The Honourable Baron Sir Patrick Murray, Bart.

Rev. Dr John Jamieson.

Rev. John Thomson, Duddingston.

Sir James Montgomery, Bart, of Stanhope.

Rev. Andrew Stewart, M.D.

Right Honourable William Adam, Lord Chief Commissioner.

Thomas Jackson, LL.D. Prof, ofNat. Phil. St Andrews.

Harry William Carter, M. D. Oxford.

Lieutenant-General Sir Joseph Straton, K.C.B.

Right Hon. Sir Samuel Shepherd.

Robert Dundas, Esq. ofAmiston.



730 LIST OF MEMBERS DECEASED OR RESIGNED.

Sir John Hay, Bart, of Smithfield and Hayston.

Dr William Dyce, Aberdeen.

John Shaw Stewart, Esq. Advocate.

Alexander Hamilton, M. D.

William Cadell, Esq. of Cockenzie.

Sir Andrew Halliday, M.D.

James Hamilton, M. D. Professor of Midwifery.

Edward Turner, M.D. Professor of Chemistry, London.

Sir John Archibald Stewart, Bart, of GrandtuUy.

Andrew Clephane, Esq. Advocate.

Alexander Copland Hutchison, Esq. Surgeon, London.

Su^ Whitelaw Ainslie, M. D.

George Meikle, Esq. Surgeon Hon. E. I. C. Service.

Thomas Balfour, Esq.

John Mackean, Esq. Accountant.

RESIGNATIONS.

James Skene, Esq. of JRubislaw.

John Colquhoun, Esq. Advocate.

Rev. H. Parr Hamilton.

Right Honourable Sir William Rae, Bart.

Rev. Robert Muirhead, Northumberland.

Major Sir E. Leith Hay of Bannes.

Rev. Dionysius Lai'dner.

Elias Cathcart, Esq, Advocate.

George Moir, Esq. Advocate.

Prideaux John Selby, Esq.

Colonel Pitman, Hon. E. L C. Service.

Major Alexander Anderson.

John Dunlop, Esq. Advocate.

Lieutenant-Colonel Sir W. Keith Murray, Bart, of Ochtertyre.

Charles Forbes, Esq.

John Stewart Wood, Esq.

ELECTIONS CANCELLED.

Lieutenant-Colonel M. Stewart.

George Joseph Bell, Esq.

Thomas Shortt, M. D.

William MacGillivray, Esq.

Edward Sang, Esq.
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LIST OF DONATIONS.

(Continued from Vol. XIII. p. 590.)

December 5. 1836.

DONATIONS.

Bulletin de la Societe Geologique de France. Tome vi. Feuilles 21-23, et

Tome vii. 3-16.

Chemical Tables ; exhibiting the present state of our knowledge in regard to the

Chemical and Physical Properties of Simple and Compound Bodies. By
James F. W. Johnston, A.M., F.R. S.E.

Transactions of the American Philosophical Society, held at Philadelphia, for

promoting Useful Knowledge. (New Series.) Vol. v. part. 2.

Memorie della Reale Accademia della Scienze di Torino. Tome xxxviii.

Memoires presentes par divers Savans a I'Academie Koyale des Sciences del'In-

stitut de France. Tome vi.

Notices of Communications to the British Association for the Advancement of

Science, at Dublin, in August 1835.

Philosophical Transactions of the Royal Society of London. 1835, Part 2 ; and

1836, Part 1.

Proceedings of the Royal Society. Nos. 19. to 25.

Abhandlungen der Koniglichen Akademie der Wissenschaften zu Berlin. Aus

dem Jahre 1832.

Beschreibung und Abbildung von 24 Arten kurzschwanzigen Krabben. Von

Dr Eduard Ruppell.

Flora Batava. Nos. 104, 105, 106, and 107.

Nouvelles Annales du Museum d'Histoire Naturelle de France. Tome iv.

Livr. 4,

Some Account of Halley's Astronomise Cometicae Synopsis, which contains his

investigation of the Orbits of Comets. By Professor Rigaud.

Memoire sur les Courants de la Manche, de la Mer d'Allemagne, et du Canal de

Saint George. Par P. Monnier, Ingenieur Hydrographe de la Marine.

Gregorii Barhebrsei Scholia in Psalmum quintum et decimum octavum, e Codicis

Bibliothecse Bodleianse Apographo Bernsteniano. Edita a J. T. G. H. Rhode.

Georgii Gulielmi Kirschii Chrestomathia Syriaca cum Lexico denuo edidit G.

H. Bernstein, Theologise Philosophise et Literarum Humaniorum Doctor in

Univer. Liter. Vratislav. Professor. Parts 1, 2.

Discours sur quelques Progres des Sciences Mathematiques en France, depuis

1830. Par le Baron Charles Dupin.

Recherches relative ^ 1' influence du Prix des Grains sur la Population Francaise.

Par le Baron Charles Dupin, President de I'Academie des Sciences.

Notice sur le Baron de Prony, Pair de France.

Joui'nal of the Bahama Society for the Diffusion of Knowledge. Nos. 11. to 14.

VOL. XIV. PART II. 7 C

DONOKS.

The Society.

The Author.

The Society.

The Society.

Royal Academy.

British Associa-

tion.

Royal Society.

Ditto.

The Academy.

The Author.

King of Holland.

The Editors.

The Author.

Ditto.

The Editor.

Ditto.

The Author.

Ditto.

Ditto.

The Society.



732 LIST OF DONATIOxMS.

DONATIONS.

The Quarterly Journal of Agriculture ; and the Prize Essays and Transactions

of the Highland and Agricultural Society of Scotland. Nos. 34. and 35.

Journal of the Asiatic Society. January to December 1835.

Do. do. January, February, March, April, and May
1836.

Journal of the Boyal Asiatic Society of Great Britain and Ireland. No. 5. for

March 1836.

An Essay on the Primitive Universal Standard of Weights and Measures. By
Captain Thomas Best Jervis, Bombay Engineers.

Arsberattelser om Vetenskapernas Eramsteg, afgifne af Kongl. Vetenskaps Aca-

demiens Embetsman, d. 31 Mars 1834.

Kongl. Vetenskaps-Academiens Handlingar, for ar 1834.

Address of Earl Stanhope, President of the Medico-Botanical Society, for the

Anniversary Meeting, January 16. 1836.

Memorias da Academia B. das Sciencias de Lisboa. Tome xi. parte 2.

Bulletin de la Societe de Geograpliie. 20 Tomes.

Do. do. do. (2de Serie) Tomes iii. iv. v.

A Catalogue of 7385 Stars, chiefly in the Southern Hemisphere, prepared from

Observations made in the years 1822, 1823, 1824, 1825, and 1826, at

the Observatory at Paramatta, New South Wales, founded by Lieutenant-

General Sir T. M. Brisbane, K.C.B, The Computations made, and the

Catalogue constructed, by Mr William Richardson, of the Royal Observa-

tory at Greenwich.

Abhandlungen der Kbniglichen Akademie der Wissenschaften zu Berlin. Aus

dem Jahre 1834.

A Treatise on Isometrical Drawing. By T. Sopwith, Esq., Land and Mine

Surveyor.

Analyse d'une partie du Traite sur la Chaleur de M. Poisson. Par A. de la

Rive.

Descriptive and Illustrated Catalogue of the Physiological series of Comparative

Anatomy contained in the Museum of the Royal College of Surgeons in

London. Vol. iii. part. 2.

Contribution to a Natural and Economical History of the Cocoa-Nut Tree. By
Henry Marshall, Deputy Inspector-General of Ai'my Hospitals.

Verhandelingen van Het Bataafsch Genootschap der Proefordervindelijke Wijsbe-

geerte te Rotterdam. 12 vols.

Nieuwse Verhandelingen, &c. 8 vols.

Bulletin de I'Academie Royale des Sciences et Belles Lettres de Bruxelles. 1836.

Nos. 2, 3, 4, 5, 6, 7.

Neue Wirbelthiere zu der Fauna von Abyssinien gehbrig, entdeckt und beschrie-

ben, von Dr Eduard Ruppell. Lieferungen 5 and 6.

Six Miscellaneous Pamphlets by Monsieur Virlet, Secretary of the Geological

Society of France.

Eight Miscellaneous Pamphlets, by M. J. Girardin, Professor of Chemistry at

Rouen.

Proceedings of the Geological Society of London. 1836. Nos. 45 and 46.

Bridgewater Treatise on Geology and Mineralogy, considered with reference to

Natural Theology. By the Rev. William Buckland, D.D. 2 vols.

American Journal of Science and Arts. Conducted by Benjamin Silliman, M. D.,

LL.D. For April.

DONORS.

Highland and Agri-

cultural Society.

The Society.

Ditto.

Ditto.

The Author.

Academy of Swe-

den.

Ditto.

The Society.

The Academy.

The Society.

Ditto.

The Admiralty.

The Academy.

The Author.

Ditto.

Royal College of

Surgeons.

The Author.

The Society.

Ditto.

The Academy.

The Author.

Ditto.

Ditto.

The Society.

The Author.

The Editor.



LIST OF DONATIONS. 733

Von J. C. Poggen-

DONATIONS.

Annalen der Physik and Chemie, Herausgegeben zu Berlin.

dorf. 1836. Nos. 3, 4, 5, 6.

Astronomische Nachrichten. Nos. 295 to 311.

Comptes Rendus Hebdomadaires des Seances de TAcaderaie des Sciences de

Paris. 1835.

Do do. do. 1836. Nos. 1-26. Second Semestre, Nos. 1-16.

Report to a Committee of the Commissioners of the Northern Lighthouses, ap-

pointed to take into consideration the subject of illuminating Lighthouses

by means of Lenses, on the new Dioptric Light of the Isle of May, By

Alan Stevenson, M.A.

The Articles America, Greece, and Physical Geography (from the Encyclopsedia

Britannica). By Charles Maclaren, Esq.

Catalogue Raisonne ; or Classified Arrangement of the Books in the Library of

the Medical Society of Edinburgh.

A Treatise on Naval Tactics ; by P. Paul Hoste. Translated by Captain J. D.

Boswall, R.N„r.R.S.E.
Memoires de I'Academie Imperiale des Sciences de Saint Petersbourg

Politiques, &c.) Tome iii. livrs. 2 and 3 ; and Tome iv. liv. 1.

Do. do. (Sciences Mathematiques, &c.) Tome i. livr. 3.

Do. do. (Sciences Naturelles.) Tome ii. livrs. 1, 2.

Do. do. (Memoires presentes par divers Savans.) Tome iii. livrs. 1, 2.

Recueil des Actes de la Seance Publique de I'Academie Imperiale des Sciences de

Saint Petersbourg, tenue le 29. Decembre 1835.

Annalium Societatis Eruditse Hungaricee, Volumen Secundum.

Maps of the Ordnance Survey of Great Britain. Published by the Board of

Ordnance. Nos. 51 and 60,

Twenty Charts, forming part of the Pilote Fran^ais.

December 19.

History of the Extinct Volcanoes of the Basin of Neuweid, on the Lower Rhine.

By Samuel Hibbert, M.D., F.R.S.E.

Proceedings of the Berwickshire Naturalists' Club, No. 4.

Description Sommaire des Phare et Fanaux allumes sur les Cotes de France, au

ler Sept. 1836.

