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I. On the Method of the Least Squares. By J. Ivory, Esq
M.A. F.E.S.

T^HE present advanced state of astronomy is to be ascribed
chiefly to the precision of the theories, and to the great

exactness of modern observations. But there is another cir-
cumstance which has likewise contributed much to the same
end; and that is, the method of combining the observations
so as to draAV from them the most advantageous results. In
general a very few observations are sufficient for approxima-
ting to the quantity of an astronomical element with a consi-
derable degree of precision. But the errors unavoidable by
the most skilful observers must always leave some uncertainty
in such determinations. The utmost precision can only be
obtained by multiplying the observations, and by making a
great number, embracing every possible variety of circum-
stances, concur in the valuation of the same element. Astro-
nomers accomplish this end by the use of eqtiations of con-
dition.

Let V denote an astronomical function, varying in different
circumstances, but involving one, or several determinate ele-
ments. Suppose that the values of the elements have been
found nearly ; and let the corrections, or the" differences be-
tween the approximate and the exact values, be denoted by
the small quantities x, ij, z, &c. : then if, for every element, we
substitute the sum of the approximate value and the correc-
tion, and expand into a series, neglecting the powers and
products of the small quantities x, jj, z, &c., we shall obtain,

y = V' + ax + hi/ + cz + &c.

L(!t O be an observed value of V: if () were rigorously
exact, we should have O = V ; but as every observation is

liable to error, if we denote tlie error by c, we shall have
Vol. 65. No. :J21. Jati. 182.5. A 2 O I-



4 Mr. Ivory oti the Method of the Least Squares.

O + e =V. Wherefore, by substituting the development of

V, and putting ?k= — V, we shall obtain this eq^iation of
condition,

e = — m + a X + bi/ + cz + &c.

Every observation will furnish a like equation. In this pro-

blem, therefore, we have a system consisting of any number
of equations, viz.

e = — m -'r ax \- b y -\-c z -\- &c.

e' = — m' + a'x + b'y +c'z +&c.
e"= — 7ti[+ a''x + Wy +c"z +&c.
&c.

And it is required to determine the corrections x, y, z, so

as to make the errors e, e', e", &c. either absolutely equal to

zero when this is possible, otherwise so that they shall be
contained within the least limits. When the number of the

equations is just equal to the unknown quantities x, y, z, &c.,

the errors being supposed evanescent, the problem will come
under the usual rules of algebra, and will admit of an exact

solution. But in the cases that occur in practice, the num-
ber of equations being greater than the corrections to be
found, no mode of solution will entirely annihilate the errors,

and we must be content with reducing them to the least pos-

sible quantities.

Cotes appears to have introduced the use of equations of

condition. In the most simple case of only one element, the

system of equations is as follows, viz.

e = a X — 7n

e' = a' X — 7u'

e" = a"x — ?«"

&c.
Supposing every error equal to zero. Cotes finds the several

values of X, viz. , -, , —^, &c.; and, by applying these cor-

rections, as many determinations of the element are obtained
as there are observations. Now, let all the values thus found
be set off, on the same side, from a given point in a straight

line ; and let the weights a, a', a", &c. be appended to the

extremities of the several parts ; then the distance of the cen-
tre of gravity of all the weights from the given point will,

according to Cotes, be the most advantageous value of the

element. By this process the correction to be added to the
appi'oximate element conies out equal to

m -{- m' -\- m" -\- &c.

a + n' -(- a" -\- &c.
'

We shall obtain the result of Cotes's method more simply
by adding all the equations of condition, and making the sum

of
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of the errors equal to zero; for the vahie of x found in this

manner will coincide with the expression just set down. And
hence we may conclude, that the mode of combining the

equations of condition imagined by Cotes is not the most ad-

vantao-eous. For, as the total sum of the errors is equal to

zero, an error of a given amount in any of the equations has

the same influence on the value of the correction. But it is

very evident that the error e produces a small variation in

the value of x when a is a great number ; and, on the con-

trary, a great variation when the same coeflicient is inconsi-

derable. The procedure of Cotes is therefore just and unex-

ceptionable only when all the coefficients, «, a', a", &c. are

equal, or when all the errors are in like circumstances.

Reflecting on what has just been said, we may, by a slight

alteration in the procedure of Cotes, deduce a better way of

combining the equations, and one which is more advantageous-

than any other. The influence of the error e on the value of

the correction x is less when the coefficient a is greater, and

it increases when the same coefficient is diminished in magni-

tude. This is exactly similar to a lever which is to pioduce

a given effect; for the lever must be shortened when the sus-

pended weight is greater, and lengthened when the same

weight is less. Draw a straight line, and from a given point

in it set off" all the positive errors on one side, and the nega-

tive errors on the other side; then, having suspended the

weights a, a\ a", &c. from the levers e, e', e", &c., make the

levers in equilibrio about the common fulcrum. By this con-

struction the errors will be so determined that the coefficients

a, a', a", &c. will have each its proper influence on the value

of the correction x. The equation of the equilibrium is

ea + e'a' + e"a" + 8ic. = 0; (A)*

and, if we observe that x is the only variable quantity in the

expression of the errors, the same equation may be thus writ-

ten, viz.

e^±+e'^ + ^''-f
+&C. =0,

dx dx dx

which determines the minimum of the function

^ + ^'2 + e"= + &C.

• It is evident that here, as well as in what follows, we speak only of

irreciilar and fortuitous errors that have no constant part. If we suppose

a part common to all the errors, there would not he an eciuii.bruini of the

levers but a preponderance. Let + /denote the constant error; then.

in place of eciuat. (A), we should have this which follows, viz.

« e + a c + «" f" + &c. = 4 (a + «• + «' + <!vc. X /;

and/ would he the distance hetweeu the common fulciuni of all the levers

and the centre of gravity of the weights a, a, a', &c.

I hus
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Thus the condition of the equilibrium of the levers makes
the sum of the squares of the errors a minimum ; and hence
we may infer that the errors themselves are contained within

the least limits on either side of the common fulcrum. If the

errors vary from the minimum, they cannot all decrease ; if

any of them decrease, others must increase; and some of

them at least must be greater than in the case of the minimum.
There appears, therefore, to be sufficient reason for preferring

the minimum of the squares of the errors as the most advan-

tageous solution of a system of equations of condition.

Let us now place the matter in a different light. In any

system of errors of observation, supposing that there is no
constant cause of deviating from the truth, the total sum will

be equal to zero. At least, this will be the case if the obser-

vations be numerous, and if they embrace every possible va-

riety of circumstances. When a cause exists tending either

equally to augment, or equally to diminish, all the observa-

tions, the sum of the errors divided by their number will de-

termine the constant quantity affecting every observation. It

is evident that these considerations are independent of the

magnitude of the errors ; and therefore they can be of no use

in solving a system of equations of condition, where the ob-

ject is to make all the errors fall within the least possible

limits. Let us next consider the sum of the squares of a

system of errors, viz.

e" + ^^ + e"^ + &c.

This sum is augmented by every observation, and it will

therefore increase indefinitely with their number. But as

every error lies between zero and a certain limit, if the sum
of their squares be divided by their number, the quotient, or

the mean of the squares, will also be contained between zero

and a limit; and it will approach more nearly to a determi-

nate value as the observations are more numerous. There-
fore, in a system of observations made in like circumstances,

the mean of the squares of the errors will be a quantity inde-

pendent of their number, varying in its magnitude only as

the errors are more or less considerable, and affording with

some accuracy a measure of the precision of the observations.

In several sets of observations made for the same purpose by
different observers and in different circumstances, that one in

which the mean of the squares of the errors is least must be
considered as possessed of the greatest degree of jirecision,

and would deserve the preference. Now, in solving a system
of" ccjuations of condition in several different ways, the errors

will accjuire different magnitudes, just as happens in several

sets of observations of unequal degrees of precision. We
will,
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will, therefore, fix upon the best mode of solution by the same
rule that we employ for ascertaining the most advantageous
of several sets of observations. That mode of solution is,

therefore, to be preferred, in which the mean of the squares of
the errors is the least. But, in all possible ways of solving a
system of equations of condition, the number of the errors is

constantly the same ; and therefore the mean quantities are
proportional to the total sums. And hence we must conclude,
as we have already found by a different train of reasoning,
that the most advantageous result will be obtained when the
equations ^re combined so as to render the sum of the squares
of the errors a minimum.

It must, however, be allowed that every thing which has
just been said of the sum of the squares of the errors, and of
the mean of the squares, will equally apply to the sums and
the mean quantities of any of their even powers. Thus the
latter demonstration leaves it doubtful whether it is the sum
of the squares of the errors, or the sum of any other of their
even powers, that must be a minimum in order to obtain the
most advantageous result. But it is easy to exclude the other
even powers, and to render the demonstration absolute with
regard to the squares. The equation of the minimum of the
function,

is this,

de ^2n-l d e' ,2^-1 , d e" „2n-\
1^' +Vr' + J7' +&C. = 0,

or,

a^2;i-l + q'^'2«-1 4. a^ e"'2n-t + &c. = 0:

and as this is true in alj relations of a, a', a", &c., it will be
true when all these coefficients are equal; in which case the
equation will become,

e 2/1-1 4. e' "211-1 4. ^'2/1-1 4. gj^c. = 0.

But the supposition of the equality of a, a', a", &c. places all

the errors in like circumstances ; and it is universally admitted
that in a series of observations made in like circumstances,
the simple sum of the errors is equal to zero, and not the siun
of their cubes, or fifth powers, or any other of their odd
powers. By this argument the demonstration is restricted to
the squares of the errors, and the other even powers are ex-
cluded.

The first of the two demonstrations founded on the prin-
ciple suggested by Cotes is clear and simple, and leads ex-
clusively to the method of the least squares. It is probably
the best and most solid demonstration that can be given.

The
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The equation (A) must be considered as a generalization,

drawn from the nature of the equations of condition, of the

rule universally admitted by astronomers, that the sum of the

errors of a numerous set of observations made in hke circum-

stances is equal to zero ; which rule is itself contained in the

equation, being that particular case of it when the coefficients

are all equal. But although the first demonstration be suffi-

cient to establish the proposition, yet the second, as it throws

additional light on the matter, may not be deemed super-

fluous.

It is easy to apply to two or more elements what has been

proved with respect to one. In the case of two elements we
have this system of equations, viz.

ez=.ax + by — VI

e' = a'X + b'y — m'

e"=a"x-\-V<y-m" '

&c.

The corrections x and y being independent of one another,

the errors must be determined so as to give their proper in-

fluence both to the coefficients a, a\ a", &c. and to the co-

efficients b, b', b", &c. The levers e, e', e", &c. must there-

fore be in equilibrio when the weights a, a', a", &c. are sus-

pended ; and again, when these are removed, and the other

weights b, b', b", &c. are substituted for them. These two

slates of equilibrium lead to the equations

ae + a'e + a" e" + &c. =
be + b'e' + b" e" + &c. = 0,

which are sufficient for finding both the unknown quantities

X and y. The same two equations may be otherwise written

thus, viz. ^^ ^^, de" „ .
.' e + -J- e' + -— e' + &c. =
ax ax ax

<ie ,
de' „ ,

de' „ o ^--- e + -r- e" + —- e" + &c. = 0,dy dy dy '

of which the first determines the minimum of the function,

^ + e"' + e" = + &c.

relatively to the variable x\ and the other determines the

same minimum relatively to the variable y. Both the equa-

tions together determine the absolute minimum of the func-

tion relatively to both the variables ; which condition there-

fore contains the full solution of the problem.

In the case of three corrections, viz.

e = a X + b y + c z —m
e' = a' X + b'y + c' z —m'
^" = a!Kx + Wy -f c'z —m"
&c. we
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we liave three sets of weights, viz. a, a, a", &c., and ^, b , b'\

&c., and c, c', c'', &c. ; and the levers e, e, e", &c. must he in

equihbrio when each set separately is suspended from their

extremities. The equations necessary for tliis purpose are
these three, viz.

ae + a' e' -\- a" e" + 8u;. =
be + b'e' + 6"^" + &c. =
ce + c' e' + c"e" + &c. = 0,

which are sufficient for finding the corrections x, y, z. The
same equations may be thus written, viz.

de
,

de' , _ de"
II .-,

-j-e + -r— t-' + -T— e" + &C. =0
ax dx di

-r- ^ + -J— e + -r-^ + &C. =0
dy dy dy

de de , .
de" „, „

-T- e + -— e' + —- e + &c. =0,
d z dz 11 z

and these determine the minima of the sum of the squares of

the errors relatively to the variables x, y, z respectively. The
same three equations determine the absolute minimum of the

function relatively to all the variables ; and therefore, in this

single condition the full solution of the problem is contained.

It is evident that the same mode of reasoning will apply to

the simultaneous correction of any number of elements by
means of a system of equations of condition.

The procedure which we have demonstrated has very pro-

perly been called the method of the least squares, since the

absolute minimum of the sum of the squares of the errors

contains all the conditions necessary for finding the several

corrections. It was first published by M. Legendre in his

treatise on the Orbits of Comets. But some years before the

publication of that work, M. Gauss, of Gcittingen, had like-

wise found out the same process, which he had communicated
to his astronomical friends ; and he was in the habit of apply-

ing it in astronomical researches.

We have here attempted to demonstrate the method of tlie

least squares, from the nature of the equations of condition,

and from the principle that, in the most advantageous solu-

tion, the errors of the equations must be contained within the

least limits. But it has been usual to introduce the doctrine

of probabilities in order to explaiji this theory. A \^\X\q '^i-

tention will show that all such investigations are founded on
arbitrary sii})positioiis. We cannot compute the probability

of any combination of the errors, without first assoming a

general function fur expressing the probability of an error

taken indefinitely. There are many proixjties which such

Vol. fi.'J. No. .'$21. .7«;7. IR2.5.
" B a fiuic-
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a function must possess ; but it is impossible that one can be

found that will accurately represent a probability, of which

we never can acquire a perfect knowledge. Therefore, al-

though the same conclusion be still brought out, yet, as the

reasoning involves precarious suppositions, the fundamental

principles will not be placed in a light so simple and clear

and stead}' as when nothing extraneous is introduced in the

demonstration. It has been proved in the case of a great

number of observations, that the principle of the least squares

will hold good, whatever law of probability be adopted ; and

hence we may derive an argument that such laws are foreign

to the demonstration, since thej' disappear at the conclusion.

If we admit that, whatever be the expression of the chance of

an error, the mean of the squares of the errors will converge

to a fixed limit as the observations inci'ease in number, the

second of the two demonstrations given above will be con-

clusive in all possible laws of probability.

But, allowing that the method of the least squares is fully

established, it is not sufficient for the purposes of astronomy

in its present state of improvement. An element, although

computed in the best way, can only have a degree of accuracy

relative to the precision of the observations. It thus becomes
necessary to estimate the uncertamty in the result obtained, or

to assign the probability that the remaining error amounts to

a tenth, or some given part, of the whole. But the discussion

of the subject in this new view of it would exceed our pre-

sent limits, and must be left to a future occasion.

.lanuarv 8, 182r>. Jamks IvorY.

II. Hints tending to disprove the Existence of distinct Calorific

Rays in the Sunbemn. By Mr. Henry Meikle.

To the Editors of the Philosophical Magazine and Journal.

Gentlemen,

T^HAT great mechanical genius Dr. Hooke seems to have
- been the first who suspected that the sunbeam contains

Tays which illuminate without producing heat. In this opi-

nion he has been followed successively by M. Scheeie, Sir

William Herschel, and Sir Henry Englefield, who are well

known as able experimenters. Among other conclusions, the

two last thought they had established that the sun emits se-

veral distinct sorts of rays, especially illuminating rays, as

already mentioned, which give no heat; and on the other hand
calorific rays which are not accompanied with light. For on
placing a thermometer in the well-known figure called the

spectrum.
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spectrum, this thermometer seemed to be more aftected the

nearer it was placed to the red margin, and less as it ap-
proached the opposite or violet-colouied edge. But the most
remarkable effect of all was, that the thermometer indicated

the greatest heat when placed just without the red margin,
where none of the visible rays reached it at all. They there-

fore inferred that this effect was produced* by a set of dark
calorific rays which are less refrangible than any of the other

rays. On repeating these experiments, M. Berard obtained
similar results, except that he found the maximum of heat in

the red ray.

But notwithstanding the high reputation of these philoso-

phers, their conclusion has been questioned by Professor

Leslie of Edinburgh, who by experimenting somewhat diffe-

rently was unable to detach any of these dark rays from the

light. Having rendered a circular spot opaque in the middle
of a large convex lens, he received the light transmitted by
the remaining transparent ring upon a surface of black wax,
held at such a distance that the light formed upon the wax
an iris, or ring, composed of a set of distinct concentric rings,

which severally possessed all the various colours of the com»:

mon spectrum. Mr. Leslie then carefully observed the effect

of these rings on the wax, and found that none of it was melted
beyond where it was covered by the iris ; whereas if a set of
dark calorific rays had existed, these ought to have more
thoroughly melted a larger ring than that whereon the light

fell ; for the dark rays, if less refrangible than light, would
have fallen without the margin of the red ring, which includes

all the others.

Now, since this experiment of Professor Leslie is of a more
simple and decisive cast than any performed by the gentle-

men already mentioned, I am much inclined to give it the

preference, and to conclude with him that the rays of light

only produce or become heat when they themselves dis-

appear. It is also well known that the more perfectly any
surface reflects light, the less will that surface itself be heated

by the light.

As I do not recollect to have seen any reason given why
Sir William Herschel's mode of experimenting ought to have

apparently produced the effect he observed, without calling

in the aid of dark calorific rays, I shall take the liberty of

briefly suggesting what I suspect to liave been the principal

source of deception. If a prism such as Sir William employed
be heated, a very delicate thermometer will, ctvteris pa>ib?/s,

be more affected when it is held opposite to one of the flat

sides of the prism than when opposite to one of its edges
;

B 2 because
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because heat escapes from glass and many other substances,

when smooth or polished, chiefly in straight lines perpendi-

cular to the surface. Now if we attend to the position of

Sir William Herschel's prism and thermometer *, this will

help to explain why the thermometer indicated heat, even

when none of the illuminating rays reached it at all ; as also

why the heating power of the red rays seemed so much to

surpass that of the other colours, &c.: because the more di-

rect!}' opposite the thermometer was to the flat side of the

prism, the more of its heat would it receive ; and in the course

of such an experiment, there can be little doubt that the prism

became considerably heated by absorbing a portion of the

solar rays.

The circumstance of heat emerging from an even or po-

lished surface chiefly in perpendicular lines will help to ex-

plain various phaenomena. From it we learn that Mr. Leslie's

lens, however hot, could have little or no tendency to melt

the wax; because the heat would emanate from its convex

surface chiefly in a set of diverging straight lines, such as

might be drawn from the centre of the sphere of which the

lens formed a part.

For aught that is known to the contrary, the heating powers

of all the rays in the spectrum may be equal ; because the

seeming difference may be owing to a difference of density,

some of them being probably much dilated or attenuated by
refraction. I am, gentlemen, yours &c.

Dec. 21, 1824. Henuy Meikle.

in. On the Experiments of the Pendulum made hy Captain

Kater, M. Biot, 8fc. By Wm. Galbraith, Esq. A.M.

To the Editors ofthe Philosophical Magazine and Journal.

Gentlemen,

IN my paper published in your Magazine for September

1824', I gave, page 163, a general formula (7) to determine

the ellipticity of the meridian from observations on the length

of the pendulum made in different latitudes. In this formula,

however, it is necessary to substitute quantities which, with

the exception perhaps of the time of rotation, are not yet

sufficiently well determined. The accuracy of these is con-

stantly improving, and in a short time we expect to have the

length of the pendulum oscillating seconds on the equator as-

certained by different observers in several points of that circle

* Diagrams or plates illustrative of this may be seen in so man}' books,

that it wouM be superfluous to infoducc them here.

with



of the Pendulum made by Capt. Kater, M. Biot, 6fc. 13

with great precision. The radius of the equator, though not

perfectly exact, may be depended upon as being known to

within a few hundred feet of the truth. By making use of

those of the best authority we arrived at formula (9), page 164,

_j 20919576 y. ,

or, ^"2^20919576-1-1856062635 3 «* ^'

in which z, the length of the seconds pendulum at the equator,

and y, the excess of the seconds pendulum at the pole above

that at the equator, are the only unknown quantities.

As the equator is accessible in many points, we may shortly

expect to have z well determined ; though it will not be easy,

perhaps impossible, ever to obtain y by actual experiment.

We have used this care in detailing the manner in which

we obtained the general formula, and selected the values of the

quantities employed, that it might be apparent what confi-

dence results derived from it deserved. This was the more ne-

cessary, as we have shown, page 169, that the ellipticity derived

from the measurement of arcs, and that determined from the

observations by the pendulum, were in mean latitudes, as well

as extreme latitudes, though in a less degree, directly opposed

to each other, upon the assumption that the arc of the meri-

dian is a portion of a regular ellipse*.

As we discussed the experiments of Kater, Biot, &c., sepa-

rately in our last communication, we have, in order to throw

some light, if possible, upon this anomaly, here combined

them along with others which we have since obtained, making

as nearly as possible a regular series of them from the equator

towards the north pole, retaining one only, that at Rio Janeiro,

in the southern hemisphere, as being near the equator, and

haviii"- without it, proportionally to the others, rather too few

near that circle.

Pursuing the same method as formerly, we obtain

1. 39-01951— 2— 0-0000884 j/= <?i

2. 39-02339—-—0-0511335^=^.^
3. 39-04115—s-0-1347996j/= .?3

4. 39-04602_2:_0-1517026j/=^4

5. 39-09419—s- 0-39034 17.?/= <?i

6. 39-11319—j;_ 0-49323 70 .?/= «'«

7. 39-11300—c—0-49721 72 j/=6't

8. 39-11809—z-0-5136117i/=^8
9. 39-1 2928 -c-0-5667720.y=<rB

10. 39-13770- = r-0-6045723y= «',o

1 1. 39-13929-2-0-6127966 j/=f,,

' At page IfiO, line 2ij, of my last conitnunictition, between -j.|^ and

iwl, the worils " gur* an cUii'tidli/ " should have been inserted.

12.
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12. 39-1425U-2-0-6246030t/= (?,,,

13. 39- 14-6C0-2r_0 6455596 j/= ^,3

14. 39-15549— 2— 0-6869391 j/=^H
15. 39-16159—;:-0-71420033^= f,j

16. 39-17162— ^— 0-7613587 j/= e,6

17. 39-19840—2— 0-887S916j/= 6'„

18. 39-20700— z— 0-931 1390 j/=c,8

Taking the sums of the respective quantities, and dividing by
their number,

^ := 39.1193006-0-5148869 j/ (2)

Where Kater and Biot observed at the same place, we have

taken tlie mean between then), reduced to the same tempera-

ture, namely 62° of Fahrenheit. The other experiments

combined with them ai'e, from the data of the observers, to-

gether with the known expansion of the brass of which the

pendulum was constructed, corrected in like manner.