Comptes Rendus Hebdomadaires des Seances de I'Academie des Sciences de

Paris (2d Semestre 1836), Nos. 17, 18, 19, 20, 21, 22, 23, 24.

Flora Batava, No. 108.

January 2. 1837.

The American Almanac and Repository of Useful Knowledge for the year

1837.

The Nervous System of the Human Body ; as explained in a series of Papers

read before the Royal Society of London. By Sir Charles Bell, K.G. H,,

F.R.SS.L. &E.
Tijdschrift voor Natuurlijke Geschiedenis en Physiologie door J. Van der Hoeven,

M.D., en W. H. De Vriese, M.D. Vol. iii. part 1.

The Ai-ticle Mammalia, or a Treatise on Quadrupeds (from the Encyclopsedia

Britannica). By James Wilson, Esq. F.R. S. E.

Report by a Committee of the Royal Society regarding the New Dioptric Light

of the Isle of May.

DONORS.

The Editor.

Prof. Schumacher.

The Academy.

Ditto.

The Author.

Ditto.

The Society.

Captain Boswall.

(Sciences ImperialAcademy,

Ditto.

Ditto.

Ditto.

Ditto.

Hungarian Lite-

rary Society.

Board of Ordnance

.

Marine Depot of

France.

The Author.

The Club.

The Academy.

Ditto.

King of Holland.

American Philoso-

phical Society.

The Author.

The Editors.

The Author.

Professor Forbes.
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DONATIONS. DONORS.

January 16,

Comptes Rendus Hebdomadaires des Seances de 1'Academic des Sciences de

Paris (2d Semestre 1836), Nos. 25, 26.

On the Unity of Structure in the Animal Kingdom. By Martin Barry, M. D.,

F.E.S.E.

Transactions of the Institution of Civil Engineers. Vol. i.

Nouveaux Memoires de la Societe Imperiale des Naturalistes de Moscow. Tome iv.

Bulletin de la Societe Imperiale des Naturalistes des Moscow. Tome ix.

Safety Apparatus for Steam Boilers. By A. D. Bache, Professor of Natural

Philosophy and Chemistry, University of Pennsylvania.

Historical Notes. By A. D. Bache, Esq. &c.

Experimental Illustrations of the Radiating and Absorbing Powers of Surfaces

for Heat, &c. By A. D. Bache, Esq.

Experiments on the alleged Influence of Colour on Radiation. By A. D. Bache,

Esq.

Replies to a Circular in relation to the occurrence of an unusual Meteoric Dis-

play on the 13th November 1834, addressed by the Secretary of War to

the Military Posts of the United States. By A. D. Bache, Esq.

Notes and Diagrams illustrative of the New Brunswick Tornado. By A. D.

Bache, Esq.

On the Magnetic Dip at various places in the United States. By A. D. Bache,

Esq.

On the relative Horizontal Intensities of Terrestrial Magnetism at several places

in the United States. By A. D. Bache, Esq.

Report on the Geological Survey of the State of New Jersey. By Henry D.

Rogers, Professor of Geology and Mineralogy, &c.

Report of the Managers of the Franklin Institute of the State of Pennsylvania,

for the promotion of Mechanic Ai'ts in relation to Weights and Measures,

Report of the Committee of the Franklin Institute of Pennsylvania, on the Ex-

plosion of Steam Boilers.

General Report on the Explosion of Steam Boilers, by a Committee of the

Franklin Institute of Pennsylvania.

Report of the Geological Reconnaissance of the State of Virginia, made under the

appointment of the Board of Public Works. By William B. Rogers, Pro-

fessor of Natural Philosophy.

February 6.

Bulletin de la Societe Geologique de France. Tome vii. Feuilles 17-19.

Comptes Rendus Hebdomadaires des Seances de 1'Academic des Sciences de

Paris (ler Semestre 1837). Nos. 1, 2, 3. 4.

The American Journal of Science and Arts. Conducted by Benjamin Silliman,

M.D,, LL.D. Vol. xxxi. No. 1. for October 1836.

Carte de la Cote Septentrionale d'Afrique entre Alger et les lies Zafarincs.

Plan de la Bale de Coquimbo—Plan de la rade d'lquique.

Carte des Cotes de France, partie comprise entrc le cap Frehel et Caucalc.

Carte des Cotes de France, (anse dc Vauville, cap de la Hague), &c.

Carte des Cotes de France, (partie comprise le fort de Querqueville et le fort La

Hague).

The Academy.

The Author.

The Institution.

Imperial Society.

Ditto.

The Author.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Franklin Institu-

tion.

Ditto.

Ditto.

The Author.

The Society.

The Academy.

The Editor.

Le Ministre de la

Marine.

Ditto.

Ditto.

Ditto,

Ditto,
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DONATIONS.

Carte des Cotes de France, (partie comprise entre la pointe de Barfleur et Grand-

champ), &c.

Plan de Barfleur et de ses environs.

Plan de la rade de la Hongue.

Plan particulier de Mouillage d' Alger.

February 20.

Asiatic Researches ; or Transactions of the Society instituted in Bengal for in-

quiring into the History, the Antiquities, the Arts and Sciences, and Li-

terature of Asia. Vol. XX. part 1.

The Journal of the Asiatic Society of Bengal for June and July 1836.

Memoires de la Societe de Physique et d'Histoire Naturelle de Geneve. Tome vii.

partie 2.

Recherches sur la Cause de I'Electricite Voltaique. Par M. le Professeur

Augusta De la Rive.

Report on the New Standard Scale of the Royal Astronomical Society. By
Francis Baily, Esq. F. R. S. &c.

Comptes Rendus Hebdomadaires des Seances de TAcaderaie des Sciences de

France, (ler Semestre 1837). Nos. 5 and 6.

Brief Outlines illustrative of the Alterations in the House of Commons, in re-

ference to the Acoustic and Ventilating Arrangements. By D. B. Reid,

M.D.,F.R.S.E.
March 6.

The Journal of the Asiatic Society of Bengal for August 1836.

Transactions of the Zoological Society of London. Vol. ii. part 1.

Statuti deir Accademia di Palermo.

De Redigendis ad unicam seriem comparabilem Meteorologicis ubique factis ob-

servationibus conventio proposita, et Tabulae supputatse, ab equite Nicolao

Cacciatore, Regii Observatorii Panormitani Directore.

Considerations regarding the Edinburgh, Leith, and Newhaven Railway. By

Patrick Neill, LL.D., F.R.S.E.

Specimen of a Treatise on the Differential Calculus or Fluxions ; founded on an

original principle derived from the Ancient Geometry. By the Rev. John

Forbes, D.D., Minister of St Paul's, Glasgow.

The Quarterly Journal of Agriculture ; and the Prize Essays and Transactions

of the Higliland and Agricultural Society of Scotland. No. 36, March 1837.

Transactions of the Society instituted at London for the Encouragement of Arts,

Manufactures, and Commerce. Vol. ii. part 1.

Two Essays on the Geography of Ancient Asia ; intended partly to illustrate the

Campaigns of Alexander, and the Anabasis of Xenophon. By the Rev.

John Williams, Vicar of Lampeter, and Rector of the Edinburgh Academy.

March 20.

Memoire sur 1' Instruction secondaire dans le Royaume de Prusse. Par M. V.

Cousin, Directeur de I'Ecole Normale.

The Journal of the Royal Asiatic Society of Great Britain and Ireland, No. 2,

(November 1834).

Transactions of the Royal Asiatic Society of Great Britain and Ireland. Vol. ii,

part 1.

Transactions of the Horticultural Society of London (Second Series). Vol. i.,

and Vol. ii. parts 1, 2.

VOL. XIV. PART II. 7 D

DONORS.

Le Ministre de la

Mai'ine.

Ditto.

Ditto.

Ditto,

The Society.

Ditto.

Ditto.

The Author.

Ditto.

The Academy.

The Author.

The Society.

Ditto.

The Academy,

The Author.

Ditto.

Ditto.

The Society.

Ditto.

The Author,

Ditto.

The Society.

Ditto.

Ditto.
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DONATIONS.

Table des Positions Geographiques des Principaux Lieux du Globe. Par M.

Daussy.

Sur r Influence de la Pression Atmospherique sur le Niveau moyen de la Mer.

Par M. Daussy.

Novorum Actorum Academise Csesarese Leopoldino-Carolinae Naturae Curiosorum

Voluminis Septimi Decimi Supplementum.

Transactions of the Institute of British Architects of London, Session 1835-6.

Vol. i. part 1.

The Anatomy, Particular and Surgical, of the Human Body, illustrated by a se-

ries of Engravings; by A. Fyfe, F.Il. C. S.E. Corrected and arranged,

and with an Explanatory Letterpress, by P. D. Handyside, M.D., &c.

Part 1.

An Elementary Introduction to Mineralogy ; comprising a Notice of the Chai-ac-

ters and Elements of Minerals. By William Phillips, F.L. S., M. G. S.L.

and C. Considerably augmented by Robert Allan, F. R. S. E., M. G. S. L.,

&;c.

April 3.

Comptes Rendus Hebdomadaii-es des Seances de 1'Academie des Sciences de Paris

(1837, ler Semestre), Nos. 7, 8, 9, 10, 11.

Annalen der Physik und Chemie. Herausgegeben zu Berlin, von J. C. Poggen-

dorff. 1836. Nos. 10, 11, 12.

On the Arenarius of Archimedes. By S. P. Rigaud, M. A., Savilian Professor

of Astronomy.

A Catalogue of the Collection of British Quadrupeds in the Museum of the Cam-

bridge Philosophical Society.

Transactions of the Cambridge Philosophical Society. Vol. vi. part 1.

Supplement to the Account of the Rev. John Flanisteed, the first Astronomer-

Royal. By Francis Baily, Esq. F.R. S., &c.

On the Theory of the Moon, and on the Perturbations of the Planets. By J.

W. Lubbock, Esq. F.R.R.A. andL.S.S.

Report of the Fifth Meeting of the British Association for the Advancement of

Science, held at Dublin in 1835.

Discussion of the Magnetical Observations made by Captain Back, R.N., during

his late Arctic Expedition. By S. Hunter Christie, Esq., M.A., F.R, S.,

&c.

List of the Fellows of the Royal Society (1836).

Addresses delivered at the Anniversary Meetings of the Royal Society on Satur-

day, November 30. 1833, and on Wednesday, November 30. 1836, by

His Royal Highness the Duke of Sussex, K.G., &c. &c. &c., the Pre-

sident.

Proceedings of the Royal Society. Nos. 19 to 27.

Philosophical Transactions of the Royal Society of London for the year 1836.

Part 2.

Astronomical Observations made at the Royal Observatory at Greenwich, 1834,

Parts 4 and 5, and 1835, Parts 1, 2, 3, 4, 5, under the direction of John

Pond, Esq. Astronomer-Royal.

April 17.

Comptes Rendus Hebdomadaires des Seances de I'Academie des Sciences de Paris

(1837, ler Semestre), Nos. 12 and 13.

DONORS.

The Author.

Ditto.

The Academy.

The Institute.

Dr Handyside.

Robert Allan, Esq.

The Academy

The Editor.

The Author.

The Society.

Ditto.

The Author.

Ditto.

British Associa-

tion.

The Author.

The Society.

Ditto.

Ditto.

Ditto.

Ditto.