Again, 1. 0-0034493— 0-0000884 ;:— 0-0000000 .?/

2. 1-9954025— 0-0511335 s— 0-0026146;y

3. 5-2627314— 0-1347996 z-0-0\Sl1lo'y
4. 5-9233828 — 0-1517026 z— 0-02301 'M

y

5. 15-2600913 — 0-3903417 2-0-1523666V
6. 19-2920719— 0-4932370 z— 0-2432826 3^

7. 19-4476573— 0-4972172 ;:- 0-2472249 jy

8. 20-0915076— 0-51361 17 ~— 0-2637970j/
9. 22-1773831 —0-5667720 2— 0-3212304 j/

10. 23-6615693— 0-6045723 2— 0-3655077 y
. 11. 23-9844238 — 0-6127966 2—0-3755198^5/

12. 24-4485230— 0-6246030 2— 0-3901290
'^

13. 25-2710761 —O-Q'^SBSBG 2— 0-4167473 j/

14. 26-8974396 — 0-6869392 2—0-4718856 3/

15. 27-9692193-0-7142003 2— 0-5100820J/
16. 29-8236502— 0-7613587 2—0-5796676 j/

17. 34-8039301-0-8878916 2— 0-78835153/
18. 36-5071688-0-9311390 2-0-8670202 y

Dividing the respective sums by their number 2= 39-1478290
— 0-6513417j/ (3). Equating'(2) and (3).

3/=0-209068, and 2=39'"-011654 = 3f'-2509712; whence

— = 0-005359.

, 20919576

1856062635 x 3-2509712 +%;-
— --, or

104597880
e -

1 .2109851496
~ 0-005359 = 0-0086374 - 0-005359 =

0-0032784 = rj^. (4)

And / =39-011654 + 0-209068 sin" ^ (5)

Sub-
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Substituting the proper values for sin^ A, we obtain the
length of pendulum by computation to be compared with that
from experiment.

Places. Latitude.

Galapagos
Madras
San Bias

Rio .Janeiro

Fornientera

Figeac

Bordeaux
Clermont
Paris

Dunkirk
London
Arbnry-Hill

Clifton

Leith

Portsoy

L^nst

Hare Isle

Melville Isle

Length of PenduUnnj
by Expe- by (^alcu-

riment.

32
13 4
21 32
22 55
38 39
44 36
44 50
45 46
48 50
51 2
!51 31

!52 12
53 27
55 58

57 40
60 2(>

70 2(i

74 47

19N.
9

24
22S.

56N.
45

26
48
14

10

8

55
45
39
59

I

27
17
12

lation.

A,

01951 39
02339 39
04]]5|39
04602'39
09419'39

113]9i39'

11300
11809
12928

13770
13929 39-

1 425039-
14600;39-

15549 39-

16159 39-

17162 39-

19840 3!)-

20700 39-:

•011672
•022344!

•0;;9836|

•043370;
•093262'

•114774'

115606

119034J
130148
13805l!

139770!
142238'

146620
155271
160970
170830
197284!

2063251

-0-007838,?,
-0-001046^2
-0-001314^3
- 0-002650 c,

-0-000928^5
' + 0-001584^6

+ 0-002606 (?T

-1-0-000944 eg

+ 0-000868 e

3

+ 0-000351 e\o

+ 0-000480 e-„

- 0-000262 e,o

+ 0-000620^1
-0-000219 eHJ
- 0-000620 eii

-0-000790 e,J
-0-001116e,-
- 0-000675 e J

+ 0-006792
- 0-000268
-0-001336
+ 0-001722

+ 0-002512

+ 0-001022
-0-001662
-0-000076
-0-000317
+ 0-000129
0-000742

+ 0-000882
-0000839
-0-000401
-0-0001701
!- 0-000326 i

+ 0-000441
i

The numbers in column A , are the differences between the
results from experiment and calculation by the formula, the
sign — shoAving that the calculated lengths are less than those
by experiment, and + that they are greater. The mmibers
in column Aj are obtained by subtracting those in A suc-
cessively from each other, retaining the algebraic sians.
On duly considering the (juantities in A,, it appears that

the first five aie negative ; the next eight, with the exception
of that at Arbury-Hill, arc positive; and again, the last five
are negative.

With the regularity of these signs I was forcibly struck
;

and after a little reflection sti'ongly sivspected that it was
owing to some peculiarity in the form of the earth, more
especially as these api)arently show some connexion with
what I formerly observed with regard to the ellipticity derived
from the measurement of arcs in the corresponding latitudes.— If the figure of the earth is not that of a regular ellipsoid,
what modification must it receive in order to satisfy these
conditions ?

It is evident, .since tlic length of the pendulum by experi-
ment exceeds that derived from comjjutalion on the elliptical
hypolhcsis at CJalajiagos, Madras, San Bias, Hio Janeiro,
and r'ormentera, that the gravitating force is greater at these

places
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places than theory supposes. On the same principles it is

less trom Figeac to Clifton ; and again, greater from Leith

to INIelviile Island. The irregularity of the densities of the

materials constituting the crust of the globe, combined with

the small errors of observation, produce a considerable num-
ber of discrepancies, as may be remarked from consulting

column A ,: but these appear to be insufficient to account for

such marked and regular differences, especially when regard

is had to their signs, as are shown in column A,.
If it is not demonstrated by these observations, it is at least

rendered extremely probable, that the form of the earth differs

somewhat considerably from a regular spheroid.

Since from the measurement of arcs near the equator, com-
pared with others in considerably high northern latitudes, the

ellipticity is in general about — , while that derived from the

same kind of measures at mean latitudes near the parallel of

45° N. is about -—, nearly double of the former,—it is only

necessary to give the arc of the meridian at 45° N. a greater

curvature than the elliptical hypothesis supposes, to satisfy

these conditions.

Again : since the length of the pendulum is shorter at 45°

N. than theory requires ; if a protuberance or swelling out of

the earth be supposed to occur there, so as to place the ex-

perimental pendidum at a greater distance from the centre of

the earth, thereby rendering the gravitating force less, while

the equatorial and polar regions contract a little ; then the

theory would not disagree with the observed phasnomena.

Thus, in the marginal figure, let PE/^Q
he a meridian of the earth formed by

a section passing through its centre, in

which P/» is the polar axis, EQ the equa-

torial diameter ; then suppose a zone or

belt passing round the globe parallel to

the equator, and nearly bisected by tlie

parallel of 45°, and of which zone, diminishing hi thickness

towards its boundaries, b a, c d, 8:c. are sections or opposite

meridians, the exterior curve P 6 6' E^jQ would be the form of

the meridian, to satisfy these conditions ; while the interior

curve is the regular ellipse.

This conclusion must be looked upon merely as a very pro-

bable hypothesis, till by the accumulatioji of more numerous
observations it may be either completely verified or set aside.

It is useful in the mean time to endeavour to connect ob-

servations, and reconcile these anomalies by the most pro-

bable



q/' the Pendulum made by Capt. Kater, M. Biot, S)C. 17

bable hypothesis that observation and experiment will war-
rant. In such circumstances, however, we cannot with pro-
priety attempt to ascertain accurately on mathematical prin-
ciples the exact form of the meridian, or whether they are all

similar to one another:—this, depending on a great variety
of very nice observations, must be the work of time. I can
only add that the subject will not be lost sight of ; and as ma-
terials increase, efforts shall be repeatedly made to arrive at

the truth.

As the method of ascertaining the length of the pendulum
proposed by Capt. Kater is now, from its simplicity and ac-
curacy, much used, it appeared to me that a hvi formulae, of
easy application to the necessary reductions, would not be un-
acceptable.

On the small Corrections ofPejidulums, on account of the tnmide
Variations they may he supposed to undergo from Change of
Temjyerature, Latitude, Sfc.

If N= 86400 be the number of oscillations of the pendu-
lum L in a mean solar day ; and n, not differing much from
N, the number of oscillations of a given pendulum /, nearly
equal in length to L ; we can easily find approximations to
these quantities for small differences'

From the common treatises on mechanics we have the

time t — —, consequently - = ^/ - , and / = -^^. Now" " n L, n-
suppose the pendulum L to be mcreased by the small quan-
tity A L to find A N, the number of seconds N will be di-
minished, or those the pendulum will lose in a day.

In this case let L + A L = ^^^^, = L+ ^^ nearl}',

henceAL=-^=-^^ (1)

and AN =-^ = 1-^ (2)

It may be observed, that the same formulae can be applied
when N is increased, and consecjuently L diminished.

Again : let 8L be the variation of L for one degree of the
thermonu'tcr to compute the change of L or N, then on this
account A L= «g A L x L (3)

and A -N = -J-^—
- = ^ = i N?i6L (4-)

n here being the number of degrees of difference of tempe-
rature.

*

Acc()rding to the mean of a number ofexperiments upon va-
rious kinds of brass, its lineal variation from the freezing to the

Vol ry5. No. :i2]. Jan. ]Horu C 'boiling
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boiling point is = 0*0018709 part of itself. This gives for every

degree of Fahrenheit^~^ =0-0000104 part of itself, or

0*00001 nearly the value of 8L, which agrees sufficiently well

with Capt. Kater's experiments.

Substituting this in formula (3) it becomes A L =
-^q^qJ^^) ;

or, in words, shift the decimal point in the length L five

places to the left, and multiply by the number of degrees of

chance of temperature, the result will be the expansion at the

rate we have mentioned ; otherwise the actual variation by

experiment from formula (3) must be employed. If the

value of aL formula (5) be subtracted in formula (4-), we get

^N=-^^ (6)^ 100000 ^ '

Or shift the decimal point in \N five places to the left ; this

result, multiplied by the number of degrees of change of tem-

perature, will give the correction required.

If N do not differ much from 86400, formula (6) would be-

come AN = 0*432« (7)

And this may be considered as sufficiently accurate, unless n,

the number of degrees of change of temperature, be consider-

able, or N differ above 100 seconds from 86400, the expan-

sion for each degree of Fahrenheit's thermometer remaining

the same.

To exemplify these, let us suppose w= 6° Fahrenheit; then

by formula (7) AN = 0*432 x 6 = 2=*592, the retardation or

acceleration in a day for that expansion in a brass pendulum.

At 62° Fahrenheit, Capt. Kater found the pendulum sent out

with Capt. Hall made 86235*98 oscillations in a day : it there-

fore, from an expansion answering to 6° of Fahrenheit's ther-

mometer, would be retarded 2'*592, and 86235°*98 — 2°*59=
86233^*39, the number it would actually perform in the same

place at a temperature of 68°.

Now, by our ordinary treatises on mechanics l:V::n": w"
we have, since Capt. Hall found the same pendulum made
86101*34 oscillations in a day at the Galapagos (86233*39)*:

(86101*34)-:: 39'"*13929: 39'"*019514, the length of the pen-

dulum oscillating seconds at the Galapagos at 62° of Fahren-

heit, that at London being 39'"*13929. This operation, how-
ever, is tedious.

The formula will give an approximation to this for AN=
86233*39— 86 101 -34= 1 32*05. Hence from formula ( 1 ) A L=
L X AN _ 3913929x132-05 _ _ ^.n, qs7
"In"- 43116-7 - uiiy»^

Hence 39*13929 — 0*11987 = 39*01942, which differs from
the
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the former only O'^'OOOOQi, or about rr—-„
part of an inch.

These approximating rules, when AN is great, cannot be em-
ployed where extreme accuracy is required. They will be
sufficiently correct when aN is small, as in the case of deter-

mining the length of the pendulum at various points on an
arc of the meridian not differing above a degree or so from
each other. If, however, the mean of the numbers of oscilla-

tions at the two places be used, the results would in general

be more correct; and formulae (1) and (4) may always be em-
ployed when the difference of the numbers of oscillations at

the two places does not exceed 30 or 40.

To render the results accurate in all probable cases when
the formulae are used, we have computed the following Table
of corrections for various differences in the number of oscil-

lations.
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Variation of

Oscillations in

24 hours.

Correction T. Differences, i
Correction II.

•0000.5525,0-

•00006322 0"

•0000752-t 0'

•00008830 0'

•000 102 HO'
•00011756 0'

00013376|0
•00015100^0
•00016928

•00018S6liO
•00020898
•000230 10 1

•00025286 1

00027637[o
00030092:0
00032652|o
00035316
00038085
00040958
00043936,0
0004-70190
00050206 1

•00053498|0

00056894
C0060395;0

000010970
00001202
.';0001306 0•

0000141l|0•
•00001515 0'

•00001620 0'

•00001724 0'

•000018280
000019330
•00002037
•000021 42 jO

•000022460
•00002351 10

•00002455

•00002560;0
•00002664 jo

1-00002769,0

00002873
00002978 !o

00003083 ;0

00003187
00003292
•00003396,0

00003501
-00003605

00064000'0-00003710
00067710,0-00003814

•00003918-000715240
•000754420
-00079464
-00083590

00004022
00004126

•00000013
•00000015

00000018
•00000021

•00000025

•00000029
•00000033

•00000038
•00000043
•00000048
•00000053
•00000058
•00000064
00000070
00000077
00000084
00000090
•00000098

•00000105
•00000113

•00000121
00000129
00000138
00000147
•00000156
•00000165

00000175
00000184
•00000194

•00000204
•00000215

In this table, column first contains the difference of the

number of oscillations made by the experimental pendulum at

two different places;—column second contains the correction

of the formula, or its deviation from the result deduced from

the method of obtaining the length of the pendidum by the

squares of the number of oscillations when the length at the

first place of observation is 39 inches ; and is always to be

subtracted;—column third contains the differences to obtain

proportional jiarts readily ;—and column fourth contains the

correction
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correction to be applied for a variation in the lenofth of the
penduhim of one-tenth of an inch, or when it is increased from
39 to 39*1 inches; and is always to be added. By means of
these it is hoped the length of the pendulum can with suffi-

cient accuracy be more easily obtained than by using the la-

borious process of the squares of the numbers of oscillations,

as may be seen by the following examples.
Capt. Kater found that his experimental pendulum at

London, in latitude 51° 31' 8" N., alter the proper reductions
made 86061*52 oscillations in a mean solar day at 62° Fah-
renheit ; while at Unst, in latitude 60° 45' 28" N., the same
pendulum, at the same temperature, made 86096*90 oscillations.

Required, the length of the seconds pendulum at Unst, that at
London being 3913929 inches?

Number of oscillations at Unst . . . 86096*90
at London . . 86061-52

Difference more 35^38~

Hence the seconds pendulum must be longer at Unst, and
the general correction must be added.

Now by formula ( 1 ) A L = -7^- , which by substituting

the proper quantities stated above becomes

,
39-13929 X 35-38

+ —435i8i5—
= +0-03216697

Correction from table, col. 2, for 30°'- —470
Prop, part for 5°'-38, col. 3, . . . —197
Equation for 2d difference, foot oftable, + 13

Correction for +0-13929, col. 4, — 2

Amount —656 QSQ
Total correction to be added . . . . + 0-03216041
Length of seconds pendulum at London . 39-13929

Length of the pendulum at Unst .... 39-17145
differing only one unit in the fifth decimal place from the de-
termination of Capt. Kater.

In the application of the corrections of the formula, the

equation of second difference and that from column 4 are ap-
plied as they ought to be to the first part of the correction

from column 2, with contrary signs. Indeed, it is unnecessary
to carry them further than about five or six places of decimals,

being more than even the best observations can warrant, as may
be readily seen by comparing those of Kater and Biot at the
same place; as for example, at Leith or Unst. In fact, with-

out the small corrections, the formula in this case would have
given Kater's determination exactly.

Again: Capt. Hall found that an experimental pendulum,
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making 86235"98 oscillations in a mean solar day at London,

at the temperature of 62° Fahrenheit, made SGlOrS^ oscilla-

tions at the Galapagos Isles, at the temperature of 68° Fah-

renheit.

Number of oscillations at London 86235"98

Correction for 68°, or 6° more than 62°

= •4312x6° formula (6) — 2-59

Number of oscillations at 68° 86333-39

Number at Galapagos at 68° 86101-34

Difference less 132-05

Hence the seconds pendulum must be shorter than that at

London.
"Whence by formula (1), as before,

, .y 3913929 X 132-05 r^.nnccoTnwe have AL= r^-rrr^ = — 0'11986870
43110-7

Correction from table, col. 2, for 130°*- —8830
Prop, part for 2-05°^', col. 3, . . . — 289
Equation, second difference . . . + 8

Correction, col. 4, — 5

Amount —9106 9 106

Total correction — 0-11977764

Length of pendulum at London . . . . 39-13929

Length at Galapagos 39-01951

At the temperature of 62°, or that at which the length of the

pendulum at London =39-13929 was obtained; and so on in

similar cases.

Appendix.

The French mathematicians generally give the length of

the pendulum according to their new system of weights and
measures. In this case the day is supposed to be divided into

100,000 seconds, instead of the 86,400 seconds according to

old custom.

Now, since the lengths of pendulums are inversely as the

squares of the number of oscillations in the same time ; and
the length of the standard metre at the freezing point, com-
pared with Sir George Shuckburgh's standard scale at 62°

Fahrenheit, is, according to the accurate determination of
Capt. Kater, 39-37079 inches ; we can convert the French
measures readily into ours by the following formula

:

L= (^^y X I X 39-37079 = 52-74079/ (8)

of Sir George Shuckburgh's scale; or

L= 52-740564/ (9)
of Bird's parliamentary standard of 1758, which is equal to

36-00016
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36*00016 inches of Sir George Shuckburgh's scale, in which
Capt. Kater's measures were originally taken.

In these L is the length of the sexagesimal pendulum, and
I that of the decimal metrical pendulum.

These have been added to this paper for the convenience of
comparing the British and French measures.

I am, gentlemen, yours &c.

Edinburgh, Nov. 11, 1824. WiLLlAM Galbraith.

IV. Ott the Annual and Secular Changes in the Solar System,

By A Correspondent.

To the Editors ofthePhilosophical Magazine and Journal.

Gentlemen,

nPHE inclosed paper is offered for the purpose of pro-
-• moting inquiry on a point materially affecting the accu-
racy of the solar tables : if it appear to you worthy the atten-
tion of your readers, you will oblige the author by inserting
it in your valuable Journal.

I am, gentlemen, yours &c.

C.

Having remarked that a secular diminution of 42"-67 an-
swered better than any other I had tried for the secular

change of the obliquity of the ecliptic, I was induced to

examine whether the masses of Venus and Mars, altered to

suit it, would represent with any degree of accuracy the an-
nual and secular changes in the other phaenomena of the solar

system proceeding from the action of the planets. I accord-
ingly collected all the observations of the nodes and aphelia

of the several planets' orbits I could procui'e, and from their

comparison estimated as nearly as I could the annual change
in each. 1 then calculated, upon Laplace's hypothesis of the
masses of the planets, their respective perturbations from the

formulae in Woodhouse's Astronomy, and then changed those

of Venus and Mars to suit my hypothesis of the change in

the oblicjuity; and the close coincidence of the results with

observation have determined me to lay them before the

readers of your valuable Journal,

The following are the principal of the observations which
I procured, many of them having been rejected for giving re-

sults differing much from the mean ; but upon the whole I

cannot say that I place too much reliance on any of them; so

that when my calculations give a number within the two ex-

tremes
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tremes of those deduced from observation, I rest perfectly

satisfied. The observations are,

Fo7- Mei-curi/s Node.

1.
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The motion of Jupiter's aplielion and Saturn's, since they

arise almost entirely from the action of each other, and as

their masses are best determined from their nuitual periodical

inequalities, it is almost useless to examine the motions of
their aphelia from observation : the motion of their nodes,

however, depends in a great measure on Venus and Mars; we
shall therefore examine tliem.

For Jupiter there is still some uncertainty ; however, De-
lambre makes it about So'l, with a possible error of 2 or 3

seconds. Lalande employs this motion in his Tables. For
Saturn, Delambre makes the motion 33"'.'35: Lalande, 3l""7.

The mean of these, since they agree so nearly, cannot be far

from the truth ; we shall therefore suppose it 32"-52. We
have therefore the following number

:

Mercurv. Venus. Earth. Mars. Jupiter. Saturn.

Node... 4-2"-73 3l"-52 30"-13 35"-7 32 '-52

Aphelion 5&' 61 "-908 63 "-OO

Laplace's values for the masses, which I first assumed as a

means of examining the above numbers, are as follows :

Mercury ojjjjipjn Jupiter

Venus 55cVo7 Saturn

Earth TTaTTTT Georgian

These are all extracted from Laplace, with the exception of
that of the Earth, which he has estimated too largel}-, by as-

suming the parallax 8"-81 instead of 8"-56, which his own
lunar theory and the calculations of Short from the last trans-

it point out. I however, for various reasons, have assumed
it 8"-7. Laplace says. Mercury's, Venus's and Mars's masses
were first determined from their densities upon Lagrange's
hypothesis' of their being inversely proportional to their di-

stance from the sun, and then corrected from observation. He
therefore diminishes Mars's mass so found, in the ratio of -725

to unity from Delambre's observations of its effect on the pe-
riodical inequalities of the Earth's motion. And from similar

observations he increases Venus's mass determined from a se-

cular diminution of the obliquity of 50', in the ratio of l-074'3

to unity. And finally, Saturn's was first setded at ^-i^ -^, as

an elongation of 2' 57" of the fourth satellite required; and
then the ine(|ualities in the motion of Jupiter upon this sup-
))osition, compared with fifty oppositions, showed that it must
be diminished by j^VTii' "hicli reduced it to j^-^VoiT' ^^®
above value.

With these values we have the following secular motions of
the planets' orbits

:

\ ol. ri5. No. 321. J<ni. 1S25. 1) Sidriral

_ i _

35'o'iO'S
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Sidereal Motion of the Perihelia.

B.v the

Action of"
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Now tliis annua! diminution of Laplace's, and which De-
lambre uses in his Tables of the Sun, is considerably too great,

and will not at all agree with modern observations. 1 have
in the following table compared the observed obliquity with
that deduced from it, and also with that from an annual di-

minution of -42667, the number which I think answers better

than any other I have tried,

Ulubeg 1437 23 30 27 23 31 'frO+ SiVo 23 30 3i-9-f-4'9
Tyehd 1587 23 29 30 23 29 47-9+ 17-9 23 29 27-9— 2-1

Cassini 1672 23 28 54 23 29 3-6+ 9-6 23 28 51-6-2-4
Richers 1672 23 28 51-5 23 29 3-6+12-6 23 28 51-a+O-l
Condamine ... 1736 23 28 24 23 28 30-34- 6-3 23 28 24-4+ 0-4

Bradley^Miyer \

^^^^ ~^ ^^ ^'^'^ ^^ ~^ -^^+ ^'^ ^'^ -^ 18-3+0-0

Brinklev ...... 1755 23 28 15-5 23 28 204+ 49 23 28 16-2+0-7
Maskelyne 1709 23 28 100 23 28 13-1+ 3-1 23 28 10-2+0-2
Philoso. Trans* 1772 23 28 8-7 23 28 11-6+ 2-9 23 28 8-9+0-2
Lalande 1786 23 28 00 23 28 43+ 43 23 28 3-0+3-0
Cassini 1788 23 27 58-6 23 28 3-2+ 46 23 28 21 + 3-5

Delambre, &c. 1800 23 27 57-0 23 27 570+ GO 23 27 57-0—0-0

Sievjigo^^^^ -^ ^^ ^^'^ "^ ^^ ^^-- ^^ ^'3 27 51-4+0-9

Thus we see that 230 years ago Laplace's formula errs 39",

while the greatest error arising from the assumption of "'42667

is only 4"*9
; we may therefore consider it nearly correct. The

progression of the perihelion of the Earth's orbit came out, as

we have seen above, 10"*723; butDelambre from the compari-
son of a great number of observations makes it 1 1""808 : I

have therefore assumed 42"'667 and ll"'808 to be the exact
values for the changes in the obliquity and in the longitude
of the perihelion, and afterwards calculated the multipliers of
Venus's and Mars's masses upon two suppositions ; the one
that Mercury's mass is what Laplace supposes it, and the
other that it is equal to nothing ; and then examined which
result agreed with observation.

If we take Mercury's mass what Laplace supposes it, we
have the two following equations, to determine the multipliers

for Venus's and Mars's mass (that is the true mass of Venus

yjBV?2-^» and Mars g^^^^-j/: then)

3022^+1121 v/= 5228
3336 jr + 75-68 j/= 2473

whence x= -676905 and j/= 2-8389. But if we suppose Mer-
cury's mass =0, then the expressions become

30220-+ 1121 y= 4813
3336 x + 75-68.y= 2559

whence x=-71331 and j/= 2-371. (>n these two suj)positions

the following tables have been constructed.

* Sec Philobopliiciil TransactitMis, 177'5, |*i»§« 93.

I) 2 Motion
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Motion of the Periheha.

Lv/ Supposition.

By the ,,

Action of ^
'curj.

Mercury
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'2d Supposition.
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Action of
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V. Ansiver to Mr. J. Lindley's Letter on the Subject of Fege-

table Phyaiolo^iij*. Bij Sir Jas. Edw. Smith, F.B.S. S^c.

President of the LinucEan Society.

To the Editors of' the Philosophical Magazine cmd Journal.

Gentlemen,

T CANNOT but respect that independance of character
* which Mr. J, Lindley avows, in refusing to sacrifice the

interests of science to the personal pretensions of any one.

I trust that no such sacrifice has ever been looked for on my
part ; nor should I honour the man who would offer it. But
I do not see how the interests of science are concerned in this

gentleman's charge of inaccuracy in my statements.

My pretensions are simply these—that the theory of vege-

tation, first ]5ubHslied in my Introduction to Botany in 1807,

is original. Dr. Darwin's experiments and observations first

led me to an acquaintance with the true sap-vessels, or

arterial and venous system, of Plants, previously taken for

their air-vessels and lungs ; and Mr. Knight's more extensive

and luminous remai'ks, independent of Dr. Darwin's, but

essentially confirming them, led me to reconsider the subject

of vegetable physiology. With the theory of Du Humel, to

which neither of those writers, nor even Mr. Lindley, adverts,

though the only one previously extant, I had always been dis-

satisfied ; and while the real sap-vessels remained unknown,
the great chemical discoveries of Priestley and others, re-

specting the effects of air and light upon the vegetable body,

could not be properly understood. But when all these in-

quiries and their results were brought together under one

view, and the vital principle of my great teacher, Mr. John
Hunter, was taken into consideration, it was not difficult to

derive from the whole a sufliciently plain and consistent theory

of vegetable growth, respiration, secretion, &c. To this Theory
I lay claim as original, with the illustration of all the particu-

lars concerning the leaves, flowers and fruit, as far as they are

dependent upon it, and which had never before been ex-

plained, such as the fall of the leaf, but more especially the
" flowing of the sap," as it is called, which had occupied so

much of the attention of every previous inquirer, without

being understood by any one. Whatever obligation I may
avow, as I do, to the facts and experiments of others, the

theory built upon them is my own, and competent judges
have never denied me the credit of it. I am obliged to be
thus decisive, because Mr. Lindley has, in a very unworthy
iTiauner, attempted to represent me as giving up my own right.

If
* Phil. Mag. vol. Ixiv. p. loH.
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If he believed I had no such right, he ought to have given the
honour wliere he supposed it to be due. To publisli the opi-

nions of M. du Petit-Thouars us entirely novel in this country,

betrays what I should hope is merely an unaccjuaintance

with this branch of science and literature. I am flattered to find

these opinions so powerfully confirm mine. But whether or
not this truly eminent philosojjher agrees with me in every
detail, or whether, as it appears, he has carried his inquiries

further, and made more vei'y interesting remarks, than I pro-
fess to have done, especially concerning Buds, I hope I may
be excused for attending to other things. Practical Botany is

my pursuit, and Nature my book. I have known in my time
the " celebrated philosophers " of France, and their '' violent

opposition " to one another. How they " cover themselves
with glory," and how Englishmen, who have little credit at

home, cover themselves likewise with what they can borrow.
Mr. Lindley's character and abilities are above all this, and
I hope he thinks as well of mine. If I have differed from him
about Reseda and Mespilus, in my English Flora, I surely have
not mentioned him in a way to give offence, and should be
very sorry if he has taken any. I have found it necessary for
" the interests of science " to differ likewise from M. Richard,
a truly eminent botanical philosopher, though a great cor-
ruptor of our terminology, as his translator is aware. Some
of these differences I have mentioned, with all due respect, in

a new edition of my Introduction, now in the press, and they
have no connexion with the matters in dispute between me
and Mr. Lindley. Though I saw his translation while printing,

I either did not see, oi" till lately did not advert to, his pre-
face, the first paragraph of which is as follows

:

" Among the number of elementary works which have
issued from the English press within a few years, it is to be
lamented that not one should have appeared, vvliich is at all

ecjual to ex})lain one of the most important parts of botany,
the structure of fruits and seeds." Mr. Lindley thus further en-
forces this assertion in his letter in your last Number, p. 4.57

:

" 1 said that with reference to the subject of the work in

(|uestion, that is, of fruits and seeds, nothing had been done
in tiie form of an elementary iaork\ For liie truth of such a
statement, I appeal to the world."

Having, to the best of my abilities, furnishcil the English
student of botany with all the inl'ormation on the above sub-
ject re(|uisite for practical use, always preferring, as in all my
botanical characters, what is apparent and clear, to wJiat,

though seeming learned, is most obsc ure, diflicult and uncer-
tain, I cannot but feci the above as a personal and uuiiierited

iittack.
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attack. I should however have left it, as I now do, to the

decision of every reader. But the sequel of Mr. Lindley's

preface does so much injustice to all who have pursued botany

in this country, and so absurdly contrasts the Natural Orders

of Jussieu (chiefly indeed those of Linnaeus) with the artifi-

cial system of Linnajus, things which no experienced or learned

botanist could ever put in comjietition, that I could not but

be struck with the injustice of the representation altogether.

On this subject I also " appeal to the world," and having done

so, I shall return to my own occupations. Having been the

first to make known to my countrymen, in two different works,

the transcendent merits of my illustrious and constant friend

M. De Jussieu, I cannot be reproached witli insensibility to

liis wordi, and I am sure he would be one of the last to charge

me with it.

Hoping, gendemen, that I shall have no further occasion

to trouble you on any controversial subjects,

I remain, your constant reader,

Norwich, Jan. 18, 1825. J. E. Smith.

VI. A Letter in reply to the Historical Sketch of the Problem

of Atmospherical Refraction in the last Number of the Journal

of Science. By J. Ivory, Esq. M.A. F.R.S.

To the Editors ofthe Philosophical Magazifie and Journal.

Gentlemen,

T ADDRESS you to request you will insert in your next
-*• publication the following observations, occasioned by an
liistorical sketch of the problem of Atmospherical Refraction

that appeared in the last Number of the Journal of Science

edited at the Royal Institution.

1. It is said, p. 375, that the exponent | whicli I have
chosen in my solution of the problem, is derived from obser-

vations on mountains at small heights. This is incorrect. In

the average I have adopted, all the greatest known heights are

taken into account, not excepting Gay-Lussac's ascent. The
result obtained is then compared to the same ascent, which is

the greatest height hitherto attained by man ; and the dif-

ference is shown to be very inconsiderable.

Great stress is laid upon the extreme accuracy of the French
Horizontal Refraction. Laplace has adopted this quantity as a

mean of the results of astronomers, although he allows that

the quantity of this element has been very imperfectly ascer-

tained. If we turn to the Tables Astronomiqucs, 1806, we shall

find the horizontal refractions adopted by six eminent astro-

nomers :
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nomers ; the greatest being that of Laplace 2026", and the

least that of Mayer 1885"; and M. Bessel now makes the

same quantity amount to nioie than 2160" by direct observa-

tion. Therefore all arguments must lose their force, which
suppose that no variation can take place in an element so im-
perfectly known.

But it would be futile to scrutinize minutely the observa-

tions of an author whose chief solicitude is to say every thing

that will at all make for his purpose. He glides along, heap-
ing assertion upon assertion, without much minding the firm-

ness of the ground on which he treads *.

2. In p. 376, I am charged with a mistake and a paradox.

The reason assigned is a very extraordinary one. The mis-

take is said to arise from correcting the expression of the

pressure so as to be = 1 at the surface of the earth, a proce«

dure, it is thought, which is not necessary. Now it is clear

that the pressure and density, denoted by the symbols y and z,

do not mean the absolute, but the relative quantities; that is,

the proportions of the pressure and density at any height in

the atmosphere to the like quantities at the earth's surface.

Therefore, in ascending froni the earth, we necessarily have
initially j/ = 1, ;: = 1.

In the hypothesis of Kramp and Bessel, the rigorous quan-

tities are L/ '

'^.i-,
tj =. r <^

^'' '

but the expression of the density is made more simple ; and
the quantities used in calculation are as follows :

// = r c.

-,_ .

-"-^>
.

the function for heat being c"''". In order to show how
nearly one density is numerically equivalent to the other,

M. Bessel gives a table of the values of both computed for

the same values of s, extending the calculation to a great

height in the atmosphere.

* It is saiil, p. ^IH, that I had discovered that the I'Vench Tables were
computed for the (Vecziiij; temperature. 1 made no iliscovery. The con-
struction of the tables is very fully explained by Delambre in the TnbUx
Aslronomif/iu'ii, \Hi)(j. 'Hie whole of tlie passage relating to the corrections,

p. 37H, is very strange.

Vol.flr,. '\n. f{2l. ,/>7?/. IWLT). K \ow
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Now in all this it is presumed that the substituting of one
density tor the other will produce no material alteration in

the atmosphere in other respects ; not reflecting that a change
in the expression of the density, although numerically insensi-

ble, by varying both the pressure and the function for heat,
may entirely aker the nature of an atmosphere, as happens in

the present instance. When the density is c ~'>^~'^^*", the

rigorous expressions of the pressure and the function for heat
are respectively,

\-e ~ \—e

1 ec ^ '

l—e ~ 1-e '

by which it is proved that the properties of the new atmo-
sphere are entirely different from those of the one originally

assumed.
Thus there is neither mistake nor paradox in my paper,

although there is some inconsistency in the calculations of
Kramp and Bessel.

3. It is said, p. 377, that my table of refractions has been
examined in a former Number of the Journal. Now here the
word examine must be understood in a sense different from its

usual import in the English language, 'i he author selects a
set of observations by Mr. Groombrids;e; he then alters his

table m various respects so as to reduce the errors of the ob-
servations to the least possible quantities, that is, so that the

errors with opposite signs may be equal in amount. Having
made the most of his table, he compares his manufactured re-

sults with the errors of the same observations computed simply
by my table ; and in this manner he makes out that one table

has little to boast of over the other. But, since they cannot
be compared when put on a par, every candid examiner, fol-

lowing the rules of an unsophisticated logic, must conclude
that there is no comparison between them. What he is pleased
to call an examination, is an attempt, perfas ct nefas, to raise

up his table to the same level with mine.
4. I must now advert to a more disagreeable point. What

Dr. Young calls his latest solution of the problem, published
in the Philosophical Tranactions 1824, and another particular
solution mentioned at the end of the XlVth Number of the As-
tronomical Collections in the .Journal of Science, are both taken
from my paper. First, it is certain that the solutions in

question are particular cases of my general formulae, when
a certain
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a certain value is given to the indefinite index. Secondly,

Dr. Young was aware that the two solutions were a part of

my theory when he published them. For my paper was be-

fore the author in manuscript when he wrote the XlVth Num-

ber of the Astronomical Collections ; and when he speaks of

the equation 3/ = s ^ the words imply that he had compared

it with other particular cases of my general formulae, havmg

different exponents. The other formula, 3/ = f z 2 - ^z% he

never mentions without noticing that it belongs to a class ot

atmospheres which I had excluded; excluded, however, for

no other reason than that they did not seem to approach so

near nature as another class. Thirdly, Dr. Young has found

out no physical property of the two atmospheres he has

chosen which is not expressly developed in my paper. He

lays, indeed, great stress on the mathematical property, which

they possess, of exhibiting the refraction in a finite form.

But, besides that this consideration is really of no moment

and can weigh nothing in the balance against the least physi-

cal advantage, it is no discovery ; for the two assumptions of

Dr. Youno- are immediately deduced from my general for-

mulae, bv"choosing the particular value of the index that will

make the radical in the expression of the refraction a qua-

dratic trinomial. Fourthly, Dr. Young has nowhere inves-

tif^ated either of the two assumptions. It is easy to take the

expressions when they are found out, and, by substituting

them in the formula for the refraction, to show that the re-

sults are integrable; which is all that Dr. Young has done.

But the question is how he came by them. Mere conjecture

can hardly be supposed to lead to such particular formulae.

There must have been some train of thought which enabled

him to choose two individual expressions in an infinite variety.

But on this point we have no information. And we are as

little informed on what grounds he asserts that the equation,

y _ 3 zl _ 1 s'^, belongs to an atmosphere which perfectly

i-epre^sents the true decrement of heat at the earth's surihce.

Tliere is no proof of this in his paper in the Philosophical

Transactions 1824, and he has nowhere else treated of the

same formula. But every thing that I have mentioned he

might find in my paper, which was in his hands, and to which

he had paid some attention.
,„«, r

5 In the Philosophical Magazine lor September 1821, 1

made some observations on Dr. Young's method lor the re-

fractions ; and I shall now in(iuire whether, after so mucli dis-

1^ 2 tussion,
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cussion, what I then advanced requires to be qualified in any

respect. Precision requires that we consider separately the

infinite series, after the manner of Brook Taylor, and the

finite formula which expresses the density by the four first

powers of the refraction.

I made no observation on the infinite series, except that it

does not converge ; and I proved the want of convergency in

a particular instance. This brought upon me a torrent of

vehement writing not confined within the limits of bienseance.

Since that time, mathematicians, whom Dr. Young dares not

treat with so little ceremony, have come to the same conclu-

sion. There is now so great a relaxation in asserting the

convergency, that it is not necessary to add any thing more on

this head.

In the Historical Sketch the finite formula of four terms is

called an approximatory method. I cannot find any good rea-

son why this name is given to it. As the coefficients are in

some respects arbitrary, it certainly cannot approximate to

any one determinate thing. But it may be thought to have a

pre-eminent title to the appellation, because it will approxi-

mate to every thing. I called it empirical. This again ex-

posed me to much violent writing, at the same time that the

author, with an inconsistency not unusual to him, allowed that

it was partly empirical. He now says that the coefficients are

to be empirically modified. We are therefore likewise agreed

on this head. I shall drop my offensive epithet, and use the

phraseology of the author, which will equally serve my pur-

pose.

The only explanation of the table of refractions in the

Nautical Almanack that has ever been laid before the public,

is the formula for calculation with its coefficients assigned in

numbers. But in order to render this satisfactory, the author

should at the same time have disclosed the considerations by
which he determined what is arbitrary in the coefficients.

Every astronomer can compute the table by means of the

formula ; but no one can construct the formula itself. There
is no similar difficulty with regard to my table and the for-

mula for its construction given in Dr. Young's paper in the

Philosophical Transactions 182 1. For here the table is known;
and the empirical modifications mean nothing more than adjust-

ing the coefficients so as to reproduce the numbers of the table.

By the by, this making a table and a formula fit one another

is very singular and curious, and may not unaptly be called

playing at calculation. But in the other case, the table is the

thing unknown ; and we can attain a knowledge of it only by
exploring



of the Problem of Ainiospherical Refraction. 37

exploring the manner of its construction. What are the em-

pirical modifications in this instance? Are they derived from

original observaticms ? Or must we seek for them in the tables

already known to astronomers ?

Entertaining a curiosity to understand something of the

real nature of the table of refractions in the Nautical Al-

manack ; and suspecting that original observations were not

much employed ; I thought of comparing it with the tables in

the best repute at the time of its publication. I found that

it perfectly coincided with M. Bessel's table in the Fundamenta

Astronomice, as far as 45" from the zenith. Hence there is

a great probability that the one table was used in the con-

struction of the other. If there be 10 chances to 1 that two

languages are in some way connected which have three names

in common, as the author has determined in another place *,

how great must be the chance of connexion in two short tables

that perfectly agree in 45 consecutive numbers. At greater

zenith-distances the refractions in the Nautical Almanack fall

between M. Bessel's table and that of the French astronomers

;

and they ultimately become identical with the latter at the

horizon. We can now form some idea of the nature of the

empirical modifications of the formula. The table in the

\Nautical Almanack is a melange of the tables of M. Bessel

ard the French astronomers ; and the numerical coefficients

are adjusted accordingly. What I have now said is not to

be considered as mere conjecture ; it is the result of calcula-

tions that are easily verified.

The table of refractions in the Nautical Almanack is a sin-

gular instance of a set of practical calculations seemingly de-

chiced from a deep theory ; and yet, when we fully reach into

the truth, having a slight, or even no, coimexion with the

theory. For it is not the formula which produces the table;

it is the table, after the choice is fixed to make it consist of

numbers taken from the tables of M. Bessel and the French

astronomers, which determines the formula.

In finally retiring from so long and teasing a controversy,

allow me, gentlemen, to thank you for the attention you have

paid to the various papers I have addressed to you in the

course of it. I remain, &c.

January 14, 1825. JamES Ivory.

• Philosophical Transactions 1819, pp. 81, 82.

VII. On
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VII. On the Alteration of the Arcs of Vibration of Pendu-

lums by the Hygrometrical Changes of the Air ; afid on a Com-

perisating Pendulum of Deal, ajpplicable to general Use. By
Tho. Squire, Esq.

To the Editors of the Philosophical Magazi7ie and Journal.

Gentlemen,

SINCE the time of that eminent mathematician, astrono-

mer and mechanic, Christian Huygens, great improve-

ments have been made in the construction of horological in-

struments, and especially in those most important parts re-

lating to the clock— I mean the scapement and the pendulum.

It is well known that our atmosphere is often subject to

great and sudden vicissitudes with respect to pressure, tempe-

rature, dryness and moisture; and these causes, operating in a

greater or less degree upon the different parts of the mecha-

nism of the clock, must always have a tendency to render its

motion unequal, and for that reason unfit for the purpose of

showing the different portions of time with accuracy.

To obviate the eff'ects arising from these different causes,

many ingenious contrivances have been adopted.

The variations indicated by the barometer must in some de-

gree affect the arc of vibration, by the changes of buoyancy

and resistance ; but the error from this source cannot be great,

owing to the ponderous materials of which oxw best pendulums

are made, their slow motio)i, smooth surface, and lenticular

form.

On the other hand, the effects arising from the hygrome-

trical changes of the air do very perceptibly alter the arcs of

vibration, they being considerably greater in a moist than in

a dry state of the atmosphere; hence, the clock will lose in

the ibrmer case and gain in the latter. This is a great evil,

and I am of opinion that the most perfect jewelling of the pal-

lets will not completely remove it.

In registering several hundred observations of the semi-arcs

of vibration made by a clock having a dead scapement, going

fusee work, a motive power of 2 pounds, and a pendulum of

12 pounds, I have often found these arcs so variable, though

mostly within narrow limits, as to defy calculation, leaving

the mind in doubt whether to ascribe the variation in the rate

to the arc of oscillation, or an imperfect com])ensation. The
pendulum of this clock is so delicately hung, that a maintain-

ing power at the pallets of no more than f of a dram,
including the friction of the train, is sufficient to keep it in

motion.

I have
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I have also found the variation in the arcs of vibration of a
clock with a recoiling scapement, a heavy weight, and a light

pendulum, to be still greater than in the one above mentioned,
with a dead beat scapement, a light weight, and heavy pen-
dulum.
From these cases it certainly appears reasonable to sup-

pose that the ci/cloidal checks would be of service, and I see

no good reason why they are not now used ; as surely a mo-
del of so small a portion of the cycloid that would be neces-

sary for the involute arc of vibration, performed by a seconds
pendulum, could easily be made. But otherwise, I think Mr.
Farnham's plan, of facing the pallets with segments of cylin-

ders, to be the best that has ever been invented, for rendering
the arc of vibration constant, provided that under such circum-
stances a perfect dead beat scapement can be preserved.

I come now to speak of the pendulum simply in itself; and
from the nature and importance of this appendage to a clock

it requires more than ordinary consideration. Now as it is

well known that all metals expand with heat and contract with

cold, for this reason the simple pendulum, when constructed

wholly of such materials, is found to be useless where great

accuracy is required. Accordingly, many ingenious compound
pendulums have been invented, for the purpose of counteract-

ing the effects arising from these causes, so that under every

degree of atmospheric temperature the centre of oscillation

may remain constant. Hence we have the angular, the lever,

the conical, the gridiron, the mercurial, and a great many
other compound pendulums : but I believe the last two are

those mostly used in our best astronomical clocks; and if pro-

perly constructed, so that a just compensation is invariably

preserved, they must be considered the best of the kind that

have ever been invented. Valuable as these pendulums doubt-

less are in a philosophical point of view, yet they are found to

be too expensive for general use. For this I'eason, I would

recommend the wood pendulum in preference to all others,

as combining in one important unity, cheapness and utility

;

and I am moreover convinced from experience, that a pendu-

lum with a deal rod, previously prepared and properly ma-

naged, will perform, under similar circumstances, equally well

as the best compound pendulum that has ever been invented.

For this purpose take a straight-grained well-seasoned piece

of deal, perfectly free from knots, and which in the rough may
be about one inch in breadth, half an inch in de])tli, aiul three

feet and a half in length : let V be exposed for a considerable

time to a gradual increasing heat, till at last its surface be-

comes a little charred ; it may then be pUnied to its proper

breadth
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breadth and thickness ; and after cutting it to the required

length, let the surface be well coated with copal varnish, and

the ends dipped in melted sealing-wax, to prevent the least

moisture penetrating the wood, which is of the utmost conse-

quence to the accuracy of the pendulum in its simple state.

But still, if, after all, the pendulum should be found to be in

some degree affected by the changes of the atmosphere, we
happily have in the nature of wood a remedy at hand for this

inconvenience.

As the expansion and contraction of deal is much greater

across than in the direction of the grain, cut a small block

from the waste piece, equal in length to the width of the pen-

dulum rod, and of the same thickness, whicli may be about

•78 of an inch by '37 respectively; let this block be placed with

its grain at right angles with that of the rod, having its lower

side resting on the nut at the bottom of the pendulum, and its

upper side supporting the bob, and which, ifjudiciously placed

behind the front plate, will not only be nearly out of sight,

but may be so contrived as equally to compensate for the up-

per part of the screw, and the small piece of spring on which

the pendulum is hung. Experiment proves that with deal the

block need not be more than half an inch in width for the

compensation ofa seconds pendulum rod of the same material.

It is almost unnecessary to remark, that the compensating

block should be from a part of the same rod as the pendulum
to which it is applied, and also be in every other respect simi-

lar as to previous preparation, &c.

I remain, gentlemen, yours, &c,

Epping, Dec. 15, 1824. Thomas Souire.

P.S. I take this opportunity of returning my best thanks

to Dr. Burney and Mr. Veall, for their ready compliance

with my request relative to the situation of their meteorolo-

gical instruments.

I should like very much to see an account of some well

conducted experiments on the expansion and contraction of

wood, made under different degrees of temperature and dry-

ness, with the ratio of the same across and in the direction

of the grain ; at the same time pointing out the best and most
expeditious methods of entirely destroying this variable pro-

perty of wood. T. S.