The Academy.
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DONATIONS.

Bulletin de I'Academie Royale des Sciences et Belles Lettres de Bruxelles.

Annees 1832, 1834, 1835, Nos. 4, 5, 6, 7 ; and 1836, Nos. 8 and 12.

Essai Historique sur la Vie et la Doctrine d'Ammonius-Saccas, chef d'une des

plus celebres Ecoles Philosophiques de I'Alexandrie. Par L. J. Dehaut.

Memoire sur les Proprietes et 1'Analyse de la Phloi-idzine. Par L. de Koninck.

Annuaire de 1' Observatoire de Bruxelles pour I'an 1837, par le Directeur A.

Quetelet.

Annuaire de T Academic Koyale des Sciences et Belles Lettres de Bruxelles.

Sur la Latitude de 1' Observatoire de Bruxelles. Par A. Quetelet, Directeur de

cet Etablissement, &c.

Bulletin de la Societe de Geographic (Deuxieme Serie). Tome vi.

Astronomische Nachrichten. Nos. 312-22.

Ueber die Kessels'schen Chronometer von Hansen.

Astronomische Beobachtungen auf der Koniglichen Universitats Sternwarte in

Konigsberg. Von F. W. Bessel.

Arsberattelser om Vetenskapernas Framsteg, afgifne af Kongl. Vetenskaps-

Academiens Embetsman, d' 31 Mars 1835.

Kongl. Vetenskaps-Academiens Handlingar, for ar 1835.

Account of some Experiments made in different parts of Europe on Terrestrial

Magnetic Intensity. By James D. Forbes, Esq. F.E. SS.L. & E., &c.

December 4.

Bulletin de la Societe Geologique de France. Tome vii. Feuilles 20-23 ; and

Tome viii. Feuilles 1—20.

Memoii-es de la Societe Geologique de France. Tome ii. parts 1, 2.

Flora Batava, Nos. 80, 95, 96, 97, 98, 99, 109, and 111.

On the Results of Experiments made on the Weight, Height, and Strength, of

above 800 Individuals. By Professor Forbes.

On the Muscular Effort required to ascend Planes of different Inclinations. By

Professor Forbes.

Note relative to the supposed Origin of the deficient Rays in the Solar Spec-

trum ; being an account of an Experiment made at Edinburgh during the

Annular Eclipse of 15th May 1836. By Professor Forbes.

On the Temperatures and Geological Relations of certain Hot Springs, parti-

cularly those of the Pyrenees ; and on the Verification of Thermometers,

By Professor Forbes.

Biographical Sketch of the late Edward Turner, M.D., Professor of Chemistry in

University College, London. By Robert Chi-istison, M.D., Professor of

Materia Medica in the University of Edinburgh, &c.

The American Journal of Science and Arts. Conducted by Benjamin Silliman,

M.D., LL.D. For October 1833, January 1835, and January and July

1837.

The Journal of the Asiatic Society of Bengal for November and December 1836,

January, February, April, and May, 1837.

First Part of the Nineteenth Volume of Asiatic Researches, or Transactions of

the Society instituted in Bengal for inquiring into the History, the Antiqui-

ties, the Arts and Sciences, and Literature of Asia.

The Anatomy, Particular and Sui'gical, of the Pluman Body, illustrated by a se-

ries of Engravings ; by A. Fyfe, F. R. C. S. E. Corrected and arranged, and

with explanatory letterpress, by P. D. Handyside, M.D., F.R. S.E. Part 2.

DONORS.

Royal Academy.

Ditto.

Ditto

Ditto.

Ditto.

The Author.

The Society.

Prof. Schumacher.

The Author.

Ditto.

The Academy.

Ditto.

The Author.

La Societe.

Ditto.

King of Holland.

The Author.

Ditto.

Ditto.

Ditto.

Ditto.

The Editor.

The Society.

Ditto.

Dr Handyside.
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DONATIONS.

The Quarterly Journal of Agriculture ; and the Prize Essays and Transactions

of the Highland and Agricultural Society of Scotland. Nos. 37, 38, and

39.

Investigation of the Equation to Fresnel's Wave Surface. By Archibald Smith,

Esq. Trinity College, Cambridge.

Account of the Andersonian Museum, Glasgow.

Memoirs, chiefly Anatomical and Physiological. By Robert Knox, M. D.,

F.R.S.E.

Astronomische Nachrichten, Nos. 323 to 336.

The Fourth Annual Report of the Royal Cornwall Polytechnic Society, 1836.

Nieuwe Verhandelingen der Eerste Klasse van het Koninklijk-Nederlandsche

Institut van Wetenschappen, Letterkunde en Schoone Kunsten, te Amster-

dam. Vols. 1, 2, 3, 4, 5.

Naturkuundige Verhandelingen van de Hollandsche Maatschappij der Weten-

schappen te Haarlem, Deels 13 to 23.

Histoire des Maladies observees a la Grande Armee Francaise, pendant les Cam-

pagnes de Russie en 1812, et d'Allemagne en 1813. Par le Chevalier J.

R. L. De Kerckhove dit De Kirckhoff.

Transactions of the Philosopliical and Literai'y Society of Leeds. Vol. i. part 1.

Annalen der Physik und Chemie. Herausgegeben zu Berlin, von J. C. Poggen-

dorfF. 1836, Nos. 2, 7, 8, 9. 1837, Nos. 1, 2, 3, 4, 5.

Natuur-en Scheikundig Archief, uitgegeven door G. J. Mulder en W. Wencke-

bach. 1836. Stuk 4.

Tijdschrift voor Natuurlijke Gescheidenis en Physiologic. Uitgegeven door J.

Van Der Hoeven, M.D., en W. H. De Vriese, M.D. Vol. iii. part 3.

Transactions of the American Philosophical Society held at Philadelphia for pro-

moting Useful Knowledge. Vol. v., and Vol. vi. part 1 ; and of the New
Series, Vol. i., and Vol. iii. parts 1 and 3.

Recueil de Voyages et de Memoires, public par la Societe de Geographic. Tome v.

Neue Wirbelthiere zu der Fauna von Abyssinien gehorig, entdeckt und beschrie-

ben von Dr Eduard Riippell. Lieferungs 7, 8, 9.

The Ancient Kalendars and Inventories of the Treasury of his Majesty's Ex-

chequer, together with other documents illustrating the History of that Re-

pository. Collected and edited by Sir Francis Palgrave, K. H. 3 vols.

Proceedings and Ordinances of the Privy Council of England. Edited by Sir

Harris Nicolas. Vols. vi. and vii.

Excerpta e Rotulis Finium in Turri Londinensi asservatis, Henrico Tertio Rege.

A. D. 1246-1272, cura Caroli Robert. Vol. ii.

Nova Acta Physico-Medica Academise Ctesarese Leopoldino-CarolinaB Naturse

Curiosorum. Vol. svi., et Vol. xvii. part 2.

Uebersicht der Saugthiere, Vogel, Amphibien und Fische Schlesiens von Dr C.

L. Gloger.

Das Abandern der Vogel durch Einfluss des Klima's von Dr C. L. Gloger.

Disquisitionum de Avibus ab Aristotele commemoratis Specimen I. Scripsit C.

L. Gloger.

Bulletin de la Societe Imperiale des Naturalistes de Moscow. 1837, Nos. 1, 2,

3,4.

Library Catalogue and Regulations of the Telford Premiums of the Institution

of Civil Engineers.

DONORS.

Highland and Agri-

cultural Society.

The Author,

James Smith, Esq.

of Jordanhill.

The Author.

Prof, Schumacher.

The Society,

The Institute.

Dutch Society of

Scien. at Haarlem

.

The Author.

The Society.

The Editor.

The Editors.

Ditto.

The Society.

Ditto.

The Author.

Commissioners on

the Public Re-

cords.

Ditto.

Ditto.

The Academy.

The Author.

Ditto.

Ditto.

The Society.

The Institution.
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DONATIONS.

Charter and Bye-Laws of the Institute of British Architects of London.

Transactions of the Statistical Society of London. Vol, i. part 1.

Notice of two Roman Inscriptions relative to the Conquest of Britain by the

Emperor Claudius Caesar. By John Hogg, Esq. A.M., Fellow of St Peter's

College, Cambridge.

Etudes des Gites Houillers et Metalliferes du Bocage Vendeen faite en 1834 et

1835. Par Henri Fournel, Ingenieur des Mines.

Atlas au Meme.

Memorias da Academia R. das Sciencias de Lisboa. Tomo xii. parta 1.

Elements of Chemistry ; by the late Edward Tui-ner, M.D. Sixth Edition. En-

larged and revised by Professor Liebig and Wilton G. Turner. Part 1.

The Madras Journal of Literature and Science for October 1836 and January

1837.

Observations upon a " Report by the Select Committee on Salmon Fisheries,

Scotland : together with the Minutes of Evidence, Appendix and Index."

30th June 1836. By Robert Knox, F. R. S. E.

Proceedings of the Geological Society of London. Nos. 48, 49, 50, 51.

Stellarum Duplicium et Multiplicium Mensurse Micrometricse per magnum

Fraunhoferi Tubum annis a 1824 ad 1837 in Specula Dorpatensi institutse,

adjecta est Synopsis observationum de Stellis compositis Dorpati annis 1814

ad 1824 per minora instrumenta perfectarum, Auctore F. G. W. Struve.

Mesures Micrometriques obtenues a 1' Observatoire de Dorpat avec la Grande

Lunette de Fraunhofer de 1824 k 1837. Par F. G. G. Struve.

Memoires de I'Academie Imperiale des Sciences de Saint Petersbourg. (Sciences

Mathematiques, 8ec.) Tome i. livr. 4.

Do. do. (Sciences Naturelles.) Tome ii. livr. 3.

Do. do. (Sciences Politiques, &c.) Tome iii. livr. 6, and Tome iv.

livr. 2.

Recueil des Actes de la Seance publique de I'Academie Imperiale des Sciences

de Saint Petersbourg, tenue le 30 Decembre 1836.

Systematic Treatise on Zoology. By Professor Jarotski of Warsaw. 5 vols.

Observations on the Influence of Climate on Health and Mortahty. By Arthur

Saunder Thomson, M.D.

Principal Documents relating to the Survey of the Coast of the United States

;

and the construction of uniform Standards of Weights and Measures for the

Custom-Houses and States. By F. R. Hassler. 3 parts.

Commentatio de Definienda Quantitate Vaporis Aquei in Atmosphsera vel Aere

quocunque. Auctore A. C. G. Suerman.

Dissertatio Physica Inauguralis de Calore Fluidorum Elasticorum specific©.

Auctore A. C. G. Suerman.

Specimen Inaugurale de Fractionibus Continuis. Auctore P. O. C. Vorsselman

De Heer.

Memoirs on the Nervous System. By Marshall Hall, M.D., F.R.S.L. & E.

Recherches Experimentales sur les Proprietes et les Fonctions du Systeme Ner-

veux dans les Animaux Vertebres. Par P. Flourens.

Experiences sur le Systeme Nerveux. Par P. Flourens.

Nouvelles Experiences sur le Systeme Nerveux. Par P. Floui'ens.

Eloge Historique de G. Cuvier. Par M. Flourens.

VOL. XIV. PART II. 7 E

DONORS.

The Institute.

The Society.

The Author.

M. le Due de

Cases.

Ditto.

The Society.

The Editors.

Madras Literary

Society.

The Author.

The Society.

The Author.

Ditto.

L'Academie Impe-

riale.

Ditto.

Ditto.

Ditto,

Prof. Johnston of

Durham.

The Author.

Ditto.

Dr Moll.

Ditto.

Professor Moll.

The Author.

Ditto.

Ditto.

Ditto.

Ditto.
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DONATIONS.

Eloge Historique de Jean Antoine Chaptal. Par M. Flourens.

Eloges Historiques de R. Louiche Desfontaines et de J. Jul. De Labillardiere.

Par M. Flourens.

Report of the Sixth Meeting of the British Association for the Advancement of

Science, held at Bristol in August 1836.

The American Almanac and Repository of Useful Knowledge for the Year

1838.

Report by a Committee of the Society of Arts in Scotland, on the best Alphabet

and Method of Printing for the use of the Blind, 1837.

On the Elements of the Orbit of Halley's Comet at its appearance in the years

1835 and 1836. By Lieutenant W. S. Stratford, R.N.

Taylor's Calendar of the Meetings of the Scientific Bodies of London for

1837-8.

Bulletin de la Societe d'Encouragement pour I'lndustrie Nationale. Pour Oct.,

Nov., Dec. 1835, et Jan. au Decembre 1836.

A Dissertation on the Causes and Effects of Disease considered in reference to

the Moral Constitution of Man. By Henry Clark Barlow, M.D.

Constitution and Regulations of the Glasgow and Clydesdale Statistical Society,

instituted April 1836.

Maps of the Ordnance Survey of Great Britain, No. 59.

December 18.

Comptes Rendus Hebdomadaires des Seances de 1'Academie des Sciences de Paris,

1837, 2me Semestre. Nos. 20, 21, 22.

Journal of the Asiatic Society of Bengal for March 1837.

Scientific Memoirs, selected from the Ti-ansactions of Foreign Academies of

Science and Learned Societies, and fx'om Foreign Journals. Edited by

Richard Taylor, F.S. A., &c. Vol. i.

A Synopsis of Chronology from the era of Creation, according to the Septuagint,

to the year 1837. By William Cuninghame, Esq.

January 1. 1838.

Comptes Rendus Hebdomadaires des Seances de 1' Academie des Sciences de Paris.

1837, 2me Semestre. Nos. 23 and 24.

Essays on Unexplained Phenomena. By Graham Hutchison.

Observations Meteorologiques et Magnetiques faites dans Tetendue de I'Empire

de Russie. Redigees et publiees par A. T. Kupffer. Tome i. No. 1.

January 15.

Natuur-en Scheikundig Archief, uitgegeven door G. J. Mulder en W. Wencke-

bach. 1837. St. 1, 2.

Tijdschrift voor Natuurlijke Gescheidenis en Physiologie. Uitgegeven door J.

Van der Hoeven, M.D., en W. H. De Vriese, M.D. Vol. iii. part 4.

Comptes Rendus Hebdomadaires des Seances de 1' Academie des Sciences de Paris.

1837, 2me Semestre. Nos. 25, 26.

Account of a Case of Hermaphrodism. By P. D. Handyside, M. D.

Account of a remarkable Case of Suicide, with Observations on the fatal issue of

the rapid introduction of Air in large quantity into the Circulation during

Surgical Operations. By P. D, Handyside, M.D., F.R.S.E.

DONORS.

The Author.

Ditto.

British Associa-

tion.

American Philoso-

pliical Society.

Society of Arts for

Scotland.

The Author.

Lieut. W. S. Strat-

ford, R. N.

La Societe.

The Author.

The Society.

Board of Ordnance.

The Academy.

The Society.

The Editor.

The Author.

The Academy.

The Author,

Le Ministre des

Finances de

Russie.

The Editors.

Ditto.

The Academy.

The Author.

Ditto.

4
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DONATIONS. DONORS.

February 5.

Comptes Rendus Hebdomadaires des Seances de I'Academie des Sciences (1837,

2me Semestre), No. 26, et (1838, ler Semestre), Nos. 1, 2.

Bulletin de la Societe de Geographie, 2me Serie, Tome vii.

Bulletin de la Societe Geologique de France. Tome viii, Feuilles 21-25.

Journal of the Asiatic Society of Bengal for June 1837.

February 19.

Comptes Rendus Hebdomadaires des Seances de I'Academie des Sciences de Paris.

1838, ler Semestre. Nos. 3, 4, 5.

Bulletin des Seances de I'Academie Royale de Bruxelles (1837), Nos. 1, 2, 3,

4, 5, 6, 7, 8.

Nouveaux Memoires de I'Academie Royale des Sciences et Belles Lettres de

Bruxelles. Tome x.

Memoires Couronnes par I'Academie Royale des Sciences et Belles Lettres de

Bruxelles. Tome xi.

Armales de I'Observatoire de Bruxelles, publics, aux frais de I'etat, par le Direc-

teur A. Quetelet. Tome i. partie 2.

Memoix-es sur Trois Integrales Definies, par M. J. Plana, Directeur de I'Obser-

vatoire de Turin.

Transactions of the Cambridge Philosophical Society. Vol. vi. part 2.

Bulletin de la Societe de Geographie, 2me Serie, Tome viii.

March 5.

Elements of Chemistry; by the late Edward Turner, M.D. Sixth edition, en-

larged and revised by Professor Liebig and Wilton G. Turner. Part 11.

Comptes Rendus Hebdomadaires des Seances de I'Academie des Sciences. No. 6,

ler Semestre 1838.

Flora Batava. Nos. 112 and 113.

On the Nature and Treatment of the Diseases of the Heart ; with some views on

the Physiology of the Circulation. By James Wardrop, M.D., Surgeon to

his late Majesty George IV. &c. &c.

Notice sur les Marbres
;
par M. Theodore Virlet.

The Quarterly Journal of Agriculture, and the Prize Essays and Transactions of

the Highland and Agricultural Society of Scotland. No. 40, March 1838.

Bulletin de la Societe Geologique de France. Tome ix. Feuilles 1—5.

Recherches Historic[ues et Statistiques sur la Population de Geneve. Par Edouard

Mallet.

Researches into the Cause of Voltaic Electricity. By Mons. Auguste de la Rive-

De rinfluence qu'exerce la Chaleur sur la Facilite que le Courant Electrique pos-

sede a passer d'une liquide dans un Metal. Par M. la Professeur A. de la

Rive.

Proceedings of the Royal Society, Nos. 28, 29, 30.

Address of his Royal Highness the Duke of Sussex, K.G., the President, read

at the Anniversary Meeting of the Royal Society on November 30. 1837.

Address to her Majesty, referred to in the Address of his Royal Highness the

President of the Royal Society.

Philosophical Transactions of the Royal Society of London, for the year 1837.

Parts 1 and 2.

The Academy.

The Society.

Ditto.

Ditto.

The Academy.

Ditto.

Ditto.

Ditto.

The Author.

Ditto.

The Society.

Ditto.

The Editors.

The Academy.

King of Holland.

The Author.

Ditto.

The Society.

Ditto.

The Author.

Ditto.

Ditto.

Royal Society.

Ditto.

Ditto.

Ditto,
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DONATIONS.

List of the Fellows of the Royal Society for the year 1837.

Astronomical Observations made at the Royal Observatory, Greenwich, in the

year 1836, under the direction of George Biddell Airy, Esq. M. A., Astro-

nomer-Royal.

The Cambridge Mathematical Journal. Nos. 1 and 2.

Malacologia Monensis. A Catalogue of the Mollusca inhabiting the Isle of Man
and the neighbouring Sea. By Edward Forbes, President of the Royal

Physical Society of Edinbm-gh, &;c. &;c.

March 19.

Annals of Natural Histoiy, or Magazine of Zoology, Botany, and Geology.

Conducted by Sir William Jai'dine, Bart. ; P. J. Selby, Esq. ; Sir W. J.

Hooker; and Richard Taylor, Esq. (No. 1, New Sei'ies).

Comptes Rendus Hebdomadaires des Seances de I' Academic des Sciences de Paris.

ler Semestre 1838. Nos. 7, 8, 9.

Proceedings of the Geological Society of London, Nos. 52, 53.

Transactions of the Geological Society of London. (Second Series.) Vol. v.

part 1.

Theory of Heat, By Philip Kelland, M.A., Fellow and Tutor of Queens' Col-

lege, Cambridge.

Hortus Mauritianus, ou Enumeration des Plantes Exotiques et Indigenes, qui

croissent a I'lle Maurice, disposees d'apres la Methode Naturelle. Par W.
Bojer.

Journal of the Asiatic Society of Bengal, for June and August 1837.

April 2.

Journal of the Royal Asiatic Society of Great Britain and Ireland. No. 8.

Comptes Rendus Hebdomadaires des Seances de 1'Academie des Sciences de Paris.

1838, ler Semestre. No. 10.

Madras Journal of Literature and Science. Published under the auspices of the

Madras Literary Society, and Auxiliary Royal Asiatic Society. Nos. 15,

16, and 17.

April 9.

Report on the Physical Condition of the Assam Tea Plant, with reference to

Geological Structure, Soils, and Climate. By John M'Clelland, Esq. As-

sistant-Surgeon, Bengal Establishment.

Seventeenth Report of the Council of the Leeds Philosophical and Literary So-

ciety at the close of the Session 1836—7.

Comptes Rendus Hebdomadaires des Seances de 1'Academie des Sciences de Paris.

1838, ler Semestre. Nos. 11, 12.

Proceedings of the Geological Society of London, Nos. 54 and 55.

Nieuwe Verhandelingen der Eerste Klasse van het Konninklijk-Nederlandsche

Instituut van Wetenschappen, Letterkunde en Schoone Kunsten te Amster-

dam. Vol, vi.

Abhandlungen der Kbniglichen Akademie der Wissenschaften zu Berlin. 1835.

Bericht iiber die zur Bekanntmachung geeigneten Verhandlungen der Kbnigl.

Preuss. Akademie der Wissenschaften zu Berlin vom Mai 1836 bis Juni

1837.

Bestimmung der Lange des einfachen Secundenpendels fur Berlin von F. W.
Bessel.

DONORS.

Royal Society.

Ditto.

The Editor.

The Author.

The Editors.

The Academy.

The Society.

Ditto.

The Author.

Lord Glenelg,H.M.

Sec. of State for

the Colonies.

The Society.

Ditto.

The Academy.

The Society.

The Author.

The Society.

Ditto.

Ditto.

The Institute.

The Academy.

Ditto.

The Author.
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BONATIONS.

Astronomisclie Beobachtungen auf der Koniglichen Universitats-Sternwarte in

Konigsberg von F. W. Bessel. 18th part.

The Glasgow Mortahty Bill for the year ending 31st December 1837. By

Henry Paul, Accountant.

Ordnance Survey of the County of Londonderry. Colonel Colby, R.E., F.E.. S.

L. & E. &c., Superintendent. Vol. i.

Views of the Architecture of the Heavens, in a Series of Letters to a Lady. By

J. P. Nichol, LL.D., F.R.S.E.

April 16,

Comptes Rendus Hebdomadaires des Seances de 1' Academie des Sciences de Paris.

1838, ler Semestre. No. 13.