[We think it may be acceptable to our readers if we subjoin to tiie above
communication witii which Mr. Squire has favoured us, some extracts re-

lating to tlic lis;- of deal foi' peiuhiliim rvxls from Mr. Haily's valniililt- Paper
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on the -Mercurial Compensation Pendulum, read May and June 18.2;? be-
fore the Astronomical Society, and just published in the second part of the
bociety's Memoirs, p. 385, and p. 41 1.—Edit.]

On the Use of Woodfor Pendulum Rods. By F. Baily, Esq.

" Having enumerated the principal experiments that have
been made on the expansion of merciny, I shall proceed to
an examination of those which have been made, by various
persons, on those substances of which the rod of the pendu-
lum may be composed. Of all these substances, that oi' wood
appears to be the least expansible ; but, it is unfortunately so
liable to be affected by the moisture of the atmosphere, that,
notwithstanding we coat it with varnish, or sealing wax, or
paint, or gilding, or even bake it, and impregnate it with oil,
It has seldom been found sufficiently accurate for the refined
purposes of the modern astronomer. 1 would not, however,
wish to discourage any attempts to render this substance more
fit for general use. Fitted up with a leaden bob (in the man-
ner which I shall hereafter describe), it forms the cheapest
pendulum that I know of: and, if placed in a room where
there is an uniformity in the atmosphere, it might answer
every useful purpose for an economical observatory. At all
events, it would form an excellent appendage and improve-
ment to the common household clock, and would be far supe-
rior to and much cheaper than the usual and absurd mode of
hanging a leaden bob to the end of an iron wire.

" I have already stated that an economical pendulumfor a se-
conds clock might be constructed by means of a leaden bob at-
tached to a wooden rod: and I shall now show the mode ofde-
termining the relative lengths of these two substances, I have
preferred lead to zinc on account of its inferior price, and the
ease with which it may be formed into the required shape : and,
as there is no considerable diffbrence in their rates of ex-
pansion, it is equally applicable to our purpose. If we take
the rate of expansion of deal to be -0000022685, and that of
lead to be -0000159200, as given in the table, we shall have
e 2'268,5

,

/3
=^

159200
^^^ '14'25 = K. Now, if we assume the weight of

the bob to be 100 times the weight of the rod (which will pro-
bably be the case), we shall by means of the equation (D) have
x= -2874 (l--2926+-.'3832) =-313: which, being substituted
for X in the equation (C), will give r= ^5"i5 and b = H-30*.

• If the bob were made of zinc, the length of the cylinder would be oniv
1.3-8H inches.

" ^

Vol. 65. No. 321, Jaw, 1825, F This
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"This being premised, let us assume 6=14i inches, and

make the cylinder of any diameter, according to the weight

proposed. The construction then of such a pendulum will be

as follows. Take a deal rod, of a convenient size, but not less

than 'te inches in length, the lower part of which (14^ inches

long) should be made cylindrical, about | of an inch in di-

ameter : or the whole rod may be of this size and shape. Pro-

cure a leaden weight or cylinder to be cast, with a hole through

the centre which will freely admit the cylindrical end of the

rod, and of such a length that when put in the lathe it may be

reduced to the required standard of 14-3 inches*, and to the

required weight f.
" The lower end of the rod should be formed into a screw, to

which a wooden nut may be fitted, in order to adjust the pen-

dulum nearly to the given rate : and the final adjustment may
be made by means of a slider, as above described:}:. A pendu-

lum of this kind will cost but a few shillings, and will answer

many useful purposes, as 1 have found by experience. If the

expansion of the rod could be depended on, it would be as ac-

curate as any other. In this construction I have not consi-

dered the expansion of that part of the spring which is below

the axis of motion. The effect of this may be taken into ac-

count, at the final adjustment of the pendulum.
" In all the wooden pendulums which I have seen, the bob

has been made of a Icntictdar shape, and oftentimes been fast-

ened to the rod by means of a pin passed through its centre',

and therefore not constructed with any view to compensation.

This shape was, I presume, originally adopted with a view to

overcome the resistance of the air, and thus reduce the main-

taining power of the clock. But it is well known that the air,

as a resisting medium, has no sensible effect on the rate of the

clock ; neither is the rate affected by the shape of the bob
;

we may therefore choose that shape which will bestanswer other

useful purposes."

* It will be more convenient to have this cylinder toe long rather than

too short : since we may readily diminish the length of it, if, on trial, it

should be found that the pendulum is oiifr-compensated.

\ The following are the respective weights of a leaden cylinder ] 4'3 in-

ches long, and having a hole, through the centre, equal to y of an inch in

diameter.

Diameter of Cylinder. Weight.
li inch. = C-56'lbs.

U = 9-73

H = 1347
a = 17-80

2J = 22-7«

\ A small sliding weight attached to the rod, as described in p. 402 of

the Memoirs.

VIII. On
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VIII. On the Insect called Oistros by the Ancient Greeks^ and
Asilus by the Romans. By William Sharp MacLeay,
Esq., M.A., F.L.S.*

T^HE determination of the animals and plants mentioned by
*- the ancient writers must always be a pleasing subject of

research, tending, as it does, not merely to our better com-
prehension of the meaning of these authors, but also to our
better acquaintance with the mysteries of nature. Every clas-

sical reader, as well as every entomologist, is familiar with

the word Oestrus as the name of one of the most celebrated

insects of antiquity. The insect itself, however,

"cui pomen Asilo

Romanuin est, CEstron Graii vertere vocantes."

ViRG. Georg. iii. 147.

has not for this been the more accurately determined ; and
Olivier is the first modern naturalist who appears to have sus-

pected that the CEstnis of the ancients and the Qistrus of the

moderns are totally different insects. With an exception in

favour of Messrs. Latreille, Kirby and Spence, this curious

remark seems not to have excited much attention ; although

it may easily be proved that Olivier has come much nearer the

truth than those who liold the contrary opinion.

In investigations of the following nature, it is not only ad-

vantageous but necessary to begin from some fixed and indis-

putable position. Now such I take to be the identity of the

insects termed in French taon ; in Spanish tavano ,- in Italian

tabano ; and in Latin tabanus. The tabani are unfortunately

insects too common for their name to have ever been forgot-

ten ; and knowing what the country-people in France call

taons,we know the insects which Pliny anciently termed tabani.

By comparing Pliny with Aristotle, we find that he invariably

translates the word jauajvj/ {ca:cutie)is) by the Latin word taba-

nus ; and entomologists know well that this Greek name is

extremely appropriate to the modern tabani or taons, which

are so remarkable for their eyes, that a common species of

Chrysops has at the present day the trivial epithet ofcceattiens.

Now it appears from Aristotle, that the oifjTpojf and ju-uajvl;

were insects extremely near each other in affinity ; they are

almost always mentioned by him together^ and agree in every

respect but that wherein Aristotle was least likely to be accu-

• From the Transactions of the Linnean Society, vol. xiv. p. 353.

f Otarqos is a name also applied by Aristotle to some small insectivorous

bird, and to some species olthe Ci/mntlioniltr, \vi;ich is parasitical about the

fins of the Tunny. Pliny also appears to apply the word (Eslrus to the

drone (lib. ii. c. 16.).

F 2 rate,



4i Mr. W. S. MacLeay oji the Insect callnl Oistros

rate, namely, their luode of generation. In description tliey

always accord ; they are both diptera, and therefore he says

necessarily siJi7rgo7S6x.:VTpx, " ouSsv 8' 60"T( Iiittz^ov onKrSoxsvTpov.

Now this, by the wav, proves notonly that the ohrgo; was not

the modern CEstrus, but moreover that Aristotle could never

have seen a modern Oestrus attack cattle ; for had he seen it,

he would most assuredly have deemed it oTtiaSoKBVTgo;. And
yet he must have seen his ohrgog about cattle; for he states

positively not only that the cTo-rgoi pierce the hides of quadru-

peds, but that they are armed with a strong tongue, and are

blood-suckers {aifjioSopx ^wa). In both these last respects it is

to be observed, that they differ totally from the modern (Estrus,

but perfectly agree, as M. Latreille has well said, with the

Linnaean Tabani.

iElian describes the oltrrgog and /xuaji]/ in the same way as

Aristotle. They are both most inimical to cattle (^ouatv e;^-

flio-Ta). The ola-rpoi he states to be one of the largest flies (xa-

T« xaj (J.IIIXC Tug luzyiiTUi), having a strong sting in its mouth,

and uttering a particular kind ol harsh humming noise (^%ov

/3o,«.§cuSr) Tfva xai Tpayyv). The ju.o«;\|/, on the other hand, he

says is like the fly called by the Greeks xuvofLvta; and although

it makes a louder hum than the oTorpoj, he states that it has a

smaller sting.

If we now turn to the poets, we shall find that their account

of this insect tallies perfectly with the above description of

the ancient naturalists, but not at all with the modern genus

CEsfrus.

Homer describes his Qistriis as caoXog, a word which ap-

plies admirably to the most common of all Tubanidce, namely
the Tabanus pluvialis of Linnteus, as well as to the insects

which now form the genus Chrysops. And the Scholiast, after

stating that the olTzgo; and /auwxJ/ are very near in aflinity, says

that the latter differs in having a smaller sting in the mouth,

and in being subaeneous in respect to its aspect or fades {uito-

^uKkov t^v iJ.og(pr}v), thus evidently pointing, as I think, to

the difference which exists between the modern genera 7 aba-
mis and Ilcciiiatopota, the latter having much more splendid

eyes. That Homer's insect was not the modern OEstnis may
besides be inferred Jrom what he says of the season in which

it makes its appearance,

for there are few cases, I believe, ofthe modern QHstri appear-

ing earlier than the middle of July. And this circumstance,

by the way, leads also to the conclusion, that the English

hreese or biize is not the modern (Estrus, although it is gene-
rally
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rally understood so to signify in the following punning lines

of Shakespeare

:

•' Cleopatra,

The breeze upon her, like a cow in June,

Hoists sail and flies."

Now Mouffet, who, both as an entomological observer and

as a contemporary of Shakespeare, was likely to know the in-

sect then named 'brize, says expressly that the breeze, clegg,

clingez and taon, are all' the same insect, his description of

which proves it to be no other than the Ho'matopota pluvialiSy

for which the Clegg remains to this day the well-known and

appropriate provincial name—a name totally inapplicable to

the modern (Estrns.

I have before said, that Aristotle makes it quite evident that

his ola-Tpo; and u.vw^ were very nearly of the same construc-

tion. So near indeed in affinity do they appear to have been,

that ^^i^schylus would seem to consider them as identical in

his Prometheus vinctus. From this poet we learn, that they

are 6^'jaToiJi.ot, and pierce the skin. lo says,

Tlct^xx.o'TO'j felSs nipsi:

;

In short, wherever the ju-uwr}/ is distinguished from the o1itt§o;,

I take the former to be either a Chrysops or Hcvmatopota* , or

some insect near to them, and the latter to be some species of

the modern genus JaiawM^, probably the Tabumis bovinusUmn.

or dun-fly, whose power of agitating cattle I have myself had

occasion 'to witness. This last insect certainly appears to be

the Asilus and CEstrus of Virgil. That this poet's insect can-

not be identical with any modern (Estrus is clear from his de-

scribing it to be in great plenty, and to be " acerba sonans."

Now the (Estms bovis is very rare every where ; and, accord-

ing to Mr. B. Clark, makes no noise. The (Estrus equi is

also silent in flying, as I have repeatedly myself observed. So

that neither of these insects can be that which is celebrated by

Virgil, whose description of the ability of the ancient oTo-t^oj

to make a i)articular kind of humming noise is corroborated

by the Scholiast before mentioned as well as by ^lian.
'

Messrs. Kirby and Spence in their Introduction to Entomo-

logy think that'the ancient Myops was some species of La-

treille's genus Tabanus, and that the (Estnis oi' the Greeks may

either have been a Fangonia or a Nemestrina. What we

• One circumstance which is mentioned by yElian respecting the Mi/(yi>s,

namely, that it makes a louder hum than the (Estrus, is perhaps against its

identity with the modern genus Hamatopola.
' know,
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know, however, of the latter genus answers in no one res)>ect

to the description above given of the ancient CEstriis, which

certainly was an insect allied to the modern Tabanus ; whereas

Nemestrina has no immediate connexion with it either in eco-

nomy or structure. Besides, no Nemestrina has ever yet been

found in Europe. The argument for Pangonia is rather

stronger, as this is not only an European genus, but one nearly

allied to Tabamis. Aristotle however says, that his (Estnis

and Myops have both a strong tongue (i<r;)/of«v yXSoTTav e-xovcri)',

a description in perfect accord with the mouth of a modern
Tabanus, but quite at variance with the long, weak and flex-

ible proboscis of Pangonia^ which can scarcely be supposed

capable of piercing the hide of an ox. Olivier and Latreille

indeed both state, that the long trunk of Pangonia, like that

of Bombylius, only serves for sucking flowers. But to insects

that suck flowers Aristotle expressly places his olcrr^os in op-

position.

It is rather interesting to remark the manner in which the

early modern naturalists viewed this subject. Mouffet's opi-

nion is, as far as I can make it out, the same with mine given

above. At all events he considers the jw,ua)\J/ of the Greeks to

be our Hcematopofa pluvialis. Ray, on the other hand, con-

sideTS this insect to be the o'tarpog, as we may judge fi-oni the

following description, " Musca bipennis CEstrum dicta, alis

membranaceis punctis crebris nigrioribus velut adspersis
;

"

which is clearly the Hccmatopota.

Valisnieri appears to have been the first naturalist of any
repute who took the modern (Estrus to be that of Virgil, while

Martyn and other commentators seem to have adopted his

opinion. The first insect, which Linnaeus considered to be

the (Estrus of the ancients, appears to have been a species of

the modern genus Asilus, probably the Asiliis crabroniformis,

as we learn from his Lachesis Lapponica. This was a gross

error ; and he soon rectified it, as he thought, by adopting the

opinion of Valisnieri. It is not indeed unlikely that some of

the ancients* should, like Valisnieri, have seen the perfect in-

sects of the modern (Estrus flying about cattle, and that they

should have witnessed the extraordinary agitation which they

* Aristotle was not certainly one of these ancients; for he could never

have seen a female of the modem (Estnis, as appears from his stating that

no dipterous insect has its sting placed behind. It seems however to have
escaped the notice of naturalists, that this great philosopher was acquainted

with, and has described the larva of one of the modern iaxnWy oi CEstridce

;

and, as is rather singular, precisely that larva which Reaumur describes as

infesting the fauces of the stag, but of which the perfect insect remains still

unascertained.—See Arist. Hist. Anm. lib. ii. f. 18; and lieaum. torn. v. 67
-77.

produce

:
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produce: but however this may be, they certainly appear to

have always confounded such insects with the more common
Tabani ; for it is the modern Tabanus, or some genus ex-
tremely near to it, that they have always described as the

I shall take this opportunity of quoting a passage from
Mouffet, which proves that he was acquainted with the mo-
dern genus CEstrus, although he did not confound it with the
ancient ola-rpoi. The passage will also show us how valuable
is the information sometimes to be procured from this obso-
lete work ; since, if we connect it with what Reaumur has
said of the CEstrus eqiii, we have almost the whole economy of
this interesting insect

:

" His proxime accedit alia musca bobus et jumentis interdiu

sole fervido infesta, quam Pennius Ciirvicaudam sive o-xoXioogoi/

jure appellat. Semper enim cruribus aut ventri jumenti insi-

dens, caudam versus ipsam recurvam tenet et spiculurn exer-

tum quo ad percutiendum Cauda sit paratior (SiVregov ottktQo-

Kv/rpov). Hanc Angli a IV/iame a7id a Bunell-^T/e proprie vo-

cant, nee nisi in Anglia facile invenitur. Musca ha^c api fere

similis forma et colore, sed corpore est crassiore. Non ad-

haeret nee sanguinem sugit sed solummodo stimulo in cauda
pungit, atque ut equos affligat per longissima itinera ipsos vo-

lando persequitur. Equi natura hanc muscam timent et ad
ejus solum contactuni quasi horrent, cauda pedibusque et la-

biis tarn cruentum hostem abigere saepe conantes. Sunt qui

putant hanc muscam non aculeo pungere, sed stercora [ova]

pilis equi affigere cauda, unde postea molestissimae lendes gig-

nuntur. Magno quidem impetu sed caeco ad praedam Taba-
nus atque ^xoXjoygoj feruntur." p. 62.

IX. On a supposed Anomaly in the Rotation produced by the

Galvanic Current. By Mr. W. Sturgeon.

To the Editors of the Philosophical Magazine and Journal.

Gentlemen,

IT appears to have been hitherto remarked bj^ every writer

on Electro-magnetism, that the direction of rotation is al-

ways reversed by changing the direction of the Galvanic cur-

rent, provided the magnetic bar remains unmolested. It has

so happened, however, in one of my experiments, whilst ro-

tating a galvanic wire round the pole of a magnetic bar, that,

although the latter be not altered in its position, yet the Ibrmer

will continue to rotate around it in the same direction, what-
ever
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ever change be made with respect to contact ; that is, whether

the wire be descending from the zinc, or descending from the

copper side of the battery.

Now as this phtenomenon appears somewhat anomalous to

every other electro-magnetic experiment yet made public, I

should feel obliged if any of your scientific correspondents

would make known through the medium of your valuable and

widely disseminated Journal, if a like phajuomenon has ever

occurred during their experiments ; or, according to the pre-

sent received doctrine of electro-magnetism, under what cir-

cumstances this invariable rotation can possibly happen.

Your most obedient servant.

Artillery Place, Woolwich, W. StURGEON.
Jan. 21st, 1825.

IX. Notices respectiiig Neiv Books.

The Natural History of the Bible ; or A Descripfio?i of all the

Quadrupeds, Birds, Fishes, Reptiles, and Insects, Trees,

Plants, Flois:ers, Gums, and Precious Stones, mentioned in the

Sacred Scriptures. Collected from the best Authorities, and

alphabetically arranged. By Thaddeus Mason Harris, D.D.
Boston, New England. Wells and Lilly, 1820, 8vo, pp. 476.

Reprinted by T. Tegg, London, 1824.

A MONG the valuable contributions to science and litera-

-^*- rature with which our American brethren are now en-

riching our language, we are happy to notice this useful volume.

The want of such a work has been much felt in this country

;

and we understood some time since that both Dr. Leach and
the Rev. C. Wellbeloved meditated such an undertaking. It

is of essential service to the public to possess works on subjects

ofcommon interest, comprising in a small compass what betbre

could not be found without access to voluminous authors and
extensive libraries. The work before us is limited in its object,

and without being prolix is generally sufficiently full. We know
not of any other book on the same plan ; and it is not rendered
superfluous by late translations of separate books of the Sa-
cred Writings, or by running commentaries on the same.

In order fully to imderstand the Sacred Writings, a know-
ledge of whatever is local and peculiar becomes important.
Not the least important, as contributing to the illustration of
Scripture, is Natural History. The poetical books of the He-
brews, in particular, abound in lively comparisons, local allu-

sions, and strong metaphors, drawn from material objects,,

whose
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-whose most powerful charms arise from their individuality.
The real import of the sentiment, expressed by such allusions
and metaphors, must be gathered fiom a knowledge of the ob-
jects on which they are founded. Much of the poetry of the
Hebrews, like that of every people of a remote age, partakes
largely of the pastoral kind, resulting from the personal occu-
pation of the authors, or the common condition of mankind.
To enjoy the beauty of the pastoral scenery which is so often
alluded to in the Hebrew Scriptures, one should have some
knowledge ofthe climate and natural productions of the coun-
try which furnishes it ; and every thing which tends to make
the sacred Scriptures more engaging to the mass of readers,
by illustrating what is obscure, is a great good.

In regard to the Botanical part, Dr. Hariis names, as his
prmiary authorities, Hiller* and Celsius, the latter of whom
IS spoken of with great i-espect by Linnaeus, as the most con-
summate Pnlylmtor of his age. Though this friend and patron
of Linnaeus devoted a great part of a long life to the illustra-
tion of the plants mentioned in the Scriptures, yet he did it

under so many disadvantages, that Linnaeus, in the interval
between the publication of the first and second volumes of the
Hierobotanicon of Celsius, (1 745— 1752,) mentioned a Floi-a
Palcestina as among the desiderata , and declared that who-
ever should visit the Holy Land, and make a collection of
the plants of Palestine, would be immortalized by theologians.
Stimulated by these remarks, which fell from Linnaeus in one
of his lectures, Hasselquist, then a student of medicine, bent
all his efforts to the accomplishment of the great and difficult
undertaking. Having already made great advances in Natural
History, he studied the Arabic language, and with nnjch dif-
ficulty and delay procured scanty pecuniary means for his ex-
pedition. When he arrived at Smyrna, says Linnaeus, he was
treated with the utmost hospitality by the Consul-general, who
sent him to Egypt; and having remained at Cairo about a year,
he pursued his travels through Arabia and Palestine, diligently
collecting all the plants he could find, and describing the ani-
mals and stones which he met with. After his return to Smyrna,
he died of the disease under which he had lon<>- laboured, and
Ins creditors took possession of his manuscripts and collections.
The queen of Sweden redeemed them, and directed Linna-us
to arrange and publish the writings of Hasselquist, at the same
time giving to him specimens of all the plants of which she had
iluplicates. Of these Linnaeus gave an account in his Flora
Palcestiiui, to which he added a few that were collected by
Pococke, Rauwolf, and Shaw.

* llicroplii/ticon, 4to, 172.').

Vol.65. So.?.2\. Jan. 1825. G Bruce,
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Bruce, whose reputation as an authority has, contrary to

that of some travellers, increased with the increasing know-

ledge obtained of the countries which he visited, contributed

considerably to the stock of information concerning the Natu-

ral History of the Bible. Preparatory to his great expedi-

tion, he studied the Oriental languages, at Algiers, with great

zeal and diligence ; and from a knowledge of the original lan-

guages of the Scriptures, he claims an advantage over pre-

vious travellers in the East, who were either not at all, or but

very superficially acquainted with those languages. He made
it a rule also, in describing plants and animals which he saw,

to prefer those mentioned in Scripture, particularly where

doubts had arisen among translators and commentators. To
these authorities on the subject of plants. Dr. Harris adds

Dioscorides and Pliny, among the ancients ; and Alpinus,

Rauvvolf, Shaw, Russell, Forskal, and others, among the mo-
derns.

The author's leading authority concerning the Animals
mentioned in Scripture is Bochart, a learned orientalist of the

seventeenth century. His Hierozoicon, which, as its name
imports, relates to the animals spoken of in the sacred writ-

ings, was printed at London in I6ti3. Great accessions have

been made to this department of knowledge since that period,

giving certainty to what was doubtful, and correcting what
was erroneous

; yet it seems, for the most jiart, that the opi-

nions of this indefatigable scholar are confirmed by the testi-

mony of the most learned and intelligent travellers since the

period in which he wrote. Dr. Harris, though one might ap-
prehend from his preface that he had relied too unhesita-

tingly on Bochart, is not wanting in the examination of sub-

sequent authorities*, and giving them their due weight in com-
ing to his own decisions.

Another
• We may cite as an instance the following passage from the article

Ln.Y, )\:;iu;(p.. 2.^7): " Mr. Salt, in his Voyage to Abyssinia, p. 419, says,
' At a few miles from Adowa, we discovered a new and heautifnl species
of Amaryllis, which bore from ten to twelve sjjikes of bloom on each stem,
as large as those of the Belladonna, springing from one common receptacle.