A Systematic and Stratigraphical Catalogue of the Fossil Fish in the Cabinets

of Lord Cole and Sir Philip Grey Egerton. By Sir Philip Grey Egerton,

Bart.

May 7.

A Catalogue of Circumpolar Stars, deduced from the Observations of Stephen

Groombridge, Esq. F.R.S. Edited by George Biddell Airy, A.M., Astro-

nomer-Royal.

Comptes Rendus Hebdomadaires des Seances de I'Academie des Sciences, 1838,

ler Semestre. Nos. 14, 15.

Memorias da Academia R. das Sciencias de Lisboa. Vol. xi. part 2, and Vol, xii.

part 1.

Proceedings of the Royal Irish Academy for the year 1836—37. Part 1.

Transactions of the Royal Irish Academy. Vol. xvii. parts 2 and 3.

Journal of the Asiatic Society of Bengal for September and October 1837.

Inquisitionum in Officio Rotulorum Cancellarise Hibernise Asservatarum, Reper-

torium. Vols. i. ii,

Rotulorum Patentium et Clausorum Cancellarise Hibernise Calendarium, Vol, i.

part 1. Hen. II.—Hen. VII.

Rotuli Chartarum in Turri Londinensi Asservati. Accurante Thoma Duifus

Hardy, S. S. A. e Soc. Int. Tempi. Lend. Vol. i. part 1. Ab anno mcxcix.

ad annum mccxvi.

Registrum vulgariter nuncupatum, " The Record of Caernarvon;" e Codice m.sto.

Harleiano 696 Descriptum.

General Report to the King in Council from the Honourable Board of Commis-

sioners on the Public Records, appointed by His Majesty King William IV.,

by a Commission dated the 12th March in the first year of his reign; with

an Appendix and Index.

December 3.

The Journal of the Royal Geographical Society of London, Vols. i. to vii., and

Vol. viii. part 1.

Comptes Rendus Hebdomadaires des Seances de I'Academie des Sciences 1838.

ler Semestre, Nos. 17 to 26. 2me Semestre, Nos. 1 to 20.

Annalen der Physik und Chemie. Herausgegeben zu Berlin, von J. C. Pog-

gendorff. 1837, Nos. 10, 11, 12.

Researches on Heat. 3d Series. By James D. Forbes, F.R.SS.L. & E.

Nova Acta Physico-Medica Academiee Ceesarese Leopoldino-Carolinse Naturae

Curiosorum. Vol. xviii, part 1.

VOL. XIV. PART II. 7 F

DONORS.

The Author.

Ditto.

Lord Lieutenant

of Ireland.

The Author.

The Academy.

The Author.

Lords Commission-

ers of the Ad-

miralty.

The Academy.

Ditto.

Ditto.

Ditto.

The Society.

Commissioners on

the Public Records

of the Kingdom.

Ditto.

Ditto.

Ditto.

Ditto.

The Society.

The Academy.

The Editor.

The Author.

The Academy.
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Statistique de la Grande-Bretagne et de 1' Ireland, par Alex. Moreau de Jonnes.

2 tomes.

The American Journal of Science and Arts. Conducted by Benjamin Silliman,

M.D., LL.D. For January and April- 1838.

Bulletin de la Societe Geologique de France. Tome ix. Feuilles 6—19.

Journal of the Statistical Society of London, for June, July, August, September,

October, and November.

Memoires de la Societe de Physique et d'Histoire Naturelle de Geneve. Tome viii.

part 1.

The Fifth Keport of the Royal Cornwall Polytechnic Society, 1837.

A Dissertation on the Nature and Character of the Chinese System of Writing,

in a Letter to John Vaughan, Esq. By Peter S. Du Ponceau, LL.D.,

President of the American Philosophical Society, &c.

Journal of the Asiatic Society of Bengal for December 1837 and February 1838.

Proceedings of the Geological Society of London. No. 56.

E-evue Zoologique par la Societe Cuverienne. No. 1.

Astronomische Nackrichten. Nos. 337 to 348.

Astronomical Observations made at the Royal Observatory, Edinburgh. By
Thomas Henderson, F.R. S.E. and R. A.S., &c.

Maps of the Ordnance Survey of Great Britain. Nos. 49, 50, 66, 67, and 68.

The Malacological and Conchological Magazine. Conducted by G. A. Sowerby,

F.L.S., &c. &c. &c. Part 1.

Nieuwe Verhandelingen der Eerste Klasse van het Konninklijk-Nederlandsche

Instituut van Wetenschappen, Lettei'kunde en Schoone Kunsten te Amster-

dam. Deel 7, Stucks 1, 2, 3.

Elements of Chemistry, including the Applications of the Sciences to the Arts.

By Thomas Graham, F. R. SS. L. & E., &c. Part 2.

Fifteenth Report of the Whitby Literary and Philosophical Society, presented at

the Annual Meeting, October 31. 1837.

Statistical Report of the Sickness, Mortality, and Invaliding, among the Troops

in the West Indies. By Captain Alexander Tulloch, and Henry Marshall,

Esq.

Description Nautique des Cotes de I'Algerie, par M. A. Berard, Capitaine de

Corvette ; suivies de Notes par M. de Tessau Ingenieur-Hydrographe, 1837.

8vo, avec Carte.

Bulletin de la Societe de Geographie. Deuxieme Serie. Tome ix.

Transactions of the Society for the Encouragement of Arts, &c. Vol. ii. part 2.

Memoire sur la Chaleur Solaire, sur les pouvoirs rayonnants et absorbants de I'air

Atmospherique, et sur la Temperature de I'espace. Par M. Pouillet.

Flora Batava. Nos. 114 and 115.

Tijdsclirift voor Natuurlijke Geschiedenis en Physiologie. Uitgegeven door J.

Van Der Hoeven, M. D., en W. H. De Vriese, M. D. Decl iv. Stucks 3, 4.

Minutes of Proceedings of the Institution of Civil Engineers.

An Experimental Essay on the Physiology of the Blood. By Charles Maitland,

M.D.
(Christian! Hugenii aliorumque seculi xvii. Virorum celebrium Exercitationes

Mathematicae et Philosophicee ex Manuscriptis in Bibliotheca Academiaj

Lugduno-Batavfe servatis. Edidit Petrus Joannes Uylenbroeck in eadem

Academia Physices et Astrononiijc Prof. Extraord. Fascic. 1, 2.

DONORS.

The Author.

The Editor.

The Society.

Ditto.

Ditto.

Ditto.

American Philoso-

phical Society.

The Society.

Ditto.

Ditto.

Prof. Schumacher.

Royal Society of

London.

Board of Ordnance.

The Editor.

The Institute.

The Author.

The Society.

The Authors.

Le Directeur Ge-

neral du Depot

des Cartes de la

Marine.

The Society.

Ditto.

The Author,

King of Holland.

The Editors.

The Institution.

The Author.

The Academy.
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DONATIONS.

Transactions of the American Philosophical Society held at Philadelphia for pro-

moting Useful Knowledge. New Series. Vol. vi. part 1.

Transactions of the Royal Irish Academy. Vol. xviii. part 1.

Proceedings of the Royal Irish Academy for the Year 1837-88. Part 2.

Second Report of the Commissioners appointed to consider and recommend a

General System of Railways for Ireland, with Atlas, Plans, and Sections

of the several Lines.

On the present state of our knowledge in regard to Dimorphous Bodies. By J.

F. W. Johnston, M.A.
The Economy of a Coal-Field. By J. F. W. Johnston, M.A.

Bericht iiber die zur Bekanntmachung geeigneten Verhandlungen der Konigl.

Preuss. Akademie der Wissenschaften zu Berlin vom Juli 1837 bis Juni

1838.

Abhandlungen der Konialichen Akademie der Wissenschaften zu Berlin, 1836.

The Seventh Report of the British Association for the Advancement of Science,

held at Liverpool in 1837.

Eloge Historique d'Antoine Laurent de Jussieu, par M. Flourens.

Catalogue of the Chinese Library of the Royal Asiatic Society.

Journal of the Royal Asiatic Society of Great Britain and Ireland. No. 9, for

August 1838.

Memoires de la Societe Geologique de France. Tome iii. part 1.

Eighteenth Report of the Council of the Leeds Philosophical and Literary So-

ciety, at the close of the Session 1837—38.

The American Almanac and Repository of Useful Knowledge for the Year 1839.

Proceedings of the American Philosophical Society, January to August 1838.

Recueil d' Observations Magnetiques faites a St Petersbourg et sur d'autres points

de rEmpire de Russie. Par A. T. Kupffer,

Bulletin de la Societe Imperiale des Naturalistes de Moscow. 1837, Nos. 5, 6,

7, 8 ; and 1838, Nos. 1, 2, 3.

Recherches sur le Mouvement et I'Anatomie du Stylidium Graminifolium. Par

Ch. Morren, Professeur de Botanique a I'Universitie de Liege.

Ten other Botanical Tracts.

On a New Correction in the Construction of the Double Achromatic Object

Glass. By Richard Potter, Esq.

Sketch of the Geology of Exeter and the Neighbourhood. By T. Shapter, M. D.

Documents and Records illustrating the History of Scotland, and the Transac-

tions between the Crowns of Scotland and England, preserved in the Trea-

sury of Her Majesty's Exchequer. Collected and edited by Sir Francis

Palgrave, K. H. Vol. i.

Annalium Societatis Eruditse Hungaricee Volumen Tertium.

Memoirs of the Royal Academy of Stockholm for 1836.

Annual Reports on the Progi-ess of the Sciences, presented to the Royal Aca-

demy of Stockholm in 1836.

Maps of the Ordnance Survey of Ireland.

The Quarterly Journal of Agriculture ; and the Prize Essays and Transactions

of the Highland and Agricultural Society of Scotland. For June, Septem-

ber, and December 1838.

December 17.

Memoires Couronnes par I'Academie Royale des Sciences et Belles Lettres de

Bruxelles. Tome xii. and xiii.

DONORS.

The Society.

The Academy.

Ditto.

Irish Railway

Commissioners.

The Author.

Ditto.

The Academy.

Ditto.

The Association.

The Author.

The Society.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

The Author.

The Society.

The Author.

The same Author.

The Author.

Ditto.

Commissioners on

the Public Re-

cords.

The Society.

The Academy.

Ditto.

Loi'd Lieutenant.

The Society.

The Academy.
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DONATIONS.

Bulletin des Seances de TAcademie Royale des Sciences et Belles Lettres de

Bruxelles. 1837, Nos. 10, 11, 12. 1838, Nos. 1, 2, 3, 4, 5, 6, 7, 8.

Annuaire de 1'Academic Royale des Sciences et Belles Lettres de Bruxelles pour

I'an 1838,

Annuaire de I'Observatoire de Bruxelles pour I'an 1838, par le Directeur A.

Quetelet.

De r Influence des Saisons sur la Mortalite aux diflferens Ages dans la Belgique,

par A. Quetelet.

Resume des Observations Meteorologiques faites en 1837 ^ 1' Observatoire de

Bruxelles, et communiquees par A. Quetelet.

Recberclies sm- les Proprietes des Courants Magneto-Electriques, par M. le Prof.

Aug. de la Rive.

Examen Critique d'un Memoire de M. P. Leroux, intitule du Bonbeur, par L.