The general colour of the corolla was white, and every petal was marked
with a single streak of bright purple down the middle. The flower was
sweet-scented, and its smell, though much more powerful, resembled that

of the lily of the valley. This superb plant excited the admiration of the
whole party ; and it brought immediately to my recollection the beautiful

comparison used on a particular occasion, by our Saviour, I say unto you
that Solomon in all his glorj- was not arrayed like one of these.' And Sir

J. E. Smith (Considerations respecting Cambridge), observes, ' It is natural
to presume the divine teacher, according to his usual custom, called the at-

tention of his hearers to some object at hand; and as the fields of the
Levant are overrun with the Amnryllii lutca, whose golden liliaceous

flowers
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Another authority, confined to no particular department of

the Natural History of the Bible, is J. J. Scheiichzer, who
died in 1731. His great work, Physique Sacree, embraces a

wide range of inquiry and speculation, not only concerning the

Natural History- of the Bible, but every thing remarkable in the

works of art. It may be supposed, that in eight folio volumes
on the subjects above enumerated, there woidd be enough, and
more than enough, both ofthat which depends on evidence, and
of that which is merely theoretical ; but to an author who knows
how to separate the wheat from the chaff, superfluit}', though
often troublesome, does not produce loathing or disgust. It was,

we presume, by such a spirit of patient inquiry, that Dr. Har-
ris was enabled to endure the strange vagaries of Parkhurst, for

the sake of what so fearless a theorist might sometimes, even
by his boldness, contribute towai'ds probability and truth. Of
Scheuchzer Dr. Harris has made principal use for determining

the serpents and insects mentioned in Scripture. Rudbeck is

his principal authority for the fishes, and Lenniius and Braunius

for the minerals and precious stones.

In the use he has made of the authors above mentioned, and
of various others. Dr. Harris manifests a due discrimination,

and puts it in the reader's power generally, in cases of doubt,

to weigh the evidence for himself: and we consider him to

be entitled to the thanks of the public for having brought

within a reasonable compass the most valuable materials on

the subjects of which he treats ; for having arranged them
in a convenient method ; and, in general, for having arrived

at his own conclusions, on the best evidence which the sub-

jects admit.

A Correct Abstract of the Ne'jo Act for ascertaining and esta-

blishing Uniformity of Weights and Measures: to 'which are

added Six Original Tables, compi'ising the Old and New
Standards, &c. &c. ; by the aid of u^hich Dealers and Pur-
chasers may easily understand the total Change throughout

the United Kingdom, which will take place May 1 st, 1 825.

By Henry Butter, Master of the Academy, Goswell Road.

London, 1825. 12mo pp. 40.

We are glad to see the class of cheap publications fami-

liarly explaining and reducing to the pmposes of business the

flowers in autumn afford one of the most brilliant and gorgeous objects in

nature, the expression of Solomon in all his glory not being arrayed like

one of these, is peculiarly appropriate. I consider the feeling with which

this was expressed as the highest honour ever done to the study of plants
;

and if my botanical coniecture be right, wc learn a chronological fact re-

specting the season of the year when tin- Sermon on the Mount was de-

livered.''

(i 2 provisions
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provisions of so important a public measure, as the Weights
and Measures Act, commenced by Mr. Butter's pertinent and
correct little work : the contents are so fully stated in the

title, that it is not requisite to detail them ; and as their nature

affords no scope for criticism or quotation, we may dismiss the

subject with this general opinion of their utility.

ANALYSIS OF PERIODICAL WORKS ON NATURAL HISTORY.

Curtis's Botanical Magazine. No. 454'.

PI. 2523. Calceolaria rugosa, a native of Chili;— this and intcgrifolia the

Editor considers as only varieties.

—

Ageratum mexicanwn, "hispiduni, foliis

cordato-ovatis crenatis rugosis, corymbo composito, paleis pappi laiiceolatis

aristatis ;"—from seeds brought from Mexico by Mr. Bullock.— ZyiwwocAa-

ris Plumieri.— Heliophiln stricta, " caule stricto, foliis pinnato-dentatis in-

tegrisque hirsutis, siliquis linearibiis subtorulosis pubescentibns erectis da-
vato-inucronatis." This species agrees in many respects with cornnopifotia,

and must be near to pilosa in DeCandolIe's system.

—

Melodimu monogynus
from the East Indies.

—

Ii-is longispatha, '' imberbis, foliis lineari-lanceolatis

falcatis scapo snbtereti tortuoso, germinibus dodecagonis, spatha exteriori

longissime antenuata." Introduced in the Chelsea Garden last yeai' from
Russia by Dr. Fischer.

—

Cynoglossum nitidum. Native of Portugal. This
has been recently and needlessly placed in a separate genus under the names
of Omp/ialodes and Picolia.—Jussieiia ovalifolia, " caule erecto ramoso, ra-

mis tetnigonis subulatis foliis ellipticis acuminatis nervoso-venosis villosis,

calycibus tetraphyllis ovatis acuminatis trinerviis hirtis." Raised from seeds

from Madagascar.

T7ie Botanical Register. No. 217.

PI. 840. CatasctiunClaveringi, " spica foliis breviore, label lo carnoso apice
tridentato, sepalis oblongis obtusis : interioribus maculatis." Brought from
Brazil in 1822 by Mr. George Don. " It is a far more remarkable plant,"

observes Mr. Lindley, '• than the C. tridentatiim of Hooker, and. altogether
the most singular Orchideous plant which has yet been seen in a cultivated
state." A sketch of the history of this remarkable genus is given during its

first year "in which period alone it has increased from one certain and one
uncertain species to five certain and one uncertain species : Div. I. 1. via-

culatum, 2. Iridcntatum, 3. Claveringi, 4. Hoo/ceri, 5? viacrocarpum : Div. II.

6. crislatum.—Dracocephalum nutans, a hardy perennial from the Altai moun-
tains.

—

Boionia serrulata, a very beautiful plant from New Holland.

—

Aca-
cia undiitata; a green-house plant native of New Holland, flowering in win-
ter.

—

Camaridiitm ochrolrucnm ; an orchideous plant from Trinidad, where
it appears to be parasitical on the trunks of trees ; not hitherto described.
-—liraumuiia lii/pciicoldcs.—Coreopsis lincluria, discovered b} Mr. Nuttall
in the Arkansa country, North America,

XL Proceedings of Learned Societies.

ROYAL SOCIETY.
Jan. 13.— A PAPER by Capt. H. Kater, was read, entitled

A Description of a Floating Collimator.
This instrument is destined to supply the place of a level or

plumb-line in astronomical observations, and to furnish a

ready
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ready and perlecdy exact method of determining the position

of the horizontal or zenith point on the hmb of a circle or ze-

nith sector. Its principle is the invariability with respect to

the horizon of the position assumed by any body of invari-

able figure and weight floating on a fluid. It consists of a
rectangular box containing mercury, on which is floated a
mass of cast-iron about twelve inches long, four broad, and
half an inch thick, having two short uprights or Y's of equal
height, cast in one piece with the rest. On these is firmly
attached a small telescope furnished with cross wires, or,

what is better, crossed portions of the fine balance spring of
a watch, set flat-ways, and adjusted very exactly in the si-

dereal focus of its object-glass. The float is browned with
nitric acid to prevent the adhesion of the mercury, and is pre-
vented from moving laterally by two smoothly polished iron
pins, projecting from its sides in the middle of its length, which
play freely in vertical grooves of polished iron in the sides of
the box. When this instrument is used, it is placed at a short
distance from tlie circle whose horizontal point is to be ascer-
tained, on either side (suppose the north) of its centre, and
the telescopes of the circle and of the collimator are so
adjusted as to look mutually at each other's cross wires (in

the manner lately practised by Messrs. Gauss and Bessel), first

of all coarsely, by trial, applying the eye to the eye-glasses
of the two instruments alternately, and finally by illuminating
the cross wires of the collimator with a lanthorn and oiled

paper, (taking care to exclude false light by a black screen
having an apperture equal to that of the collimator,) and making
the coincidence in the manner of an astronomical observation,

by the fine motion of the circle. The microscopes on the limb
are then read ofl", and thus the apparent zenith distance of the
collimating point (intersection of the wires) is found. The
collimator is then transferred to the other (south) side of the
circle, and a corresponding observation made "without reversing

the circle, but merely by the motion of the telescope on the
limb. The difference of the two zenith distances so read off"

is double the error of the zenith or horizontal point of the

graduation, and their semi sum is the true zenith distance of
the collimating point, or the co-inclination of the axis of the

collimating telescope to tlie horizon.

By the experiments detailed in Capt. Kater's paper, it ap-
pears that the error to be feared in the determination of the
horizontal point by this instrument, can rarely amount to half

a second if a mean of four or five observations be taken. In
a hundrtd and fifty one single trials, two only gave an error

oftwo .seconds, and one of these was made with a wooden float.

Ill
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In upwards of a hundred and twenty of these observations,

the error was not one second.

For lurther details we must refer to the original commu-

nication.

Jan. 20.—A paper on some improvements in the construc-

tion of the barometer, by J. F. Daniell, Esq. F.R.S. was read.

Jan. 27.—A paper was read, on the anatomy of the mole

cricket; by John Kidd, M.D. F.R.S.

LINN^AN SOCIETY.

Jan. 18.—A further portion of the Rev. Messrs. Sheppard

and Whitear's catalogue of Norfolk and Suffolk birds was

read.

ASTRONOMICAL SOCIETY.

Jan. 14.—At the meeting this evening, Mr. Baily laid on

the table, for the inspection of the members, two micrometers,

which have been recently invented and constructed by M.
Frauenhofer, of Munich*

.

These micrometers are formed by means of very fine lines

cut on glass with a diamond point in a peculiar manner ; and

placed in the focus of the telescope. One of these microme-

ters consists of concentric circular lines drawn at unequal di-

stances from each other; and the other consists of straight

lines crossing each other at a given angle. The mode of

cutting these lines has furnished M. Frauenhofer with a me-

thod of illuminating them, which (at the same time that it

renders the lines visible) leaves the other part of the field of

the telescope in darkness : so that the transits of the smallest

stars may be observed by means of these micrometers ; the

lines appearing like so many silver threads suspended in the

heavens. A short account of the circumstances which led

M. Frauenhofer to this happy invention was read.

An engraving of Frauenhofer's achromatic telescope, now
at Dorpat, of 14 feet focus and 9 inches aperture, was also

submitted to the inspection of the members present, by Mr.
Herscliel.

A communication was read from Capt. Ross, dated Stran-

raer, 7th August 1824, in which he transmits a diagram ex-

hibiting his observation of the occultation of Herschel's planet

by the moon, on the preceding day, with Ramage's 25-feet

telescope, and a power of 500. The planet appeared to have

entered about one-third of its diameter on the dark part of

the moon before it disappeared, and its light began to dimi-

nish before it touched the lunar disc. On the contrary, at its

emersion it appeared one-fourth of its own diameter distant

'Sec rhil. Mag. vol. Ixiv. p. 210.

from
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from the moon's western limb. The whole time of the occul-

lation was 1'' 7"' 4-4'-5.

After this, the reading was commenced of a paper by
Mr. Henry Atkinson, of Newcastle-upon-Tyne, " On astro-

nomical and other refractions ; with a connected inquiry into

the law of temperature in different latitudes and altitudes."

As the reading of this paper will be resumed at a subsequent

meeting, an abstract of the whole may with propriety be de-

ferred.

GEOLOGICAL SOCIETY.

Jan. 21.—A paper was concluded, entitled " On a recent

formation of freshwater rock marl in Scotland, with remarks
on shell marl, and on the analogy between the ancient and
modern freshwater formations." By Charles Lyell, Esq. Sec.

G. S.

The rock marl described in this communication is an ex-

tremely compact limestone, in part of a crystalline structure,

and traversed by numerous irregular tubes or cavities.

As a principal part of its geological interest is derived from
its recent origin, the author has drawn a brief sketch of the

physical structure of the county of Forfar, in oi"der to explain

distinctly its position.

Those strata are also enumerated in which limestone is

found, and its remarkable scarcity in Forfarshire pointed out.

The districts to which shell marl is confined are next con-

sidered, and it appears that deposits of this nature are accu-

mulated only in lakes in two formations ; viz. the inferior or

transition sandstone, and the old red sandstone.

The Bakie loch, in which the rock marl occurs, lies in a
hollow in sand and gravel. This gravel consists of the broken
and rounded masses of the primitive rocks of the Grampians,
which are heaped in large quantities upon the old red sand-

stone in the valley of Sti"athmore.

The succession of the deposits of sand, shell marl, and rock

marl, in the lake of the Bakie now drained, is then described.

The shells and plants inclosed in the rock are the same as

those in the soft shell marl, and are all still living in the waters

on the spot. Among the plants are the stems and seed-vessels

of Charce, the latter being fossilized in such a manner as to

present a perfect analogy to the gyrognite of the ancient fresh-

water formations.

Mr. Lyell then considers the probable origin of the rock

marl, which appears to be derived from subjacent shell marl,

through which springs ascend, charged with carbonic acid.

Some remarks are next offered on the shell marl of Forfar-

shire, and some which the author has examined near Ilomsey
in
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in Hampshire is described. The subjects of chief interest with

regard to the shell marl are, its slow growth, tlie small pro-

portion of fuU-grow^n shells which are found in it in Forfar-

shire, the greater rapidity of its growth in the vicinity ofsprings,

its abundance in a part of Scotland in which limestone is very

rare, and its scarcity in the calcareous districts of England.

The question is then considered, whether the shell marl be

exclusively derived from the exuviag of testacea, and the va-

rious arguments for and against this hypothesis are entered

into.

In conclusion, Mr. Lyell takes a general view of the analogy

between the ancient and modern freshwater formations.

Both of these may be described generally as consisting of

thin beds of calcareous, argillaceous, and arenaceous marls,

together with strata of sand and clay, to which the consoli-

dated beds bear upon the whole but a small proportion.

The shells and plants contained in both are referable to the

same genera.

The bones and skeletons of quadrupeds are found buried

at various depths in the marls of Forfarshire, as they occur in

the lower freshwater formation of Paris.

Of the four desiderata mentioned by Messrs. Cuvier and
Brongniart (Essay on the Environs of Paris, p. 56), as being

requisite to complete the analogy between the deposits of lakes

now existing and those of a former world, three are supplied

by the lakes in Forfarshire: viz. 1. a compact limestone;

2. vegetables converted into the substance of their calcareous

matrix; 3. large beds of yellowish white calcareous marl.

The rock marl of Forfarshire closely resembles the Traves-

tino of Italy, part of wliich is a recent formation, but part hais

been proved by M. Brongniart to be of a date probably as

ancient as the upper freshwater strata at Paris.

The only difference remaining between the ancient and the

modern freshwater formations is, 1. the absence in the latter

of silex, which is only known as a modern deposit from water
connected with volcanic agency; and 2. the small scale on
which the recent accumulations proceed.

If these differences are ascribable to a higher temperature
prevailing where the ancient freshwater rocks were formed,

they may perhaps disappear when the hitherto unexplored
tropical regions of the globe are fully investigated.

MEDICO-BOTANICAL SOCIETY.
At a meeting of this Society holden on Friday the l+th in-

stant, the Professor delivered a lecture upon a new essential

oil lately introduced from South America. It is called the Es-
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sential Oil of Laurel, which is not only an unsatisfactory name,

but it is also incorrect, as such might convey an idea that it is

obtained from some of the Laurels which are of the genus

Prunus, while the plant from which this oil is extracted is of

the genus Lanrus; but still it does not appear from what spe-

cies of this genus. It is extracted from the inner bark or

liber of the plant, which is effected through a particular pro-

cess, and must be performed by persons accustomed to the

practice.

Neither its chemical components nor its medicinal proper-

ties have been yet ascertained. It is certainly of a very vola-

tile nature, as well as aromatic. The Indians hold it in high

estimation for its medicinal properties, using it in various cases

;

applying it sometimes internally, and at others externally. The
high encomiums they pass upon its medicinal properties w'ill

scarcely obtain credit, though it is probable it will in some in-

stances prove serviceable. The Professor will at the next

meeting resume his Lecture upon this oil, when he intends to

make some chemical experiments upon it.

The anniversary meeting of the Society was held on Mon-
day the 17th instant, when the following officers were elected

for the ensuing year: President, Robert Bree, M.D. F.R.S.

—

Vice-Presidentsl John Ayrton Paris, M.D. F.R.S. ; Edward

Thomas Monro, M.D. ; Joshua Brookes, Esq. F.R.S. ; Wil-

liam Thomas Brande, Esq. Sfc.R.S.; Sir James M'Gregor,

M.D. F.R.S.; Sir Alexander Crichton, M.D. Y.B..S.—Direc-

tor, John Frost, Y.s<i.— Treasurer, William Newman, Esq.

—Secretary, Richard Morris, Esq.— //oworary Librarian,

Dr. Edward Thomas Monro, {V.V.)— Professor of Botany,

John Frost, Esq. (Director).—O/ra/or of the Collection, Rich-

ard Morris, Esq. (Secretary).— Co?/Ha7, The President, Vice-

Presidents, and other Officers; together with Dr. John Elliot-

son ; Thomas Jones, Esq, ; William Yarrell, Esq. ;
Thomas

Gibbs, Esq. ; Henry Tatham, jun. Esq.

KOYAL INSTITUTION OF CORNWALL.

At the sixth annual meeting of this Association, held

at Truro, August 27, 1824., Sir C. Hawkins, Bart. M.P., in

the chair, the subjoined Report of the Council was ordered to

be printed, and the following Resolutions were passed, with

others of mcrelv local importance.
" That the Right Hon. Edward Viscount Exmouth be re-

elected President of this Society.
,

" That J. H. Vivian, H. WiUyams, J. Williams, jun., 1

.

Daniell,and W. Paul, Esqrs.,be elected Vice-Presidents for the

ensuing year, and with the following members form the Coun-

Vol.6.5. No. 321. Jan. 1825. H til;—
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ell :—Dr. Taunton, Captain Forster, Mr. Cliilcolt, Mr. Car-

penter, Mr. Turner, Mr. S. Moyle.
" Secretaries—Mr. W. M. Tweedy and Mr. J. T. Nankivell.

" That Dr. Potts be re-elected Lecturer on Chemistry and

Experimental Philosophy."

Report.—The Council of the Royal Institution of Corn-

wall have the pleasure to report to the Sixth Annual Meeting,

that the Donations to the Museum during the past year have,

in number and importance, equalled those in any year since

the first, and prove that the Society is looked on with a fa-

vourable eye even by those not immediately interested in its

prosperity.

The state of the Museum will, your Council believe, fully

satisfy any impartial mind that some progress has been made
towards the attainment of those objects for which the society

was originally formed, and that by a proper application ofour

resources more may be done. The very crowded state of the

Museum, which has hitherto prevented any systematic arrange-

ment, and the want of a suitable Lecture Room, induced your

Council to ea'l the attention of the Members to the expediency

of endeavouring to obtain a suitable House of our own. At a

Special General Meeting called for this purpose, it was resolved

that application should be made to the different Members of

the Institution, to ascertain to what extent they would be will-

ing to contribute to such an object. The result of these ap-

plications, as far as they have been made, has been such as to

induce a strong hope that this great object may be accom-

plished.

Dr. Potts favoured the Society during the last winter with

lectures on Phrenology and on Chemistry, but was, from the

state of his health, prevented from continuing them to the ex-

tent he liad proposed.

Mr. Hogg likewise gave two lectures on the Fabulous His-

tory of Cornwall, which were evidently the results of considei-

able research.

At a Special General Meeting in June last, it was resolved

to enlarge the sphere of the Institution, by admitting Gentle-

men residing at a distance, or Officers of his majesty's service,

who may have favoured the Society with valuable literary or

scientific communications or donations to the Museum, or from

whom such assistance may be expected, as corresponding

Members.—Theyf are admitted to the Rooms, and to all lec-

tures given by the Society'.

In the hope and belief that Science will advocate its own
cause, your Council look forward to a more favourable report

of the state of your funds another year, than they are enabled

to
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to make now. The expenditure has exceeded the receipts

about 30/., but a considerable proportion of this has arisen

from contingencies, which are not likely to occur again, and
a further portion from the expense of new cases, &c., to hold
our increasintj collection.

ROYAL ACADEMY OF SCIENCES OF PARIS.

Aug. 2.—The director of the administration of manu-
factures requested the Academy to examine a manuscript
work by M. Charles Barbier, entitled An essay on the Chi-
nese and Persian notography.—It was announced that the
fossil bones of a very large mastodon had been discovered at

Montpellier ; and that M. Gambart, director of the obser-
vatory of Marseilles, had discovered, on the 27th of July, anew
comet in the constellation Hercules.—M. Poisson made a re-

port on the new tables of the moon, by M. Damoiseau.—M.
Desmoulins read a memoir on the lachrymal organ and ner-
vous system of the Trigonoccphali.—M. Pouillet commenced
the reading of a memoir on the high temperatures and on the
heat which prevail at the surface of the sun.

Aug. 9.—M. le Baron Blin communicated, in manuscript,
his Ti'eatise on Harmony.—M. Cauchy, in the name of a
commission, made a report on an analytical memoir by M.
Libri, relating to the theory of numbers : [this memoir will be
printed in the Recueil des Savans Etrangeis.']—M. Vauquelin,
in the name of a commission, gave a report on M. Lassaigne's

memoir respecting the means of discovering hydrocyanic acid

in the organs ofanimals poisoned by that re-agent.—M. Arago
aimounced that M. Pons had discovered, on the 24th of July,

the comet which M. Gambart noticed three days afterwards.

— M. Bory-Saint-Vincent read a note on a new apparatus for

drj'ing plants for herbariums.—M. Bailly read a memoir on
the cold intermittent fevers, and on the alteration of animal
heat in those maladies.

Aug. 26.—M. Audibert communicated a memoir in which
he explained the means of raising stagnant water above its

level, by certain combinations of forces of water and air.

—

Dr. Lauth read a memoir on the lymjihatic vessels of birds.

M. Moreau de .Tonnes read some geographical researches on
manioc, and on the limits of its culture among the aborigines

of the New World.—Some further observations by M. Gaillon

were read, supplementary to his memoir on the animalcula

which constitute the nutriment of oysters.

Aug. 23.—M. Hressy, a ))hysician at Arpajon, communi-
cated a nvAX\\i%cr\\)Vcnl\\.W-d Manosphoye.— M. deBeaujeu com-
numicated an account of a new method of transporting soils

n 2 in
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in agriculture.—M. Chevreul read a memoir relative to the

simultaneous action of oxygen gas and of alkalies on a great

number of organic substances.

Auo-. 30.—Mr. Walsh, of Cork, communicated a note on

the line of the most rapid descent.—M. Fresnel made a re-

port, in the name of a commission, on the new microscopes

of M. Selligue.—M. Payen read a memoir on the pyrites

found on the 19th of August 1824, in a gravel-pit at Gre-

nelle, and on the power which several mineral substances pos-

sess of depriving vegetable bodies of their colour.—M. Runge

read a memoir on the chemical characters of the plants which

constitute the families of the Dipsacece and Rubiacece.

Sept. 6.—M. de Freycinet commmiicated an extract of a

letter, dated Amboyna, Oct. 14, 1823, which he had received

from M. Duperrey, commander of the discovery ship La
Coquille. It contained some interesting details of the re-

searches in geography and natural philosophy made in this

expedition, as well as of the collections which have been

formed.—M. Moreau de Jonnes comnuuiicated some parti-

culars of the yellow fever which appeared in the Island of

Ascension in 1823.—M. Bouvard stated the parabolic ele-

ments of the comet discovered at La Marlia and at Marseilles

in July 1824 ; calculated from observations made at the Royal

Observatory from August 3 to Sept. 3.— M, Desfontaines

gave a verbal report on a work, entitled Hurtiis Ripulensis,

scu Enumeratio Plantarum qtice Ripnlis coluntur ab Aloysio
CoLLA.— M. Thenard presented, in a verbal report, the re-

sults of the analysis which he had made, in conjunction with

!M. Vauquelin, of several fragments of the fossil found at

Moret ; and M. Cuvier, in relation to the same subject, made
some remarks on the characters which belong to the organic

remains of animals.— M. Navier made a verbal report on Mr.
Stevenson's History of the Northern Lighthouses.—M. Geof-

froy de Saint-Hilaire read a memoir, entitled On the com-
position of the skull in vertebrated animals, principally of

crocodiles and birds: (art. 1.), of the Cranium, as forming

part of the rachis, and as consisting of seven veriebrcc.

[On Sept. 13 no meeting was held, on account of the ill-

ness of His Majesty Louis XVIII.]
Sept. 20.—M. Martillat announced some new improvements

in his steam-engine.—A letter from Mr. Walsh was sub-

mitted to the examination of M. Cauchy.—M. Gaudin, of

Nantes, communicated a memoir on equations of the 2d order.

—M. Latieille made a verbal report on the Analecta Entomo-
logicu of M. Dalmane.—M. Fourier read a memoir, entitled

General remarks on the temperatures of the terrestrial globe

and
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and llie planetary spaces.—M. Bonard read a geological no-
tice on certain districts of Burgundy.

Sept. 29.—M. Desfontaines made a verbal report on Sir

James Edward Smith's English Flora.—M. Fourier concluded
his memoir.—M. Geoff'roy de Saint-Hilaire read a memoir,
entitled On the sections of the cranium in the crocodile,

compared with the analogous bones in all animals ; restored,

on the one hand, to philosophical identity, and considered, on
the other, in the relation of the specific nature and the ano-
malies of their forms.

Oct. 4.—M. P. Coste, an officer in the artillery service,

transmitted a sealed packet, inscribed " Chemical Researches."
—M. de Schutten, professor of mathematics in the university

of Abo, presented a memoir on the concussion of solid bodies.

—M. le Baron Blin, communicated to the Academy a notice
of his experiments with the Syrene of M. le Baron Cagniard
de la Tour.—M. Geoffroy de Saint-Hilaire read the continua-
tion of his memoir on the sections of the cranium.—M. La-
mouroux read a memoir on the geography of marine plants.

Oct. 11. — M. Jomard communicated some information
which he had received from M. Beaufort's expedition into the
interior of Africa : he presented specimens of the butter of
Schaa, and of the oil of palm-trees collected by that traveller.

Dr. Lassis read a manuscript, entitled Notice on the causes

of epidemic disorders, on the means by which it is said they
may be resisted, and on some other points of medical science

equally important.—M. Vaucjuelin gave a report on M. Lau-
gier's analysis of three minerals brought from Ceylon and the
coast of Coromandel by M. Leschenault de la Tour. —
M. Marcel de Serres read a memoir on the fresh-water

strata lately discovered in the vicinity of Cette, near the Medi-
terranean, and below the level of that sea.—M. de Bonard
read a geological memoir on the plains of the Auxois.

Oct. 18.—M. Laugier reail a memoir, entitled Chemical
examination of the Fer oxide [rcsinite of Haiiy) found near
Freiberg.—M. Becquerel read a memoir on the electro-

dynamic effects produced during the decomposition of oxy-
genated water by various bodies, and on other phaenomena
caused by electricity in motion.—M. Brunei, of Varenne, com-
municated a new method of drawing.—M. Benoiston, of Cha-
teauneuf, communicated a notice on M. Casjjcr's work relating

to the uifluence of vaccination on the population of the Prussian

states.—M. Gaymard read some observations on certain mol-
lusca and zoophytes, considered as the cause of the phospho-
rescence of the sea.

Oct. 26.—M. Gazil stated that he wished to submit to the

judgement of the Academy a process of his hivcntion lor ren-

dering
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dering sea-water fresh.—M. Guion Desmoulins announced
that he had discovered a hquid by which sculptures in marble
might be cleaned without injury. —M. Durand, of Cherbourg,
transmitted a memoir, entitled Notice on the formation of

muriatic acid by means of nitric acid and carbon.—M. Mo-
reau de Jonnes read a statistical note on the propagation and
effects of a disorder which had been observed in various coun-

tries, and to which the name of Varioloide had been given.

—

M. Maurice gave a verbal account ofa work by M. Guillaume
Libri on various points of analysis.—M. Dumeril delivered a

verbal report on M. Bremser's " Zoological and Physiological

Treatise on the intestinal Worms of the Human Body."

—

M. Geoffroy de Saint-Hilaire presented a lithographic plate,

entitled Determination of the sections of the cranium in

fishes; composition of the skull in man and in animals.

—

M. Dupetit-Tliouars read a notice on certiiin particularities

of cotyledons and roots.—M. Serullas read a memoir on the

amalgam of potassium, and on the electricity developed by its

contact with water.

Nov. 2.—M. Becquerel announced that he had determined
by experiment the intensity of the electro-dynamic force in

any one )3oiut of a wire uniting the two extremities of a pile,

and that it resulted from his researches that this intensity is

constant for the entire length of the wire.—M. Benoiston de
Chateauneuf, in his rej)ly to a letter which had been ad-
dressed to him, announced that he still continued his re-

searches on the influence of vaccination at Paris and in France.

—MM. Chaptal and Thenard delivered a,repoit on M. Pav-
en's memoir on the pyrites of Grenelle, &c.—M. Magendie
read a memoir, entitled Continuation of the series of ex-
periments on the fifth pair of nerves.— M. Loiseleur des
Longchamps read a memoir on the means of obtaining se-

veral crops of silk in a year, succeeded by some observations
relative to the history of silk-worms.—M. Raspail read a
memoir on the formation of the embryo in the Graminea;.

Nov. 8.—MM. Payen and Chevalier read a note on the
quantity of free phosphoric acid appreciable by means of
turnsol.—M. Cordier made a verbal report on the Traite
elementaire de Mineralogie, by M. Beudant.—M. Dupin read
a memoir, showing the advantages of machinery to the class

of workmen.
Nov. 15.—MM. Dumeril, Cuvier, and Magendie, gave a

report on M. Lauth's memoir relative to the lymphatic ves-

sels of birds.—M. Silvestre gave a verbal account of a work
by M. Marivault, On the Agricultural State of France, and
the means of improving it.

Nov. 22.—M. Hazard junior, presented a work, the joint

produc-
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production of him and M. Pelletier, entitled Researches on

the genus Hirundo.—M. J. J. Meunier announced, in a note,

that he possesses the ancient art of painting and burning glass

with all colours.—M. Geoffroy Saint-Hilaire presented a work,

entitled Synoptic tables explaining the composition of the

skull in man and in animals.— M. Latreille communicated

an analytical table of the natural families of the animals con-

stituting M. Cuvier's division of the Mollusca.—M. Vauquelin

read a memoir, entitled A chemical examination of a green

substance which is formed on the mineral waters of Vichy.

—

M. Arago communicated some experiments relative to the

oscillations of the magnetic needle.—The Academy named

M, Pelletier as a candidate for the chair of Materia Medica

vacant at the School of Pharmacy of Paris.— Dr. Lasserre

presented a memoir on the operation for the stone.—A me-

moir by M. Bonastre on the analysis of the balsam of Canada

was submitted to MM. Vauquelin and Dulong.

Nov. 29.—M. Gaudin communicated a new method of the

application of algebra to geometry.—M. Laurencet read a

memoir on the structure of the brain.— M. Louyer Viller-

met read a Memoir on the number of deaths in France in the

middling and poor classes of people.

W
XII. Intelligence and Miscellaneous Articles.

ERROR IN M. Schumacher's tables.

E are authorized to state that in Professor Schumacher's

Astrvnomische IM/stafeln for 1825, tlie declination of

8 Urs^e Minaris is set down one minute too nmch, throughout

the whole year.

BORON, ITS PREPARATION, &C.

The readiest method of obtaining boron, without losing

too nuich potassium, is to heat the potassium with fluo-borate

of potash. Boron and silicium resemble each other in their

properties nearly as sulphur and silicium, or as phosphorus

and arsenic. I have produced sulphuret of boron
;
a white

and pulverulent substance, which dissolves in water, yielding

sulphuretted hydrogen gas. Boron burns in chlorine. The

chloride of boron is a permanent gas which is decoinposed in

moist air, producing a dense vapour; and in water giving mu-

riatic and boracic acids. It condenses one and a halt tunes

its volume of ammoniacal gas. Bcrzclius—Bib. Vniv. xxvi.

277.
UNICORN".
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UNICORN.
Among the curiosities so liberally sent by Mr. Hodgson,

assistant to the resident at Katmandoo, to the Asiatic Society

of Calcutta, is a large spiral horn said to belong to the uni-

corn, and with it drawings of the animal made by a Bhotea

peasant. The drawings are stated to convey the true image

of a living animal of the deer kind, out of the centre of whose

forehead grows a horn of the description transmitted. The
animal is described as gregarious, graminivorous, and its flesh

good to eat. Its name is chiro; its colour bright bay, and its

dwelling-place the plains of B'hote, beyond the Himalayah,

and especially the woody tract of country situated a kv; days

north-west of Digurche, known to the natives by the name of

Chaugdung. The testimony of the poor Bhoteas, whom
trade and religion bring down annually to Nepaul, appears to

be uniform respecting the existence of this animal, but they

hesitate about procuring it, though urged by the promise of a

liberal reward. They declare that the chiro is too large and

fierce to be taken alive, or to fall under their simple weapons
;

but they sometimes find the horns, naturally shed by the living,

or remaining after the decay ofthe dead animal. These horns

are dedicated to their divinities, and the one obtained by
Mr. Hodgson was brought to Katmandoo to be suspended in

the interior of the temple of Sumb'hooNat'h.

—

Asiatic Journal.

EARTHQUAKE IN PERSIA.

Letters from Shiraz announce, that on the 27th Chavval,

1^239, which answers to the month of April 1824, there had
been an earthquake, which lasted six days and six nights with-

out interruption, and which had swallowed up more than the

half of that unfortunate city, and overthrown the other, as was
the case with the earthquake at Aleppo. Nearly all the inha-

bitants fell victims to this catastrophe ; scarcely five hundred
persons could save themselves. Other letters from Aborkoh
announce that the same shock, but less violent, had been felt

there. Kazroon, a city between Aborkoh and Shiraz, was
swallowed up, with almost the whole of its inhabitants, in con-

sequence of the same earthquake. All the mountains sur-

rounding Kazroon were levelled by it, and no trace of them
now remains.

—

Asiatic Journal.

THE CROCODILE OF THE GANGES.
Dr. C. Abel, of Calcutta, has investigated the structure and

character of the cummeer, or Ganges crocodile, and compared
it with its described congeners, from an individual of great

size, measuring eighteen feet from the extremity of the nose

to
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to the end of the taih It had been destroyed by a spear driven
into the neck at the junction ofthe head with the cervical ver-
tebrae. In most of its external characters it agreed with the
crocodilus biporcatus; except that the toes ofthe latter are re-

presented by Cuvier and Lacepede as more or less united by
membranes or webs; the hind feet of the crocodile proper,
according to Cuvier, are palmated to the extremity of the
toes. This character is wanting in the cummeer, in which the
inner toe of the hind and two inner toes of the fore feet are

perfectly free, not being connected by any membrane. If this

peculiarity be of constant occurrence, it makes the cummeer
not only a new and undescribed species, but it also vitiates

the desci-iption of the family and of the genus of crocodile

heretofore given.

Although the putrescency of the body of the animal pre-

vented any deliberate examination of its internal structure,

the contents of its stomach were exposed, and found to con-
sist of the remains of a woman, of a whole cat, of the remains
of a dog and sheep, of several rings, and of the separated parts

of the common bangles worn by the native women.

—

Asiatic

Journal.

DISCOVERY OF SELENIUM IN THE SULPHURIC ACID MADE FROM
THE PYRITES OF ANGLESEA.

In our last volume we inserted a paper by Professor Scholz,

of Vienna, on the extraction of selenium from the residuum
ofthe sulphuric acid works at Lukawitz in Bohemia, where
the sulphur employed is obtained from pyrites found in the

vicinity of the place, a till then unknown locality of selenium.

We are glad to find, from a communication in the Annals
of Philosophy for January, that seleniferous pyrites are also to

be found in our own country. Mr. I^. P. Thomson, a che-

mical manufacturer of Manchester, in making muriatic acid

uses sulphuric acid prepared from the pyrites of the Paris

Mountain in Anglesea by Mr. R. Mutrie,also of Manches-

ter. The selenium, Mr. Thomson has observed, distils over

with the nuu-iatic acid into the receivers, and in the course

of two or three days it falls to the bottom ofthe vessels in the

form of a reddish-brown substance, which does not appear to

deteriorate the acid in the least. The quantity yielded by the

acid is very small. Mr. Children having submitted a portion

of this red substance to experiment, in order to obtain un-

e(}uivocal evidence of its containing selenium, gives the follow-

ing statement of his results:

A fragment heated on a slip of platina foil by the spirit

lamp, tinged the flame of a beautiful azure blue colour. A
Vol. 6.5. No. S2I. Jan. IH'i.'J. I portion
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portion lieated by the spirit lamp in n glass tube closed at one

end gave off first acidulous water ; some sulphur next sub-

limed and condensed at a little distance from the flame, and

soon after a red substance, which condensed on the sides of the

tube between the flame and the sulphur, and very near the

former. During the sublimation of the red matter, the lower

part of the tube was filled with a yellow vapoin-, a good deal

like chlorine, but of a deeper colour, and an mipleasant odour

w-as exhaled, very similar to that of cabbage water. Alter the

whole of the volatile matter had been sublimed, a fixed dark-

coloured residuiun remained at the bottom of the tube. This

was transferred to another tube, open at both ends, and again

heated ; some more ofthe red sublimate was thus obtained, and

the residuum assumed a grey colour. It amounted to about
"53 per cent, of the weight of the substance operated on, and
on examination was found to consist of earthy matter, princi-

pally silica and lime ; consequently the assay contains about

^V per cent, of volatile matters, by far the greatest portion of

which consists of the red sublimate. The red sublimate had
evidently been ftised and spread over the inner surface of the

tube.

When detached from the tube, a morsel of it imparted the

same beautiful blue colour to flame that has been ah^eady men-
tioned, but more intense.

Another fragment, heated in a tube open at both ends, sub-

limed without giving ofi^any sulphur, exhaling at the same time

a strong odour similar to that of horse-radish. It fused very

readily on being gently heated in a close tube over the lamp,

and remained for some time in a soft pasty state.

These experiments are quite sufiicient to establish the iden-

tity of our red sublimate with selenium, and in external cha-

racters also it perfectly answers the description of that sub-

stance. It has a metallic lustre, and a deep brown colour when
seen by reflected light. Its fracture is conchoidal, and has a

vitreous lustre. It is easily scratched by the knife, is brittle,

and its powder has a deep red colour ; but it adheres toge-

ther readily when rubbed in the mortar, and then assumes
a grey colour, and a smooth and somewhat metallic sxu'face. In
very thin laminae it is transparent, and when viewed by trans-

mitted light has a beautiful cinnabar red colour.

ACCOUNT OF AN EXPLOSION IN A VEIN OF PYRITES.

This explosion took place, sixteen years ago, in the town-
ship of Yonge, near the Lake of the Thousand Isles in the

.St. Lawrence. At the time, a man was seeking his cow in the

woods, within a short distance of the spot. On a sudden he
was
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was startled by a tremeiulous explosion, attended by volumes
of smoke and sulphui'ous odours.

Three years since, on being informed of these particulars.

Dr. Bigsby visited the place. It is half a mile within the
woods north of the road from Brookville to Kingston, near
to the easternmost of two creeks, about ten miles from the

former town.

He found, on the summit ofa quartzose mound from 30 to 40
feet high, a round cavity, 12 feet deep, 12 long, and 9 broad.

Its sides consisted of very shattered quartz, spotted brown by
oxide of iron, and covered profusely with acicular yellow and
white crystals of sulphur. The lower parts of the cavity were
studded with masses of iron pyrites, of which there is a vein

at the bottom of the cavity. It is a foot and a half thick, and
disseminates itself into the surrounding quartz. This vein

may be seen, running east with a very high dip, to the distance

of a yard and a half.

Similar phaenomena have been noticed in a mountain in

Vermont {vide American Journal of Science for Feb. 1821),

and in the country towards the head of ihe Missouri [vide

Travels, of Captains Lewis and Clarke).

—

Geol.Trans.ip- 209.

ON RED SANDSTONE.

As much discussion has taken place among geologists within

these few years respecting the various formations of Red Sand-
stone, we think it may be useful to give the opinion on the

subject of Professor Buckland and the Rev. W. D. Conybeare,

as stated, with a concise but comprehensive view of its history,

in their Observations on the South-western Coal District of

England; Geol. Trans, sec. ser. p. 314.

In the south-western coal-district of England we have three

formations of red sandstone, the newer red sandstone, the

millstone grit, and the old red sandstone, all liable to be con-

founded with one another, owing to their prevailing red colour

and to their containing beds of conglomerate ; and as similar

rocks occur, very similarly placed, in various })arts of the

earth's surface, we find three opinions nuiintained concerning

red sandstone, and each moret)ver supported by indisputable

facts : one, that it lies over the coal-measures ; another, that

it lies beneath them ; and a third, that it is a member of the

coal-fornuition

The term old red sandstone was origiruiUy applied by Wer-
ner to a formation analogous in character and geological po-

sition to oiir newer red sandstone. Examples of the rothe

todte Liegende, or old red sandstone of Werner, lying over

the coal-measures, may be seen at Norhauscn on the borders

I 2 of
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of the Hartz, and at the Wintberg mountain, a few miles to

the south-west of Dresilen, on the edge of the Dresden coal-

field. It is to this overlying formation of red sandstone that,

in our opinion, the associated jnesence of large masses of salt

and gypsum is exclusively confined.

The old red sandstone of English geologists, and the moun-
tain limestone which covers it, great as is the thickness and

importance of each formation, are not recognised in the classi-

fication of rocks which Weiner himseH" has drawn up. An
example of both these rocks, identical with their types in

England, and emerging I'rom beneath the coal-measures, may
be seen at Huy in the district of the Meuse, between Namur
and Liege.

The millstone grit affords the best example in the south-

western coal-field of a red sandstone belonging to the coal-

measures. Rut occasionally even in this coal-field, and very

frequently in the coal-districts on the continent, all the coal-

grits acquire a red colour; and for this reason we now find it

to be the prevailing opinion among continental geologists, that

tlie grcs rouge is a member of the coal-formation.

It is by their relative position to one another as well as to

other rocks, that these sandstones are best to be distinguished

;

but when these points remain obscure, we nuist have recourse,

for the purpose of discrimination, to some of the internal cha-

racters detailed in the preceding memoir ; such, for instance,

as can be observed in the conglomerate beds from the nature

of their imbedded fragments, which, should they be indubi-

table fragments of old red sandstone, mountain limestone, and
the coal-measures, would lead us to refer the disputed forma-

tion to the newer red sandstone.

The distinguishing characters and relative position of these

three formations of red sandstone having been only partially

attended to, and much confusion having thence arisen,—in

order to remove it, an eminent geologist has proposed the ex-

))edient of throwing them all together, and regarding them as

belonging to one formation of sandstone, in which are con-

tained subordinate beds of limestone and coal. This view of

the subject may appear at first sight to introduce an advanta-

geous simplification ; but for the following reasons we cannot

consent to adopt it.

With regard to the grits of the coal-measures and of the

old red sandstone, since they lie conformably to one another,

it may sometimes perhaps be found convenient, in an extended
sense, to class them under one formation ; and should it hap-
pen that both are of a red colour, and (as is the case in Shrop-
shire) that the mountain limestone,which usually divides them,

has
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has disappeared, it may then be difficult in tact to distinguish

between them. But between both of these and the newer red
sandstone there is a complete and total separation. To those

rocks the newer red sandstone is unconformable in position,

and whenever in contact with them reposes on their basset

edges : it is usually unaffected by the faults and disturbances

to which they are subject ; it is itself partly made up of the

fragments derived from their ruins ; and must therefore have
been deposited after their consolidation, dislocation, and partial

destruction. It is impossible, therefore, to imagine any
stronger grounds on which any two series of rocks can be re-

garded as distinct : and should we agree to throw these to-

gether, we might with equal propriety consider all groups of

strata, in which beds of limestone occur, as belonging to one
great calcareous formation, and treat as subordinate all the

rocks that happen to alternate with limestone. But this

would be in fact to confound together almost all the rocks

with which we are acquainted.

PRODUCE OF THE COPPER MINES OF GREAT BRITAIN.

Quantity of copper raised from the mines of Great Britain

in the last six months, ending December 31, 1824:

Quantity of Ore. Quantity of Copper.
Toils. Tons. cwt. qrs.

Mines in Cornwall . . . 53,514 . . . 4, 119 16 2

Devon .... 3,030 ... 308 1 2

Various mines, including 'i

Ireland, sold in ore at > 2,598 ... 250 12 3

Swansea .... J
59,142 4,678 10 3

Anglesea and Stafford- 1 „^q „ „

shire estimated at . /

5,028 10 3

The 4427 tons, 18 cwt. of fine copper raised in Corn-

wall and Devon is the produce of 80 mines, of which the fol-

lowing six are the principal :

Ores. Fine Copper.

Consolidated Mines . . . 7767 tons 712 tons.

EastCrinnis 3677 . . 309

'^\
Beauchamp .... J

Wheal Friendship (Devon) 1757 . . 220

Pembroke 4221 . . 216
Dolcoath 3418 . . 215

1899 tons.

Copper ores arc weighcti at ^1 cwt. lo the ton, and fine copper at SJO cwt.

OPENING

Wheal BuUer and Wheal f nooa 227
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OPENING OF A MUMMY.

On Thursday evening, 9th Dec, was unwrapped at the Bris-

tol Institution the body of an Egyptian mummy, which it is

understood was removed by Mr. Salt from a catacomb in the

Thebais, and sent down the Nile to Alexandria, and thence

to Bristol. The case, which was beautifully covered with

hieroglyphics, exhibited rather the copper-coloured counte-

nance of a Nubian, than the expanded forehead and wide eyeT

sockets of an Ethiopian. The upper part of the shell being

removed, thei'e arose a peculiar, but not unpleasant, odour.

The body was remarkably light, and wrapped up in a multi-

tude of folds of cotton cloth, which was stained of a yellowish

brown colour. Upon the removal of the circular bandages,

there appeared a long wi'apper fi'om the chin to the toes, with

a double border of blue stripes in front. The innermost layer

of cloth was soaked in naphtha, asphaltum, or some bitumi-

nous substance, combined probably with natron. The skhi

was blackened, and the neck and one of the hands had been

attacked by a peculiar sort of coleopterous insect, apparently

a dermestes. In other respects, this curious specimen of anti-

quity was very perfect, indeed much more so than usually hap-

pens. It was the body of(probably) a young female. The hands

were placed straight upon the thighs, and not, as most fre-

quently happens, across the bosom. The hair upon the head

was perfect, of a brownish auburn colour, short, but not at all

wearing the character of a negro's. The contour ofthe coun-

tenance strengthened the opinion that the subject belonged to

a province closely bordering upon the confines of Egypt. The
coverings of the chest and stomach being removed, exhibited,

in high preservation, the heart and lungs, and all the intestines:

indeed it did not appear that any part had been removed.