A. Gruyer.

Discurso lido em 15 de Maio de 1838 na Sessas publica da Academia Real das

Sciencias de Lisboa, par Joaquim Jose Da Costa de Macedo.

Astronomische Nachricbten, Nos. 349 to 354.

Memoires de I'Academie Imperiale des Sciences de St Petersbourg. (Sciences

Mathematiques, &c.) Tome i. livrs. 5, 6 ; et Tome ii. livrs. 1, 2.

Do. do. (Sciences Naturelles.) Tome ii. livrs. 4, 5, 6.

Do. do. (Memoires presentes par divers Savans.) Tome iii. livrs. 3, 4,

5, 6 ; et Tome iv. livrs. 1, 2.

Recueil des Actes de la Seance Publique de I'Academie Imperiale des Sciences

de St Petersbourg tenue le 29 Decembre 1837.

Comptes Rendus Hebdomadaires des Seances de I'Academie des Sciences de Paris.

1838, (2me Semestre.) Nos. 21, 22.

Natuur-en-Scbeikundi<T Archief, uitge^even door G. J. Mulder en W. Wencke-

bach. Jaargang 1837- 3d Stuk.

DONORS.

The Academy.

Ditto.

The Author.

Ditto.

Ditto.

Ditto.

Ditto.

The Academy.

Prof. Schumacher.

The Academy.

Ditto.

Ditto.

Ditto.

Ditto.

The Editors.

January 7. 1839.

Eulogy on Nathaniel Bowdich, LL.D., President of the American Academy of

Arts and Sciences. By John Pickering.

Eulogy on the Life and Character of Nathaniel Bowdich, LL.D., F.R. S. By
Daniel Appleton White.

A Discourse on the Life and Character of the H>"n. Nathaniel Bowdich, LL.D.,

F. R. S. By Alexander Young.

Journal of the Statistical Society of London for December 1838.

Memoirs of the Wernerian Natural History Society for the Years 1831-37.

Vol. vii.

The Journal of the Royal Geographical Society of London. Vol. viii. parts 2—3.

A Sketch of the Geology of Fife and the Lothians, including detailed Descrip-

tions of Arthur's Seat and Pentland Hills. By Charles Maclaren, Esq,

F.R.S.E.

The American Journal of Science and the Arts. Conducted by Benjamin

Silliman jun., A. B.

Memorie della Reale Accademia della Scienze di Torino. Tome xl.

Transactions of the Institution of Civil Engineers. Vol. ii.

Comptes Rendus Hebdomadaires des Seances de I'Academie des Sciences de Paris.

(1838, 2me Semestre.) Nos. 23, 24, 25.

Journal of the Asiatic Society of Bengal. April, May, June, 1838.

American Aca-

demy.

Ditto.

Ditto.

The Society.

Ditto.

Ditto.

The Author.

The Editor.

The Academy.

The Institution.

The Academy.

The Society.
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DONATIONS. DONORS.

January 21.

The Natural History of the Fishes of the Firth of Forth and Tributaries. By
Richard Parnell. M. D., F. E. S. E.

The Laws of Harmonious Colouring, adapted to Interior Decorations, Manufac-

tures, and other useful purposes. By R. D. Hay, house-painter.

The Silurian System, founded on Geological Researches in the Counties of Salop,

Hereford, Radnor, Montgomeiy, Caermarthen, Brecon, Pembroke, Mon-

mouth, Gloucester, Worcester, and Stafford ; with Descriptions of the Coal-

Fields and Overlying Formations ; with a large separate Map. By Ro-

derick Impey Murchison, F. R. S., F. L. S.

Comptes Rendus Hebdomadaires des Seances de I'Academie des Sciences (1838,

2d Semestre). Nos, 26, 27-

Flora Batava, No. 116.

February 4.

Tijdschrift voor Natuurlijke Gescheidenis en Physiologie. Uitgegeven door J.

Van Der Hoeven, M. D., en W. H. De Vriese, M. D.

First and Second Annual Reports, Laws, and Transactions of the Royal Botanical

Society of Edinburgh.

Address of His Royal Highness the Duke of Sussex, K. G., &c. &c., President

of the Royal Society, read at the Anniversary Meeting on Friday the 30th

November 1838.

Proceedings of the Geological Society of London, 1838. No. 59.

Journal of the Statistical Society of London for January 1839.

Comptes Rendus Hebdomadaires des Seances de I'Academie des Sciences de Paris.

1839, ler Semestre. Nos. 1, 2.

Natuur-en-Scheikundig Archief, uitgegeven door G. J. Mulder en W. Wenkebach.

1837. St. 4.

February 18.

Journal of the Asiatic Society of Bengal, No. 49, for January 1836.

Researches in Embryology. First Series. By Martin Barry, M. D., F.R.S.E.

Elements of Chemistry. By the late Edward Turner, M.D. 6th edition. Re-

vised by Justice Liebig, M.D., and W. G. Turner, Ph. D. Part 3.

Comptes Rendus Hebdomadaires des Seances de I'Academie des Sciences, 1839.

ler Semestre. Nos. 3 and 4.

Philosophical Ti-ansactions of the Royal Society of London for the year 1838.

Part 1.

Proceedings of the Royal Society of London, 1837-38. Nos. 31, 32, 33, 34,

and 35.

Astronomical Observations made at the Royal Observatory, Greenwich, in the

year 1837, under the direction of George Biddell Airy, Esq. M. A., Astro-

nomer-Royal.

Transactions of the Cambridge Philosophical Society. Volume vi. Part 3.

Astronomische Nachrichten, Nos. 355 to 364.

Annual Report of the Institution of Civil Engineers. Session 1839.

Comptes Rendus Hebdomadaires des Seances de I'Academie des Sciences. 1839.

ler Semestre. Nos. 5, 6.

Journal of the Statistical Society of London, No. 10, for February.

The Quarterly Journal of Agriculture ; and the Prize Essays and Transactions

of the Highland and Agricultural Society of Scotland, No. 44, for March

1839.

VOL. XIV. PART II. 7 G

The Author.

Ditto.

Ditto.

The Academy.

King of Holland.

The Editors.

The Society.

Ditto.

Ditto.

Ditto.

The Academy,

The Editors.

The Society.

The Author.

The Editors.

The Academy.

Royal Society.

Ditto.

Ditto.

The Society.

Prof. Schumacher.

The Institution.

The Academy.

The Society.

Ditto.
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DONATIONS.

A Geometrical Practical Treatise named Pantometria, Longimetra, Planimetra,

and Stereometria ; by Thomas Digges, Esq.

Abhandlungen der Kbniglichen Akademie der Wissenschaften zu Berlin. Aus

dem Jahre, 1833.

Uber die Landerverwaltung unter dem Chalifate. Von Joseph von Hammer.

Oomptes Rendus Hebdomadaires des Seances de 1'Academic des Sciences de Paris.

1839, ler Semestre. Nos. 7, 8.

The American Journal of Arts and Science. Conducted by Benjamin Silliman,

M. D., LL.D. Vol. XXXV. No. 2, for January 1839.

Journal of the Asiatic Society of Bengal for July 1838.

Natuur-en-Scheikundig Archief, uitgegeven door G. J. Mulder en W. Wencke-

bach. 1838. St. 1, 2.

Tijdschrift voor Natuurlijke Geschiedenis en Physiologie. Uitgegeven door J.

Van Der Hoeven, M.D., en W. H. De Vriese, M.D. Deel v. St. 3.

Recherches sur I'Histoire Naturelle et I'Anatomie des Limules. Par J. Van

Der Hoeven.

Tables of Logarithms ; published by Taylor and Walton, booksellers, London.

Journal of the Statistical Society of London for March 1839.

April 1.

Memoirs of the Royal Asti'onomical Society. Vols, ix and x.

Comptes Rendus Hebdomadaires des Seances de I'Acaderaie des Sciences de Paris.

1839, ler Semestre, No. 9.

Transactions of the Society for the Encouragement of Arts, Manufactures, and

Commerce. Vol. Hi. Part 1.

Annuaire de I'Academie Royale des Sciences et Belles Lettres de Bruxelles,

pour 1839.

Bulletin de I'Academie Royale des Sciences et Belles Lettres de Bruxelles. 1838.

Nos. 9, 10, 11, 12.

Nouveaux Memoires de I'Academie Royale des Sciences et Belles Lettres de

Bruxelles. Tome xi.

Memoires Couronnes par I'Academie Royale des Sciences et Belles Lettres de

Bruxelles. Tome xiv. Premiere pax-tie.

Annuaire de I'Observatoire de Bruxelles pour I'an 1839, par le Directeur A.

Quetelet, Directeur de cet Etablissement

Resume des Observations Meteorologiques faites en 1838 k I'Observatoire de

Bruxelles, par A. Quetelet.

Journal of the Asiatic Society of Bengal for August 1838.

Astronomical Observations made at the Royal Observatory, Edinburgh. By

Thomas Henderson, F.R. S.E. and R. A. S. Vol. ii. for the year 1836.

Journal of the Royal Geographical Society. Vol. ix. Part 1.

Geometrical Theorems and Analytical Formulse, with their application to the

Solution of certain Geodetical Problems. By William Wallace, LL.D. &c.

April 15.

Bulletin de la Societie de Geographie. Deuxieme serie. Tome x.

Comptes Rendus Hebdomadaires des Seances de I'Academie des Sciences de Paris.

1839, ler Semestre. Nos. 10, 11, 12.

Report on the Geology of Cornwall, Devon, and West Somerset. By Henry T.

De La Beche, F. R. S. &;c.

DONORS.

P. D. Handyside.

M.D.
The Academy.

Royal Academy at

Berlin.

The Academy.

The Editor.

The Society.

The Editors.

Ditto.

The Author.

The Publishers.

The Society.

The Society.

The Academy.

The Society.

The Academy.

Ditto.

Ditto.

Ditto.

The Author.

Ditto.

The Society.

Royal Society of

London.

The Society.

The Authoi'.

The Society.

The Academy.

Lords of the Trea-

sury,
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DONATIONS.

Flora Batava, No. 117,

Journal of the Statistical Society of London, No. 12, for April.

Herniarum Corporis Humaiji Tabulae Anatomico-Pathologicse ac Chirurgics qua

edidere Professores Imperatoriae Medico-Cliirurgicse Academiae Petropoli-

tanse Christianus Salomon Petrus Savenko.

Elise Buialsky Tabulae Anatomico-Chirurgicse, Operationes Ligandarum Arteria-

rum Majorum exponentes.

December 2.

Outlines of Human Physiology. By William Pulteney Alison, M.D., F.R. S.E.

Two Essays. I. On the Nature of the Boetian Numerical Contractions. II.

Notes on Early Calendars. By James Orchard Halliwell, Esq. of Jesus

College, Cambridge.

Remarks on the Classification of the different branches of Human Knowledge.

By J. W. Lubbock, Esq. F.R.S.

An Elementary Treatise on the Tides. By J. W. Lubbock, Esq. F.R. S.

Philosophical Transactions of the Royal Society of London for the year 1838.

Part 2.

Comptes Rendus Hebdomadaires des Seances de I'Academie Royale des Sciences,

1839. ler Semestre, Nos. 13-25. 2d Semestre, Nos. 1-19.

Tijdschrift voor Natuurlijke Geschiedenis en Physiologie. Uitgegeven door J.