Whether the brain had been extracted was not ascertained

;

neither were the teeth examined, as it was thought advisable

to subject the head altogether to a more leisurely and minute
observation.

EARTH^UAKK IN SUSSEX.

On the 6th of Dec, a few minutes before two o'clock in the

afternoon, a shock of an earthquake was very generally felt at

Portsmouth and its neighbourhood, also at Havant, Emsworth,
and Chichester. The shock, although it was not accompanied
by any report, put both light and heavy furniture in a ti'emor

for about four seconds of time. The floors seemed to heave
up a little, the windows in consequence .^liook as they do by
means of heavy gusts of wind ; and suspended articles, as bird-

cages,
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cages, &c., oscillated some seconds after the shock had subsided.

There was no unusual appearance in the state of the sky, or

about the sun at the time ; but during the morning the sky

had been filling with light clouds, and soon after the shock

a stratum of low electric clouds sprang up with the wind from

the S. W., and the upper stratum changed from a grey to red

and lake colours some time before the sun had set. If the

shock was not caused by the explosion of a meteor, it probably

was the effect of the earth sinking somewhere in the southern

part of England, in consequence of the great quantity of rain

that has fallen during the last three months. It is now about

twelve years since the last shock was felt here, which occurred

in the night, and was more violent than this one.

Chichester, Dec. 8.

The earthquake here on Monday was very alarming. Many
families ran out of their houses in great trepidation ; several

people felt the chairs move under them. The bells rang in

many houses, and glasses jhigled. In the market-house, ap-

ples were seen rolling off the stalls. At Aldwick and Bognor

it was also very sensibly felt, as likewise in the parts adjacent.

Another account.—Monday afternoon, about two o'clock, the

shock of an earthquake was very sensibly felt in the city of

Chichester, which alarmed a considerable portion of its inha-

bitants, many of whom ran into the streets in the greatest con-

sternation, under the impression that their dwellings were ac-

tually falling. In several houses the bells were set a-ringing, and

the window-blinds unrolled ; and one individual states, that he

was sitting in a small room, and distinctly saw the walls move

from south to north out of their perpendicular, and as instan-

taneously resume their position. The shock lasted from three

lo five seconds. We have not heard that it was felt further

in this direction than the vicinity of Arundel. Many persons

imagine that there has been an earthquake in some place abroad,

as in the year 1812 a shock, but much slighter, was experi-

enced in Chichester; which at the time proved so destructive

to property in the city of Caraccas, South America.— H«rH/)-

shire Teleg.

ROPE BRIDGES IN INDIA.

These bridges are called Portable Rustic Rope Bridges of

Tension and Suspension, and they are exactly what the name

describes. A few hackeries will carry the whole materials,

and the appearance of the bridge is rustic and jjicturesque.

They are distinctly bridges of tension and suspension, having

no support whatever between the extreme points of suspen-

sion independent of the standard piles, which are placed about

iiftt'in feel from the banks of the nullah, or river, except wliat

tlU'V
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they derive from the tension, which is obtained by means of

purchases appUed to a most ingenious combination of tarred

coir ropes of various sizes, lessening as they approach the

centre. These form the foundation for the pathway, and are

overlaid with a light split bamboo frame-work. The whole

of this part of the fabric is a fine specimen of ingenuity and
mathematical application. One great advantage it possesses

is, that if by any accident one of the ropes should break, it

might be replaced in a quarter of an hour, without any injury

to the bridge. It is impossible in this article to give so par-

ticular a description as to render its minute parts clear, nor

in fact can any description do so unaccompanied by the plan.

The chief principle of its construction is the perpendicular

action of its weight, a principle obviously of paramount neces-

sity in this country, where the soil is so loose, and offers so

little' resistance—and moi'e particularly in relation to the spe-

cific purpose for which they were invented. The whole weight

of the bridge, therefore, resting on two single points, so far

separated, and unassisted either by pier-head or abutment,

rendered its construction a matter of extreme delicacy, and it

has been effected in a manner reflecting the highest credit on
the genius of the inventor. The combination of lightness

with security, and the adaptation, to the utmost nicety, of the

required proportionate strength to the parts, form its chief

characteristics. The tension power is wholly independent of

the suspension.

The bridge which was placed during the last rains over the

Berai torrent was 160 feet between the points of suspension,

with a road-way of nine feet, and was opened for unrestricted

use, excepting heavy-loaded carts. The mails and banghees
passed regularly over it, and were by its means forwarded
when they would otherwise have been detained for several

days. The last rainy season was the most severe within the

last fifty years, and yet the bridge not only continued service-

able thx'oughout, but on taking it to pieces it was found in a
perfect state of repair. The bridge intended for the Caram-
nassa is 320 feet span between the points of suspension, with

a clear width of eight feet. It is in other respects the same
as the Berai torrent bridge. A six-pounder passes over with
ease ; six horsemen also passed over together, and at a round
pace, with perfect safety.

We have no doubt but that these bridges will eventually

become general. During the rains there will be three of
them on the great military north-west road to Benares, and
we feel satisfied their utility will be finally established at the
conclusion of the season.

—

Calcutta John Bull.

RUSSIAN
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RUSSIAN CHAlN-BRID(iK.
A chaiii-brldge, the first of its kind in Russia, is about to

be constructed over the canal of Moika. It will be executed,
after the design of Colonel Dufour, of Geneva, who has sent
to St. Petersburgh a correct model of one which he erected
in his own country last year.

RAIL-ROADS—LOCOMOTIVE STEAM-ENGINES.
On the 1 7th instant a grand experiment as to the power

of locomotive engines was performed at Killingworth Col-
lier}', near Newcastle-upon-Tyne, in presence of several gen-
tlemen from the committees of the intended Manchester and
Liverpool and Birmingham and Liverpool rail-road compa-
nies—when thjs result was as follows : The engine being one of
eight-horse power, and weighing, with the tender (containing
water and coals), five tons and ten hundred weight, was placed
on a portion of rail-road, the inclination of which, in one mile
and a quarter, was stated by the proprietor Mr. Wood to

be one inch in a chain, or one part in 792 : twelve waggons
were placed on the rail-road, each containing two tons and
between 13 and li hundred weight of coals—making a total

useful weight of 32 tons and 8 cwt. The twelve waggons were
drawn one mile and a quarter each way, making two miles and
a half in the whole, in forty minutes, or at the rate of 3| miles

an hour, consuming four pecks and a halfof coals. Eight wag-
gons were then drawn the same distance in thirty-six mjnutes,

consuming four pecks of coals ; and six waggons were drawn
over the same ground in thirty-two minutes, consuming five

pecks of coals. Our correspondent also mentions, that the en-

gine must be supplied with hot or boiling, and not with cold

water ; and that two hundred gallons of water will take the en-

gine 14 miles, at the end of which the supply must be renewed.
—Morn. Chron.

Calendar of Flora, Fauna, and Pomona, at Hartfield in Sussex

{continued), fjom December 20, 1824, to January 20, 1825.

Dec. 20.—Weather mild and moist. The following plants

in flower here and there : Tussilu<io fragrans in great abun-

dance; Polyanthus, Primrose, Periwinkle, Leopard's-bane,

Marigold, Lauriistinc, Wallflower, and Stock.

Dec. 21 and 22.—Wind and rain, and very damp. Very

few berries on the Holly, and in general the hedges arc very

bare of berries. Misletoe in abundance : one was brought to

me of immense size. Dec. 25. Christmas Day.—The
Christmas Hose or White Hellebore is coming into flower.

Dec. 28.—Much wet, and floods in the meadows.

Dec. 31.

—

lldleborns liiicmalis in full flower. Weather

Vol. G5. No. 321. ./«H. 1825. K wet,



74> Calendar ofFlora, Fauna, and Pomona.

wet, windy and mild. A flower or two on old Marigolds

and on the Pnrple Hepatica. Daisies in abundance.

1825. Jan. 3.—It is very unusual at this time to have such a'

number of plants bearing flowers as we now have : The Great

Leopard's-bane, Polyanthus, Primrose, Lychnis dioica, An-

tirrhinum Cymbalaria, Galium Mollugo, G. j)(dustris, and

G. Aparine; Thlaspi Bursa Pastoris, and many Confervas.*

Jan. 8. — Barometer as high as 30-60 f; a clear day

aofain. This winter in one respect resembles that of 1816-17 ;

namely, that we have rapid changes from slight frost to warm
rain without any permanent weather. Jan. 20.—Thrush,

Redbreast, and other birds begin to singif.

* On Frulay, January 7th, the bees were flying about in the garden of

Rose Mount. Sunday the 9th resembled a day in March. Tlie sky was

without a cloud, there was scarcely a breath of wind, and in the country

in the morning the Blackbirds were singing as if welcoming the spring.

The pastures have a fine, fresh and healthy appearance, the wheat braird is

strong, thick in the ground, and nearly covers the soil. Vegetation is going

on inthe gardens, and the usual spring flowers are making their appearance.

The Christmas Rose, the Snowdrop, the Polyanthus, the single or border

Anemone, the Hepatica in its varieties, and the Mezereon are in full bloom.

The Narcissus is making its appearance, and the Crocuses are showing co-

lour. This morning, at six o'clock, the thermometer in Nelson-street in-

dicated 44 degrees. On Sunday the barometer gained the extraordinary

height of 31-1)1 ; this morning it is at 30"8.

—

G/asgoiv Chj-onicle.

\ On the !)th the barometer with us reached 30'80, and is said to have

been as high at Worcester as 30-96.

—

Edit.

\ The Editor of the Norwich Mercury says. There is now standing

upon the mantle-piece of the room in which we write, a glass containing a

Rose, a Pink, Primroses, Violets, Polyanthuses, Stocks, and Wall-flowers,

all grown in the open air, and plucked from our garden a day or two ago.

On the 17th we heard the Thrush singing for the first time this spring-

winter.

—

Costessey, Jan. 20.

The winter has been remarkable for mildness on the other side of

the Atlantic, as appears from the following extract:—"We cannot call

to mind in our own time a solitary instance of the same continued mild-

ness of weather at the same season of the year. In almost every section

of the country the weather seems to have been equally pleasant.—The
Savannah Republican says, ' The beautiful idea of the poet—of ^yinter

lingering in the lap of May '—is at this time completely transposed in our

climate, for May is smiling in the arms of December. Our thermometers

are more than thirty degrees above the usual freezing point of the season.

The grass begins to dress itself in green ; the sweet jessamine and wood-

bine in the gardens of our city have expanded their fragrant leaves, and

j)resent to our view full-bloom flowers ; the rose partially covers its stem

with luxuriant leaves, and the infant bud of Flora's favourite modestly be-

gins to peep forth through the sheltering foliage ; the trees of every de-

scription start their buds to join the jubilee ; the peach is in full bloom,

and the mocking-bird, the early messenger of spring, chants forth her

praises for the continuance of mild and congenial airs.'—Both Savannah

and Darien papers speak of ripe mulberries and danisons. Peaches have

already swelled to the size of a nutmeg.—The North River is nearly if not

Suite free from ice as far as Troy."

—

New York Commercial Advertiser,

'ec. 31. The



Zoology.—List ofNexo Patents. 75

ZOOLOGY OF SCOTLAND.

The number of vermin killed by Richard Burniston, the

(Tamekeeper to Lord Gwydyr, on the district of Callander,

Perthshire, from December 1823 to December lS2i, gives

us a good idea of this branch of natural history on the High-

land Border:—4 foxes, 1 otter, 9 badgers, 29 martin cats,

11 wild cats, 22 pole cats, 1 stoat, 2 weasels, 12 hedgehogs,

61 house cats, 111 gledesj 105 ravens, 22 hawks, 136 hooded

crows, 2 owls, 3 daws, 31 magpies, 1 1 jays. The above quan-

tity, 573 head, were killed with traps precisely in one year.

LIST OF NEW PATENTS.

To William FrancisSnowden.ofOxford-street, in thei)arish of St.George,

Manover-square, Middlesex, machinist, for his invented wheel-way and its

carriage or carriages for the conveyance of passengers, merchandize, and

other things along roads, rail and other ways, either on a level or inclined

plane, and applicable to other purposes.—Dated 18th of December 1824.

—6 months to enrol specification.

To John Weiss, of the Strand, Middlesex, surgical-instrument maker

and cutler, for certain improvements on exhausting, injecting, or condensing

pumps or springs, and on the apparatus connected therewith, and which

said improvements are applicable to various useful purposes,— 18th Decem-

ber.—6 months.

To James Deykin and William Henry Deykin, of Birmingham, button-

makers, for an improvement in the manufacture of military and livery but-

tons.—23d December.— 2 months.

To Daniel Stafford, of Liverpool, for improvements on carriages.—24th

December.—C months.

To Samuel Denison, of Leeds, whitesmith, and John Harris, of Leeds,

paper-mould maker, for improvements in machinery for the purpose of

making wove and laid paper.— 1st January, 1825.—6 months.

To Pierre Erard, of Great Marlborough-street, Middlesex, musical-in-

strument maker, for certain improvements in piano-fortes.—5th Januai-y.

—

G months.

To Alexander Tilloch, LL.D., of Islington, for improvements in the

steam-engine or apparatus connected therewith.—11th January.—Gmonths.

To William Henson and William Jackson, both of Worcester, lace-

manufacturers, for improvements in machinery for making bobbin-net.

—

11th January.—6 months.

To Goldsworthy Gurncy, of Argyle-street, Hanover-square, surgeon, for

his improved finger-keyed musical instrument, in the use of which a per-

former is enal)led to hold or prolong the notes and to increase or modify

the lone.— 1 1th January.— G months.

To PVancis Gybbon Spilsbury, of Leek, Staffordshire, silk-manufacturer,

for improvements in weaving.— 1 Itii January.—6 months.

To William Hirst, of Leeds, cloth-manufacturer, for improvements in

spinning and shabbing machines.— 11 th January.—G months.

To John Frederick Smith, of Dnnston Hall, m the parish of Chesterfield,

Derbyshire, es(|uire, for imi)rovements in the |)rc|iaration of slivers or tops

from wool, cotton, or other fibrous materials.— II th January.— (i months.

To .John Frederick Smith, of Dunston Hall, Chesterfield, cs(|uire, for

improvements in dressing and finishing woollen cloths.— 11th January.

—

6 n)onths.
K 2 To
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To James Falconer Atlee, of Marchwood, county of Soiitliiunpton, for a

process by which planks and other scantlings of wood w ill be prevented from

shrinking, and will be altered and materially improved in their durability,

closeness of grain, and power of resisting moisture, so as to render the same

better adapted for ship-building and other building purposes, for furniture

apd other purposes where close or compact wood is desirable; insomuch that

the wood so prepared will become a new article of commerce and manu-
facture, which he intends calling " condensed wood."— 1 1 th Jan.—6 months.

To George Sayner, of Hunslet, in the parish of Leeds, Yorkshire, dyer,

and John Greenwood, of Gonicrsall, in the said county, machine-maker,

for improvements in the mode of sawing wood by machinery.— 11th Janu-

ary.—6 months
To Thomas Magrath, of Dublin, for his composition to preserve animal

and vegetable substances.— 11th Januarj*.—6 months.

To Thomas Magrath, of Dublin, for his improved apparatus for conducting

and containing water and other fluids, and preserving the same from the

effects of fi-ost.— 11th January.—6 months.
To John Phipps, of Upper Thames-street, stationer, and Christopher

Phipps, of River, Kent, paper-maker, for improvements in machinery for

making paper.— 11th January.— 6 months.
To William Shelton Burnet, of London-street, London, for a new

method of lessening the drift of ships at sea and protecting them in gales

of wind.— 1 1 th January.—G months.
To Jonathan Andrew, Gilbert Tarlton, and Joseph Shepley, of Crumps-

hall, near Manchester, cotton-spinners, for improvements in the machme
used for throstle and water spinning of thread or jam, which improved ma-
chine is so constructed as to perform the operations of sizing and twisting in

or otherwise removing the superfluous fibres, and of preparing a roving for

the same.— 11th January.—6 months.
To John Heathcoat, of Tiverton, lace-manufacturer, for improvements

in machinery for making bobbin-net.— 12th January.—6 months.
To William Booth and Michael Bailey, of Congleton, Cheshire, ma-

chinists, for improvements in spinning, doubling, throwing, and twisting silk,

wool, cotton, flax, &c.— 13th January.— 6 months.
To Joseph Lockett, of Manchester, engraver to calico-printers and

copper-roller mv\nufacturer, for improvements in producing a neb or slob

in the shell or cylinder, made of copper or other metal, used in the print-

ing of calico, &c.— 14th January.— 2 months.
To William Rudder, of Egbaston, near Birmingham, cock-founder, for

certain improvements in cocks.— 18th January.— 6 months.
To William Church, of Birmingham, for improvements in casting cy-

linders, tubes, and other articles of iron and other metals.— 18th January.
—6 months. —

METEOROLOGICAL nEGISTER AT WICK.

To the Editws ofthe Philosophical Magazine andjournal.
Gentlemen,

As you have announced to the pubHc that the Meteorologi-

cal Register kept at Wick, and published in the last Number
of your valuable Magazine, came from me, it is but right that

I should name its author—Kenneth MacLeay, Esq. of New-
more, who has for some years past been sedulously occupied
in studying meteorology at the northern extremity of our
island. I am, &c. W. S. MacLeay.

Summaries
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ANNUAL RESULTS.

Barometer.

Highest observation, Jan. 16th. Wind N.W.
LoWest observation, Nov. 23cl. Wind S.E.

Range of the mercury
Mean annual barometrical pressure

Greatest range of the mercury in January ...

Least range of the mercury in May
Mean monthly range of the mercmy
Spaces described by the different oscillations

Total number of changes in the year

Six's Thermometer.

Greatest observation, July 14th. Wind S.E.

Least observation, March 3d. Wind N.

Range of the mercury in the thermometer

Mean annual temperature

Greatest range in September
Least range in February

Mean monthly range

Winds.

North
North-East
East
South-East
South
South-West

Days.

58
52
13

19

38

70

West
North-West
Variable . .

.

Brisk

Boisterous

Inches.

30-780

28-210

2-570

29-770
2-210

•940

1-349

79-070

162-000

86° 000'

22 000
64 000
47 683
54 000
25 000
34 916

Days.

... 59

... 31

... 26

... 42

... 39

Inches, &c.

6-25

1-16

36-74

, 117-00

15-00

5-00

Rain, Sfc.

Greatest quantity in October ...

Least quantity, January and July

Total amount for the year

Days of rain

Days of snow
Days of hail

Remarks.—The mean temperature of the year just elapsed

very nearly corresponds with that of 1819, and the amount of
rain, which is about 6 inches less than in the preceding year,

is on a similar par with that for 1822. Upwards of 20 inches
it will be observed have fallen since the 1st of September, two-
thirds of which fell by night, and frequently attended with
most boisterous gales. J. S.

New Malton, January 3, 1825.

A METEORO-
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METEOROLOGICAL TABLE.

Extracted from the Register kept at Kinfauns Castle, N. Bri-
tain. Lat. 56° 23' 30".—Above the level of the Sea 129 feet.
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XIII. On the Method ofthe Least Squares. By J. Ivory, Esq.
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[Continued from p. 10.]

I
N the last Number of this Journal I have attempted to de-
monstrate the method of the least squares without havino-

recourse to the doctrine of probabilities. It must be remem-
bered that the demonstration, in whatever way we attempt it,

must inevitably contain something vague. But the arguments
that have been adduced for preferring the solution by the me-
thod of the least squares to every other, appear to be pei'fectly

sufficient and conclusive as far as the nature of the problem
will admit. If the proof by the doctrine of probabilities be
more formal, it is not on that account more satisfactory ; be-
cause it involves precarious suppositions which cannot possi-

bly be rigorously exact. But in order to derive the greatest

practical utility from a system of equations of condition, it

becomes necessary to connect the solution of them with the
rules of cliance : and we now proceed to treat the problem in

this view of it.

1. It is perfectly impossible to ascertain with mathemati-
cal precision the probability of the error of an observation.

There is even no proof that the probability will in all cases

depend precisely in the same manner upon the magnitude of
the error. All that can be accomplished in this theory is to

adopt the suppositions that are least likely to deviate much
from the truth.

Experience shows that great errors occur less frequently

than small or middling ones. If we push this principle to

the utmost length, the function <p{e), which denotes tlie pro-

bability of the error c, will be greatest when e = 0, and it

will decrease as e increases. Again, abstracting from errors

that are affected by a constant cause, and confining our at-

tention to such only as are irregular and fortuitous, the

errors + e will be e(jually probable, which requires that

Vol. 65. No. 322. Feb. 1825. L f {e)
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f(e) = <p{ — e): and, as it is most reasonable to suppose that

f {e) is a continuous function, at least within certain limits, it

follows that <p{e'^) is the proper expression of the probability

of the error e.

All the errors being contained between certain definite li-

mits, suppose +y; the function ^{e'^^) will be evanescent
when e is equal to or greater than +/'. Therefore, strictly

speaking, ^ (^) must be a discontinuous function, having real

values only between the limits +J', and no values at all be-

yond the same limits : but this condition will be sufficiently

fulfilled if ip (e^) be evanescent when ^ is infinitely great, and
have a very small value when e' =f.
The function tp (e') may be regarded as the ordinate of a

curve, corresponding to the abscissae + e ; and the small area
de (p (^) will denote the probability of an error between the

limits e and e + de. Wherefore the integral J"dcf (e"^), taken
from e = a to e = b, will express the probability of an error

between the limits a and b. And because all possible errors

are contained between +^ or + cvd; it follows thatyc?e(p(«*),

between the same limits, must be equal to unit, the expression
of certainty.

These are properties which it is essential that the function

expressing the probability of an error must possess. Let us
next consider the probability of the simultaneous existence of
a number of errors.

2. The several errors e, e', e", &c., are independent of one
another, since they arise from separate observations ; their re-

spective probabilities are, (p {e% (p {e"^), (p (/'*), &c. ; wherefore,

by the known rules, the probability of their simultaneous ex-
istence is the product,

<p{e''-).<p{e'^).^{e"-)hc. (P).

Now as every factor is always positive, and is evanescent
when the error is equal to + oo ; it follows that the product
will have a maximum relatively to every error, and hkewise
an absolute maximum for certain definite values of all the
errors. If the errors be functions of .r, y, &c., the equations
of the several maxima will be,

"
" + &c. = 0,

4 &c. = 0,

and all these equations together will determine the values of
x,y, &c. which correspond to the absolute maximum.

Again, let \t/ denote a rational and integral function of e*,

e", r', &c., consisting of positive terms only. The function

will

1
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will therefore be always positive, and it will become infinitely

great whenever any of the errors is equal to ± cs=. There

will therefore be a minimum relatively to every error, and an

rbsolute minimum for certain definite values of all the errors.

The equations of the several minima are respectively,

d^ ifl , 1± . Ill + &c. = 0,

de^ dx ^ de" dx
,q^

i± ifl + ll.i^ + &c. = 0,

de* ; dy ^ def^ dy

and all these equations together determine the particular

values of x,y, &c., in the case of the absolute minimum..

Let us now suppose that the most probable values of 4^ are

the several minima, and consequently that the absolute mini-

mum is the most advantageous, or the most probable, value

7^11: then, since the probability of 4^ - J"st the same as

that of the simultaneous existence of the en'ors which enter

into it, that probability will have the product (P) ^^ ^
ex-

pression. Wherefore, in the supposition we have made, it

Llows that the minima of one function will take place at the

same time with the maxima of the other; and hence we get

these formulae, viz.