Van Der Hoeven, en W. H. De Vriese, M.D. Deel vi. St. 1, 2, 3.

Proceedings of the Geological Society of London. Vol. iii. Nos. 60, 61, 62.

Transactions of the Institution of Civil Engineers. Vol. iii. part 1.

Proceedings of the American Philosophical Society. Nos. 5, 6, 7.

Bulletin de la Societe de Geologique de France. Tome ix. Feuilles 28—32.

Tome X. Feuilles 5—15.

Journal of the Asiatic Society of Bengal, for September, October, November,

December 1838.

The Quarterly Journal of Agriculture, and the Prize Essays and Transactions of

the Highland and Agricultural Society of Scotland, for June, September,

and December 1839.

Nova Acta Physico-Medica Academise Ceesarese Leopoldino-Carolinse Naturae

Curiosorum. Vol. xviii. part 2.

Eloge Historique d'Antoine-Laurent de Jussieu. Par M. Flourens.

Archives du Museum d'Histoire Naturelle, publiees par les Professeurs-Admi-

nistrateurs de cet Etablissement. Tome i. livn. 1.

Recherches sur les Ossemens Fossiles de la Russie. Par G. Fischer de Waldheim.

Memoir of William Vaughan, Esq.

Transactions of the American Philosophical Society, held at Philadelphia, for

promoting Useful Knowledge. Vol. vi. part 2. (New Series.)

Memoires de la Societe Geologique de France. Tome iii. part 2.

Transactions of the Royal Society of Literature of the United Kingdom. Vol. i.

part 1 ; and Vol. iii. parts 1, 2.

On the Enlisting, Discharging, and Pensioning of Soldiers, with the official do-

cuments on these branches of Military Duty. By Henry Marshall,

F.R.S.E., Deputy Inspector- General of Army Hospitals.

The Transactions of the Linnean Society of London. Vol. xvii. part 2.

Proceedings of the Linnean Society of London. Nos. 1, 2.

Quarterly Journal of the Statistical Society of London. July and October.

Memoires sur le Canada, depuis 1749 jusqu'a 1760.

DONORS.

King of Holland,

The Society.

Imperial Medico-

Chirurgical Acad.

of St Petersburgh.

Ditto,

The Author.

Ditto.

Ditto.

Ditto.

Royal Society.

The Academy.

The Editors,

The Society.

The Institution.

The Society.

Ditto.

Ditto.

Ditto.

The Academy.

The Author.

The Editors.

The Author.

Ditto.

The Society.

Ditto.

Ditto.

The Author.

The Society.

Ditto.

Ditto.

Lit. and Hist. Soc.

of Quebec.
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DONATIONS.

An Essay on the State of Literature and Learning under the Anglo-Saxons.

By Thomas Wright, Esq.

Madras Journal of Literature and Science. 1838, April to December. 1839,

January to March.

Transactions of the Royal Irish Academy. Vol. xviii. part 2.

Memoir of the late Honourable Nathaniel Bowdich, LL.D., of Boston. By
N. J. Bowdich.

The Narrative of Captain David Woodward and Four Seamen, who lost their

ship while in a boat at sea, and surrendered themselves up to the Malays

in the Island of Celebes.

Recueil de Voyages et de Memoires, publie par la Societe de Geographic.

Tome iv.

Annuaire des Marees de Cotes de France pour I'an 1839. Par A. M. R.

Chazallon.

Memoire sur les divers moyens de se procurer une Base pour la mesure directe,

par la vitesse du Son, par des Observations Astronomiques, &c. Par A.

M. R. Chazallon.

Instructions pour Naviguer sur la Cote Orientale de Terre Neuve, depuis le Cap

de Bonavista jusqu'au cap Normand. Par M. Ch. Lavand,

De I'Etablissement des Frangais dans la Regence d'Alger, et des Moyens d'en

assurer la prosperite. Par M. P. Genty de Bussey. 2 tomes.

Rara Mathematica ; or a Collection of Ti'eatises on the Mathematics and sub-

jects connected with them, from ancient unedited manuscripts. Edited by

James Orchard Halliwell, Esq. F. R. S., &c.

Mecanique Celeste. By the Marquis De La Place. Translated, with a Com-

mentary, by Nathaniel Bowditch, LL.D., and with a Memoir of the Trans-

lator, by his Son. Vol. iv.

Astronomische Naclu'ichten. Nos. 365 to 379.

Astronomische Beobachtungen auf der Kbniglichen Universitats-Sternwarte in

Kbnigsberg. Von F. W. Bessel. 9th part.

Neue Wirbelthiei'e zu der Fauna von Abyssinien gehorig, entdecht und beschrie-

ben von Dr Eduard RiippeU. Nos. 10, 11, 12.

Report upon the Military and Hydrographical Chart of the Extremity of Cape

Cod, including the Townships of Province Town and Truro, with their Sea-

coasts and Ship Harbour, projected from Surveys executed under the direc-

tion of James D. Graham.

Manuel Complet du Micrographie. Par Charles Chevalier.

The Journal of the Royal Geographical Society of London. Vol. ix. part 2.

Address at the Anniversary Meeting of the Royal Geographical Society, 27th

May 1839. By William R. Hamilton, Esq., F.R.S., President.

Narrative of the Discoveries of Sir Charles Bell in the Nervous System. By

Alex. Shaw, assistant-surgeon to the Middlesex Hospital.

Report of the Eighth Meeting of the British Association for the advancement of

Science, held at Newcastle in August 1838. Vol. vii.

Memoir on the Mid-Lothian and East-Lothian Coal-Fields. By David Milne,

Esq. F.R.S.E. andF.G.S.

Natuur-en Scheikundig Archief, uitgegeven door G. J. Mulder en W. Wencke-

bach. 1838. St. 3.

Abhandlungen der Kbniglichen Akademie der Wissenschaften zu Berlin. Aus

dem Jahre 1837.

DONORS.

Royal Society of

Literature.

Madras Literary

Society.

The Academy.

The Author.

Wm. Vaughan,

Esq.

The Society.

The Author.

Ditto.

Ditto.

Ditto.

Ditto.

The Editor.

Representatives of

the Translator.

Prof. Schumacher.

The Author.

Ditto.

Prof. A. D. Bache.

The Author.

The Society.

Ditto.

The Author.

British Associa-

tion.

The Author.

The Editors.

The Academy.
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DONATIONS.

Bericht uber die zur Bekanntmachung geeigneten Verhandlungen der Konigl.

Preuss. Akademie der Wissenschaften zu Berlin. Monats Juli 1838 bis

Juni 1839.

Remarkable Case of Extrophy of the Urinary Bladder, with Remarks. By P.

D. Handyside, M. D.

History of the Sternoptixinge, a family of the Osseous Fishes, and their anatomi-

cal peculiarities, with a description of the Sternoptix Celibes, a species not

hitherto noticed. By P. D. Handyside, M.D.
Elements of Chemistry, including the applications of the Science to the Arts.

By Thomas Graham, F. R. S. L. & E. Part 1, 2, 3.

The Journal of the Royal Asiatic Society of Great Britain and Ireland. No. 10.

Nineteenth Report of the Council of the Leeds Philosophical and Literai-y So-

ciety at the close of the Session 1838-9.

Annuaire Magnetique et Meteorologiq[ue du Corps des Ingenieurs des Mines de

Russie. Par A. T. Kupfer.

The American Almanac and Repository of Useful Knowledge for the year 1840.

Voyage dans la Russie Meridionale, sous la direction de M. A. Demidoff. Livrai-

sons 1—23. Atlas au meme, folio.

Pilote Frangais, Quatrieme Partie, compi-enant les Cotes Sej^entrionales -de France

depuis rile Brebat jusqu'a Barfleurs.

Maps of the Ordnance Survey of England and Wales. Nos, 71 and 74.

Maps -ei the Ordnance Survey of Ireland (County Kildare), 45 sheets.

DONORS.

The Academy,

The Author.

Ditto.

Ditto,

The Society.

Ditto.

Le Ministre des

Finances.

Amer. Phil. Soc.

Count Demidoff.

Le Ministre de la

Marine.

Board of Ordnance>

Ditto,

December 16.

Journal of the Asiatic Society of Bengal, No. 85, for January 1839. The Society.

Transactions of the Meteorological Society. Vol. i. Ditto.

Comptes Rendus Hebdomadaires des Seances de I'Academie des Sciences (1839, Ditto.

2d Semestre). Nos. 20, 21, 22.

January 6. 1840.

The Sixth Annual Report o>f the Royal Cornwall Polytechnic Society, 1838.

Abstract of the Returns of the Overseers of the Poor in Massachusetts for 1837

and 1838, prepared by the Secretary of the Commonwealth.

Abstract of the Returns of Insurance Companies, incorporated with Specific Ca-

pital in 1838.

Abstract exhibiting the condition of the Banks in Massachusetts, in February

and October 1838.

Abstract of the Massachusetts School Returns for 1837.

First and Second Annual Reports of the Board of Education.

Report of the Secretary of the Board of Education on the subject of School-

Houses.

Report of the Committee on Education relative to the School-Fund.

Report and Resolves in relation to the North-Eastern Boundary in March 1838.

Report of the Bank Commissioners.

Schedule exhibiting the condition of the Banks in Massachusetts for every year

from 1803 to 1837-

Report of the Commissioners on Codification of the Common Law.

Preliminary Report of the Commissioners on Criminal Law.

Annual Reports of the Railroad Corporations in the State of Massuchuset-ts for

1838.

VOL XIV. PART II, 7 H

Ditto.

Family of the late

Dr Bowdich.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto,
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DONATIONS.

First Report on the Geology of the Public Lands in the State of Maine.

Report on a Re-examination of the Economical Geology of Massachusetts.

Statistical Tables exhibiting the condition and products of certain Branches of

Industry in Massachusetts, for the year 1837.

Second Report of the Agriculture of Massachusetts.

Reports of the Commissioners of the Zoological Survey of the State of Massa-

chusetts.

Reports on the Fishes, Reptiles, and Birds of Massachusetts.

Second Part of the twentieth volume of the Asiatic Researches.

Journal of the Asiatic Society of Bengal, for February and March 1839.

Transits as observed, and calculation of the Apparent Right Ascension at the

Cape of Good Hope, 1834.

Zenith Distances observed with the Mural Circle, at the Royal Observatory,

Cape of Good Hope, and the Calculation of the Geocentric South Polar

Distances, 1836 and 1837.

Bessel's Refraction Tables.

Observations of Halley's Comet, made at the Royal Observatory, Cape of Good

Hope, in the years 1835 and 1836. By Thomas Maclear, Esq.

On the Declinations of the Principal Fixed Stars, deduced from Observations

made at the Observatory, Cape of Good Hope, in 1832 and 1833. By
Thomas Henderson, Esq.

Prospectus and Illustrations of the Natural History of the Scottish Salmonidse.

By Sir William Jardine, Bart.

February 17.

Comptes Rendus Hebdomadaires des Seances de I'Academie des Sciences, 1839.

2d Semestre, Nos. 23, 24, 25, 26, and 27. 1840. ler Semestre, Nos.

1, 2, 3.

Quarterly Journal of the Statistical Society of London. Vol. ii. Part 6. Ja-

nuary 1840.

Bulletin de la Societe de Geographie. 2me Series. Tome xi.

Flora Batava. Part 118.

March 2.

Transactions of the Geological Society of London. Second Series. Vol iv.

Part 2 ; and Vol. v. Part 2.

Comptes Rendus Hebdomadaires des Seances de I'Academie des Sciences. 1840.

ler Semestre. Nos. 4, 5.

Transactions of the American Philosophical Society held at Philadelphia for pro-

moting Useful Knowledge. Vol. vi. New Series, Part 3.

Proceedings of the American Philosophical Society. No. 8.

Journal of the Society of Bengal for April and May 1839.

Philosophical Transactions of the Royal Society of London for the year 1839.

Parts 1, 2.

Proceedings of the Royal Society of London. Nos. 37, 38, 39, 40.

Voyage dans la Russie Meridionale et la Crimee, par M, de Demidoff (Partie

Scientifique). Livs. 3 et 4 en 8vo, et Planches en fol.

The Journal of the Royal Geographical Society of London. Vol. ix. Part 3.

Ordnance Survey of the County Mayo in Ireland, in 125 sheets.

DONORS.

Family of the late

Dr Bowdich.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

The Society.

Ditto.

Lords Commission-

ers of Admiralty.

Ditto.

Ditto.

Ditto.

Ditto.

The Author.

The Academy.

The Society.

Ditto.

King of Holland.

The Society.

The Academy.

The Society.

Ditto.

Ditto.

Ditto,

Ditto.

The Author.

The Society.

Lord Lieutenant of

Ireland.
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DONATIONS.

The Quarterly Journal of Agriculture ; and the Prize Essays and Transactions

of the Highland and Agricultural Society of Scotland. No, 48, for March

1840.

April 6.

Comptes Rendus Hebdomadaires des Seances de I'Academie des Sciences, 1840.

ler Semestre. Nos. 6, 7, 8, 9.

Astronomische Nachrichten. Nos. 380 to 386.

Premier Memoire sur les Kaolins ou Argiles a Porcelaine, sur la Nature, le

Gisement, I'origine et le emploi de cette sorte d'Argile. Par M. Alexandre

Brongniart, Professeur de Mineralogie au Museum d'Histoire Naturelle.

Memoires de I'Academie Royale des Sciences et Belles Lettres de Bruxelles.

Tome xii.

Bulletins de I'Academie Royale des Sciences et Belles Lettres de Bruxelles.

Tome vi.

Annuaire de I'Academie Royale des Sciences et Belles Lettres de Bruxelles.

Sixieme Annee. 1840.

Annuaire de T Observatoire de Bruxelles, pour Tan 1840
; par le Directeur A.

Quetelet.

De la Liberte Physique et Morale ; par L. A. Gruyer.

Voyage dans la Russie Meridionale et la Crimee
; par M. de Demidoff (Paitie

Scientifique). Livraison 5 en 8vo, et Planches en fol.

Nova Acta Physico-Medica Academise Cesarese Leopoldino-Carolinae Naturae

Curiosorum. Tome xix. Part 1.

The Dedication of the Sanctuary ; a Poem. By James Kennedy Bailie, M.D.,

M.R.LA.
Observations on the Application of the Catadioptric Zones to Lights of the First

Order in the System of Fresnel ; with Tables of the Elements of Zones

adapted to these Lights. By Alan Stevenson, LL.B,, F.E.. S. E.

The Journal of the Royal Geographical Society of London. Vol. x. Part 1.

Collection de Memoires et de Relations sur I'Histoire Ancienne du Canada.

The Quarterly Journal of Agriculture ; and the Prize Essays and Transactions

of the Highland and Agricultural Society of Scotland. No. 48, for March

1840.

April 20.

Comptes Rendus Hebdomadaires des Seances de I'Academie des Sciences 1840.

ler Semestre. Nos. 10, 11, 12.

Third Annual Report and Proceedings of the Botanical Society. Session

1838-39.

Specimens of Printing Types in the office of Neill & Co. Printers and Type-

Founders.

A collection of Fossil Organic Remains from Touraine was presented by

Specimens of Fossil Vegetables and Shells from Shetland and Skye, by Professor

Necker of Geneva, Hon. F. R. S. Ed.

DONORS.

The Society.

The Academy.

Prof. Schumacher.

The Author.

The Academy.

Ditto.

Ditto.

The Author.

Ditto.

Ditto.

The Academy.

The Author.

Ditto.

The Society.

Lit. and Hist. Soc.

of Quebec.

The Society.

The Academy.

The Society.

Neill & Co.

Sir G. Mackenzie,

Bart.

Professor Necker.
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LAWS.

I.

The royal SOCIETY OF EDINBURGH shall consist of Ordinary

and Honorary Fellows.

II.

Every Ordinary Fellow, within three months after his election, shall

pay Five Guineas as fees of admission, and Three Guineas as his contri-

bution for the Session in which he has been elected ; and annually at the

commencement of every Session, Three Guineas into the hands of the

Treasurer.*

III.

All Fellows who shall have paid Twenty-five years' annual contribu-

tions shall be exempt from further payment.

IV.

Ordinary Fellows, not residing in Scotland, shall compound for the

annual contribution at the rate of fifteen years' purchase.

V.

Members failing to pay their contribution for three successive years

(due application having been made to them by the Treasurer), shall be

reported to the Council, and, if they see fit, shall be declared from that

period to be no longer Fellows, and the legal means for recovering such

arrears shall be employed.

* A modification of this rule, in certain cases, was agreed to 3d January 1831.



VI.

None but Ordinary Fellows shall bear any office in the Society, or

vote in the choice of Fellows or Office-bearers, or interfere in the patri-

monial interests of the Society.

VII.

The number of Ordinary Fellows shall be unlimited.

VIII.

The Ordinary Fellows, upon producing an order from the Tkea-

STIRER, shall be entitled to receive from the Publisher, gratis, the Parts of

the Society's Transactions which shall be published subsequent to their

admission.

IX.

No person shall be proposed as an Ordinary Fellow, without a re-

commendation subscribed by One Ordinary Fellow, to the purport be-

low.* This recommendation shall be delivered to the Secretary, and by

him laid before the Council, and shall afterwards be printed in the circu-

lars for three ordinary meetings of the Society, previous to the day of the

election, and shall lie upon the table during that time.

X.

Honorary Fellows shall not be subject to any Contribution. This

class shall consist of persons eminently distinguished for science or litera-

ture. Its number shall not exceed Fifty-six, of whom twenty may be

British subjects, and thirty-six may be subjects of foreign states.

* " A. B., a gentleman well skilled in several branches of Science (or Polite Literature

" a* the case may be), being to my knowledge desirous of becoming a Fellow of the Royal

" Society of Edinburgh, I hereby recommend him as deserving of that honour, and as likely

" to prove an useful and valuable Member."

This recommendation to be accompanied by a request of admission signed by the Can-

didate.



XI.

Personages of Royal Blood may be elected Honorary Fellows, without

regard to the limitation of numbers specified in Law X.

XII.

Honorary Fellows may be proposed by the Council, or by a recommen-

dation (in the form given below)* subscribed by three Ordinary Fellows

;

and in case the Council shall decline to bring this recommendation be-

fore the Society, it shall be competent for the proposers to bring the same

before a General Meeting. The election shall be by ballot, after the pro-

posal has been communicated viva voce from the Chair at one meeting, and

printed in the circular for the meeting at which the ballot is to take

place.

XIII.

The election of Ordinary Fellows shall take place at the ordinary

meetings of the Society. The election shall be by ballot, and shall be

determined by a majority of at least two-thirds of the votes, provided

Twenty-four Fellows be present and vote.

XIV.

The Ordinary Meetings shall be held on the first and third Mondays

of every month, from November to June inclusive. Regular minutes

shall be kept of the proceedings, and the Secretaries shall do the duty

alternately, or according to such agreement as they may find it convenient

to make.

* We hereby recommend_

for the distinction of being made an Honorary Fellow of this Society, declaring that each of

us from our own knowledge of his services to (Literature or Science as the case may be) be-

lieve him to be worthy of that honour.

(To be signed by three Ordinary Fellows.)

To the President and Council of the Royal Society
of Edinburgh.
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XV.

The Society shall from time to time publish its Transactions and Pro-

ceedings. For this purpose the Council shall select and arrange the

papers which they shall deem it expedient to publish in the Transac-

tions of the Society, and shall superintend the printing of the same.

XVI.

The Transactions shall be published in Parts or Fasciculi at the close

of each session, and the expense shall be defrayed by the Society.

There shall be elected annually for conducting the publications and

regulating the private business of the Society, a Council, consisting of a

President ; Six Vice-Presidents, two at least of whom shall be resident

;

Twelve Counsellors, a General Secretary, Two Secretaries to the Ordi-

nary Meetings, a Treasurer, and a Curator, and an Assistant-Curator of

the Museum and Library.

XVII.

Four Counsellors shall go out annually, to be taken according to the

order in which they stand on the list of the Council.

XVIII.

An Extraordinary Meeting for the Election of Office-Bearers shall be

held on the 4th Monday of November annually.

XIX.

Special Meetings of the Society may be called by the Secretary, by

direction of the Council ; or on a requisition signed by six or more Ordi-

nary Fellows. Notice of not less than two days must be given of such

meetings.

XX.

The Treasurer shall receive and disburse the money belonging to the

Society, granting the necessary receipts, and collecting the money when

due.



He shall keep regular accounts of all the cash received and expended,'

which shall be made up and balanced annually ; and at the last Ordi-

nary Meeting in January, he shall present the accounts for the preceding

year, duly audited. At this Meeting, the Treasurer shall also lay before

the Council a list of all arrears due above two years, and the Council shall

thereupon give such directions as they may deem necessary for recovery

thereof.

XXI.

At the Extraordinary Meeting in November, a Committee of Three

Fellows shall be chosen to audit the Treasurer's accounts, and give the

necessary discharge of his intromissions.

The report of the examination and discharge shall be laid before the

Society at the last Ordinary Meeting in January, and inserted in the re-

cords.

XXII.

The General Secretary shall keep Minutes of the Extraordinary Meet-

ings of the Society, and of the Meetings of the Council, in two distinct

books. He shall, under the direction of the Council, conduct the corres-

pondence of the Society, and superintend its publications. For these

purposes, he shall, when necessary, employ a clerk, to be paid by the So-

ciety.

The Secretaries to the ordinary Meetings shall keep a regular Minute-

book, in which a full account of the proceedings of these Meetings shall

be entered : they shall specify all the Donations received, and furnish a

list of them, and of the donors' names, to the Curator of the Library and

Museum : they shall likewise furnish the Treasurer with notes of all ad-

missions of Ordinary Fellows. They shall assist the General Secretary

in superintending the publications, and in his absence shall take his duty.

XXIII.

The Curator of the Museum and Library shall have the custody and

charge of all the Books, Manuscripts, objects of Natural History, Scien-

tific Productions, and other articles of a similar description belonging to
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the Society ; he shall take an account of these when received, and keep

a regular catalogue of the whole, which shall lie in the Hall, for the in-

spection of the Fellows.

XXIV.

All articles of the above description shall be open to the inspection of

the Fellows, at the Hall of the Society, at such times, and under such re-

gulations, as the Council from time to time shall appoint.

XXV.

A Register shall be kept, in which the names of the Fellows shall be

enrolled at their admission, with the date.
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