1 d.<>(e-_)_ __ ^9 ±i_
"^(e^) • de»

• de«'

1 d.(p{e<'^) _ ^2 ^

<^^

&C

which render the equations (B) and (C) identical, all the lat-

ter being first multiplied by the arbitrary quantity A .
Now

kis manifest that these formulae cannot be satisfied unless 4^

liave this form, viz.

4, =/(.') +/(^"0+/(^'") + &c.;

in which case all the formulae are contained in one, viz.

_1 djif) __ j^^
dfje"')

(f (e'O
' de'^' • d e» '

which determines the function ^.

If the probabilities of the several erjors ., ^, ^,
&c. be ex

pressed by different functions, viz. <^{^\fV% ^ (^ )'
&c., it

will follow that 4* must have this form, viz.

and then the several formulae will determine the functions

'^'

t! iti'onler to apply the foregoing reasoning to a system of

equations of c.idiK we must recollect that the mo^t^ad^^^
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Tantageous, or the most probable, solution is when the sum

of the squares of the errors is a minimum. Hence

vl/ = ^ + f'= + e"^ + &c.

;

consequently

c being the base of the hyperbolic logarithms. It has been

shown that the integral

fde<p{e'^)=k/dec-''"'\

taken between the limits + cv), must be equal to unit: and

hence -ft'cj * —
kfd ec =— . y'7r=l;

wherefore h = —^^, and

In order to determine h we must employ another considera-

tion. The integral

f(^de.(^{e^) = -^/e' dec~^'^^

taken between the limits + cv), is equal to the sum of the

squares of the errors multiplied by their respective probabi-

lities ; and it is therefore the limit to which the mean of the

sum of the squares of the errors converges as the number
of the observations increases. Now the integral is equal to

-—rj-; and, ifwe denote by e, e, e", &c., the errors of the most

advantageous solution, or those of which the sum of the

squares is a minimum, we shall have very nearly when the

number of observations is great

1 _ t^ + i^ -f t"a -f &c.

n being the number of the errors. Hence, employing the

summatorial prefix S, we get.

^=n/2^
Thus every thing is known in the function expressing the

probability of an error. The quantity h may be considered

as measuring the precision of the observations. For— is

s «*

proportional to —^— ; and as the latter quantity is independent

of
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of n when the number of the observations is great, it follows

that — will be greater or less according as the errors, taken

upon the whole, are more or less considerable ; that is, ac-

cording as the observations are less or more exact.

4. Let lis now consider this system of equations of condi-

tion, viz.

e = a X -{ by + c z — m
e' = a' X + Vy -i- c' z — m'

e"= a"x + Wy + c"z — w"
&c.

the quantities x, y, 2, as well as e, e', e", &c., being indeter-

minate. Put e, g', e'', &c. for the particular values of ^, e', /',&c.
in the most advantageous solution, or when the sum of the
squares is a minimum ; and let A, B, C be the corresponding
values of x, y, s, : we shall have

e=aA + iB + cC — OT

g' = a' A + A' B + c' C — to'

i"=a"K + b'<B + d'C-m"
&c.

and A, B, C will be found from the equations of the minima, viz.

as f a'e + a"e" + &c. =
bi + b' i + b"e' + &c. =
c H + c e' + c"e" + &c. = 0.

Again, let x = A + u

y = 'Q \- V

z = C + W
and we may regard ii, v, w as the respective errors of A, B, C.
Substitute now the expressions of x, y, z, in the values of «•,

^, e", &c., and we shall have

e = s +au + bv + c'w
e' = e' + a' u + b'v + c'w

e'= e'' + a"u + b"v+ c" la

&c.

Further, put ><. = {au + b v+ c wy
+ {a'u + b'v+ c wf
+ {a"u-\-b"v-\-c"'wf

-i- &c.

then square the values of e, e^, e", &c. ; add the results into

one sum ; and leave out the terms which, on account of the

equations of the minima, are equal to zero ; we shall get

S . ^^ = S . e' -1- A.

Now the probability of the function S .e* is equal to that of

the simultaneous existence of the errors whose squares are

added
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added together : it is therefore proportional to the product

(P), or to the exponential quantity

c = c

"Wherefore leaving out the constant factor, the probability of

S . e\ or, which is the same thing, the probability of the

simultaneous existence of the eri'ors 7i, v, iv, is proportional to

c

In order to find the separate probability of the error m, we
must take the sum of all the values of the tbregoing expression

that arise by combining u with every possible value of v and

w. it is therefore proportional to the fluent,

J dvdwc ,

both the integrations being executed between the limit +c\3.

To determine the integral, expand the squares in the value

of A, and collect the like terms ; then

\ = ti^ S . a^ + v^ S .b'+ 11^ S .c^

+ 2uvS .ab + 2uwS.ac + 2 vwS .be.

Again, assume i = Pm,
f = P'u + QVy
r=P"«H-Q'T>+ Rw,

and determine the arbitrary coefficients so as to satisfy the

condition

\ = t^ + t'^ + ^'K
By equating the coefficients of the like terms of this equation,

we shall get
px + p'. + p''» = S . a', P'Q + P"Q'= S . a 6,

Q'+Q'»=S.JS P"R = S. ac,

R^ -S.c\ Q'R = S.bc.

Hence we obtain P* = — ; the values of M and N being as

follows, viz.

M ~S. a^ xS.b' xS.c^ + 2S. ab xS.ac xS. be
-S.a*x{S.bcY-S.b^x{S.acY-S.c^x{S.a b)*.

N = S.b'xS.c'—{S.bcY:

and it is easy to prove that M and N will be always positive.

It will not be necessary to determine the other coefficients.

We shall now have

J dvdwc =-^r^.Jdtdtc ,

the limits of the integrations being the same as before.

Wherefore the probability of the error u is proportional to

-£-''\rdt'c-''"*'\fdt"c-''''""; and
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and as the integrations produce constant quantities only, the

same probability will be equal to the expression,

The constant k will be determined by observing that the in-

tegral

kj due J

taken between the limits ±co, comprehends every possibje

error, and it must therefore be equal to unit. Hence —^-p—

= 1 ; and k = "^.. Wherefore, finally, the probability of

the error u, in the value A. found by the method of the least

squares, is equal to

^'
If we compare this expression with the error of an ongmal

observation, it will appear that the precision of A, the value

of the element found by the method of the least squares, is

to the precision ofthe actual observations, as h P to //, or as

P to 1. The probability that the true value of the element

is between the limits A(l + S) is equal to the integral

——J du

c

•J *

taken between the limits + A 8.

It is easy to transfer what has been proved with respect to

u the error of A, to v and w, the errors of B and C. As the

solution we have given extends to three elements, it will ne-

cessarily comprehend the subordinate cases of one and two

elements ; and there is no difficulty, except the length of the

operations, of applying the same analysis to any number of

It is not my intention to treat of the practical details of

this Theory, but merely to lay before the reader that particu-

lar view of its j^rinciples which appears most natural and phi-

losophical. All that part connected with the doctrine of

chance, is founded on the hypothesis that in all cases the pro-

bability of an error depends precisely in the same way on the

mamiitude of the error, or that it is always the same iunction

of the error. Now, I believe, it will be allowed that the

crounds of this supposition are much less^ sure than the evi-

dence adduced in i)roof of the method of the least squares.

There would therefore be a great logical fault ni maknig the

most advantageous solution of a system of ecjuations of con-

dition
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dition depend upon the arbitrary expression of the probabi-

lity of an error. But when we set out with demonstrating

the most advantageous solution from the nature of the equa-

tions of conditions, the whole theory follows naturally, and

is placed on its proper foundation.

For better illustrating the principles of this important spe-

culation, I shall resume the subject on a future occasion, and

offer some further remarks upon it.

February 3, 1825. James Ivory.

XIV. On the Marmolite of Mr. Nuttall. By Lardner
Vanuxem*.

THE description and analysis of this mineral was published

by Mr. Thomas Nuttall, in vol. iv. No. 1. of the American

Journal of Science and Arts.

Having last summer visited with Professor Keating the

Hoboken locality of serpentine f, I was enabled to make a

number of observations ; the communication of which I hope

will not be uninteresting, or considered unimportant by the

Academy.
For some years past considei'able doubt has prevailed

among many of the best mineralogists with respect to the

propriety of retaining serpentine as a mineral species, having

few or none of those external characters required to substan-

tiate its claim to such a rank. By some, serpentine has been

considered as a rock, whose substance appeared to be the re-

sult rather of a mixture of different minerals, or the elements

of different minerals, melted and deposited in a confused state,

than an homogeneous substance or simple mineral whose

aggregate has been effected by the power of chemical affinity.

That it is not generally regarded to be a mineral, siii generis,

* From Jour, of the Acad, of Nat. Sciences of Philadelphia, vol. iii. p. 129.

t The author of the paper on the marmolite considers the serpentine of

Hoboken, (N. J.) to " appertain rather to the transition than the primitive
.

range;" on what ground I know not, further than the circumstance of a

part of it being in fragments, and these fragments connected together so as

to form a breccia: but this fact is susceptible of an explanation by which

the primordial character of the mass remains in all its integrity. Serpen-

tine, like many other rocks, is split or cracked in various directions; in

8ome parts of the serpentine of Hoboken, the cracks or fissures are very

numerous, of course the fragments are small. These fissures in many in-

stances are filled with carbonate of lime, so that the fragments form one
solid mass. Now this fact is analogous to those parts of a rock, one of the

primitive class for example, which are traversed in different directions by

veins in series ; and no one ever supposed that the intervening masses lost

their primitive character from the presence of such veins.

it
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it will be sufficient for my purpose to quote two authorities,

Haiiy and Mr. Brochant : the former considered it as a rock,

and hence it has no place in his mineralogical method ; and
by the latter it was (improperly) arranged (1819) as a sub-

species of talc, under the name of Talc esqidlleux, i. e. scaly

or rather splintery Talc.

From the difference of opinion with respect to the rank and
place which serpentine ought to hold in our mineralogical

systems, it is really a desideratum that all obscurity upon this

subject should be removed, serpentine being important from
its gi-eat abundance, and the many uses to which it is and
may be applied. The object of this communication is to

make known the real character of serpentine, which the writer

believes he has ascertained, and submits his views with all due
deference to the Academy.

It is to Mr. Nuttall, whose zeal and talents as an observer

of nature are well known, and whose contributions to natural

history have already been so respectable, that we owe the in-

trcKluction of a mineral to our notice, which in my opinion

throws such light upon this hitherto obscure subject as to en-

able us to assign to seipentine its proper place in the systems

of mineralogy, and thereby to remove a part of the conflision

existing in that almost, as we might say, chaotic science.

The marmolite, the mineral alluded to, possesses those ex-

ternal characters which are acknowledged by all mineralogists

to be typical of a species ; and is moreover unifoiun in its com-
position, as ascertained by the analysis of specimens from two
localities that are nearly two hundred miles from each other

;

and has the same analogy to serpentine that all the lamellar

or crystalline minerals have to their compact varieties.

The description which Mr. Nuttall has given of marmolite

is as follows: " The texture is foliated, with the laminae thin,

and often parallel, as in diallage. Sometimes also cleaving

in two directions parallel to the sides of an oblique and com-
pressed four-sided prism. These laminae, sometimes a quar-

ter of an inch broad, are commonly collected into radiating or

diverging clusters, of a pale green or greenish gray colour and
a pearly submetallic lustre, soft enough to be easily cut by a

knife, and almost perfectly opaque, indexible, and brittle. Its

powder is unctuous and shining. By the influence of the

weather it becomes whitish and more brittle. Its specific

gravity by Nicholson's balance was 2*4-70."

" Chemical Characters.—Before the blowpipe it decrepitates,

hardens, and slightly exfoliates witliout showing any signs of

fusion."

Vol.65. No. 322. Feb. 1825. M To
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To the above description I have but a few observations to

make; 1st. That no notice is taken of the cross fracture of

the marmolite, which, in the fresh specimens, is important^

from its identity to the precious serpentine, i. e. compact, and

presenting those minute scales or splinters which result from

small portions in part detached from the mass, exhibiting the

appearance of wax when broken.—2dly. I was not able, in

any of the specimens in my possession, either in those from

Hoboken or Bare Hills, to discover natural joints in more

than one direction, namely, that which gives the lamellar

structure to it.—3dly. With respect to the opacity of the mi-

neral, it is true that all those specimens are opaque in mass

which have been exposed for a long time to the action of the

atmosphere ; but these if put into water become transparent,

and the fresh specimens possess a considerable degree of trans-

lucency.

Of the Composition of the Marmolite.— I was induced to un-

dertake the analysis of the Bare Hill variety, from a desire

of knowing the proportion of each of its constituents, the

quantity of silex only being given by Mr. Nuttall: and finding

a difference between his result and my own, I was led to ex-

amine that also of Hoboken, particularly as Mr. Nuttall had

a loss of 2^ per cent. ; he omitting to deduct from the 46 parts

of magnesia the 2 parts of lime which he found in it.

I should offer my result with diffidence, if I had not assured

myself by repeated analysis of the exact quantity of silex,

water and iron, in each of them, I did not find any lime in

the Hoboken mineral, though I tried by one of our most de-

licate tests—namely, oxalate of ammonia. I made no search

for chrome, the discovery of atoms being of no consequence

in the point in question.

The modus operandi was to calcine a portion for water ; to

digest another portion with nitro-muriatic acid until every

particle was attacked ; then to evaporate to dryness by a gen-

tle heat, so as not to decompose the salts of iron and mag-
nesia in setting the silex free ; to dissolve the salts with acidu-

lated water, and filter. The iron was separated from the

liquor by succinate ofammonia ; and (;he magnesia, as the re-

sidue, was obtained bj' evaporating the liquor, and then cal-<

cining.

In the same maimer I also analysed the beautiful precious

serpentine of Newburyport (Mass.), wishing to know if in its

composition it accorded with the European specimens ; and
also to confirm my opinion of the chemical identity of the

marmolite and serpentine. The results of these experiments

are as follows :

Silex
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Bare Hills. Hobokeu. Precious Serpentine.

Silex .... 42-69 40 V2
Magnesia ... 40 42 40
Water . . . 16-11 16-45 14-38

Deutoxide of iron 1*16 -90 1

Loss .... -4 -65 2-62

100 100 100
By comparing the above analyses with the analyses of the

precious and all the hydrous serpentines, no real difference

fcan be perceived ; hence we must conclude them all in that

respect to be the same. Mr. Nuttall, on the ground of che-
mical composition, is of opinion that marmolite might equally
*' be referred to talc or steatite." Now all well characterized

talc contains much more silex, less magnesia, and less water,
in the proportion of about 62-5 silex, 31-5 magnesia, and 6
water. As to steatite, 1 can only consider it as a rock of
which talc is the basis ; and hence its composition may vary
by admixture with other rocks or minerals, as is the case with
every great mass of mineral matter. I have no doubt that

among the many analyses we have of the substances arranged
under steatite the marmolite may be found, and probably
even also among the diallage, bronzites, &c., though in an im-
pure state.

To conclude : The marmolite corresponds with serpentine

in all its important characters ; to wit, composition, infusibility,

hardness, and specific gravity : also in those characters of less

importance; as colour, fracture not dependent upon internal

arrangement of particles, lustre of the same, &c. ; and differs

only as to crystalline structure, and lustre thereon depending

;

both of which circumstances belong to every mineral species

which present crystallized and compact varieties.

All mineral substances are identical that agree in composi-

tion, hardness, specific gravity, and primitive form or crystal-

lization;—but the absence of the latter character, so far from
making a specific difference, is merely considered in the light

of an accident. Conceiving then the identity of the marmo-
lite and serpentine to be fully proved, we shall have three

sub-species or varieties of this mineral, according to the idea

or importance attached to these sub oi* minor distinctions.

1st Sub-species. Marmolite or lamellar 5 rare, forms masses not exceeding

Serpentine, ( a few inches in diameter.

2d Do. Precious or compact C more abundant ; but if it forms

translucent Serpen- < rocks, they are of very limited

tine ( extent.

3d Do. Common or Serpen- ( forms rocks of great magnitude,

tine rock ( often very impure.

M 2 XV. An
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XV. An Account of the Earthquakes 'which occurred in Sicily

in March 1823. By Sig. Abate Ferrara, Professor of
Natural Philosophy in the University of Catania, Sfc. S^c*

ON Wednesday the 5th of March 1823, at 26 minutes after

5 P. M., Sicily suffered a violent shock of an earthquake.

I was standing in the large plain before the palace, in a situa-

tion where I was enabled to preserve that tranquillity of mind
necessary fbr observation. The first shock was indistinct,

but tending from below upwards ; the second was undulatory,

but more vigorous, as though a new impulse had been added

to the first, doubling its force ; the third was less strong, but

of the same nature ; a new exertion of the force rendered the

fourth equal on the whole to the second ; the fifth, like the

first, had an evident tendency upwards. Their duration was
between sixteen and seventeen seconds ; the time was pre-

cisely marked by the seconds hand of a watch which I had
with me. The direction was from north-east to south-west.

Many persons who ran towards me from the south-west at the

time of this terrible phaenomenon were opposed by the resist-

ance of the earth. The spear of the vane on the top of the

new gate connected with the palace, and upon which I fixed

my eyes, bowed in that direction, and remained so until the

Sunday, when it fell ; it was inclined to the south-west in an
angle of 20°. The waters in the great basin of the botanical

garden, as was told me by an eye-witness, were urged up in

the same direction by the second shock ; and a palm-tree

thirty feet high, in the same garden, was seen to bow its long

leafless branches alternately to the north-east and south-west,

almost to the ground. The clocks in the observatory, which
vibrated from north to south and from east to west, were stopped,
because the direction of the shock cut obliquely the plane of

their respective vibi'ations ; and the weight of one of them
broke its crystal. But two small clocks in my chamber kept

their motion, as their vibrations were in the direction of the

shock. The mercury in the sismometerf preserved in the

observatory was put into violent motion, and at the fifth shock
it seemed as much agitated as if it were boiling.

To the west of Palermo, within the mountains, the earth-

quake retained little of its power ; since at Morreale, four miles

distant, trifling injury only was sustained by the (Benedictine)

monastery of S. Castrense, the house of the P. P. Conviventi,

and the seminary of the clergy. At Parco, six miles distant,

* From the Boston Journal of Philosophy and the Arts for Sept. 1824.
•j- An instrument, apparently, for the purpose of showing the violence

of the shock of an earthquake.

—

Tb.

Mary's
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Mary's college, the monastery, the parish church, and a few

peasants' cottages, were all that suffered. At Plana, the bat-

tlements of the tower were thrown down. But more of its

power was felt in places on the sea -coast, as appears from its

effects at Capaci, four miles distant, where the cathedral and
several houses wei-e ruined ; and at Torretta, fourteen miles off,

where the cathedral, two storehouses and some dwelling-

houses were destroyed. Beyond, its power continued to di-

mmish ; and at Castellamare, twenty-four miles off, the state-

houseonly had the cleft, which was made in 1819, enlarged.

In maritime places east of Palermo the shock was immense.

At Altavilla, fourteen miles from Palermo, the bridge was
shaken. At Trabia, twenty-one miles, the castle, and at

Godiano, the cathedral and some houses, were destroyed,

—

enormous masses from Bisambra, a neighbouring hill, were
loosened, and fell. At Termini, twenty-four miles, the shocks

were very violent, exceeding all that had happened within the

memory of its inhabitants. Those of 1818-19 werevei-y strong,

but the city received at those times no injury; now, the con-

vent of Si. Antonio, Mary's college, and various private houses

felt its effects.

The warm waters, as well those of the baths as those from

the neighbouring wells, which proceed from the same subter-

ranean source in the mountains along the coast of Termini,

increased in quantity and warmth, and became turbid ; con-

sequences that always succeed convulsions of the earth, by
which their internal streams are disordered. The clay tinged

the fluid with its own colour, and equal volumes of the water

yielded a greater (quantity of the clay than before, when the

colour was deeper*. Most of the houses in the little new town

of Sarcari, two miles from the shore, and consisting of less

than a hundred houses, were rendered iminhabitable ; the

walls were thrown down, and the more lofty buildings were

all damaged. The effects of the earthquake are found to be

greater in proportion to its advance eastward.

Forty-eight miles from Palermo, at Cefalu, a large city on

the shore of a promontory, the effects were various and inju-

rious. Without the walls, two convents, a storehouse, and

some country-houses, were injured, but no lives were lost.

The sea macfe a violent and sudden rush to the shore, carry-

ing with it a large ship laden with oil; and when the wave re-

* The warm and mineral waters of St. Euphcmia, in Calabria, which

sprang up after the menioralile earthquakes in 10:?8, presented the same

pna.Miunicna in those of 17H-3.

—

Gnmnldi Dcsrr. cki Trent, del 1783.

[See also the remarks on volcanic pha-noniena in M. de Humboldt's

pa[)cr on the Uio Vinagrc in our present number.

—

Edit.]

tired
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tired she was left quite dry ; but a second wave returned with

such immense force that the ship was dashed in pieces and

the oil lost. Boats which were approaching the shore were

borne rapidly forward to the land ; but at the return of the

water they were carried as rapidly back, far beyond tlieir

first situation. The same motion of the sea, but less violent,

was observed all along the shore, as far even as Palermo.

PoUina, a town with nine hundred inhabitants, occupying

ftn elevated position at a little distance from the sea, was in-

jured in almost every building; particularly in the church of

St. Peter and Nunciata, in the castle, the tower, and in other

places. Nor did Finale, a little nearer the shore, suffer

less; five of its houses feU in consequence on the 11th of

March.
Beyond the towns which have been mentioned, towards the

interior of the island, the shock was vigorous to a certain ex-

tent; but kept decreasing as it proceeded, throughout the

whole surface. At Ciminna, south of Termini, a statue was
shaken from its place on the top of a belfry in front of the

great church, and a part of the clock-tower falling, killed one
person, and badly wounded another. In Cerda, the shock af-

fected the great church, some houses, and half of one of the

three forts placed near the city to support the earth on the

side of a great declivity.

The only church in Roccapalomba, which is situated at the

top of an acclivity was ruined. The parish church and some
private houses in the little town of Scillato wei'e overthrown.

InGratteri, a large town south ofCefalu, injury was sustained

by the church of St. James, and other houses. Considerable

damage was sustained by various churches and many private

houses in Colesano, a town containing two thousand inhabi-

tants, and situated on an inclined plain on the eastern side of

the mountains ofMadonie. One of the colleges de Maria was
rendered uninhabitable. The hospital, a grand fabric, was
made a heap of ruins. The loss is calculated at about thirty

thousand onze. In the vicinity of Pozzillo and St. Agata,

through a large extent of land many long fissures and caverns

were made. Similar caverns and fissures in argillaceous chalk

were opened near the little town of Ogliastro, sixteen miles

south-east of Palermo. At Isnello, at the foot of the Madonie
mountains, the injuries which were received in 1819 were in-

creased: Geraci, among the same mountains, suffered a like

fortune in the ruin of the cathedral : Costelbuono and St.

Mauro, within the same regions, were damaged, both by the

former and by the last convulsions ; by the last, the cathedral,

the church of St. Mauro, and five private houses suffered much.
The
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The damage done to Castelbuono is reckoned at twenty-two

thousand onze.

The northern coast of Sicily, towards Cape Cefalu, after

bending to form the eastern part of the great bay inchided on
the west by the mountains to the left of Palermo, extends into

the sea towards Eolie (theLipari islands), and presents, towards

them, a hollow front, the western part of which is formed by
Cape Orlando, and the eastern by Cape Calava. Places situated

about this bay suffered the most violent convulsions. Nato,

containing four thousand souls, and situated on an elevation,

was almost entirely laid waste, and a great number of private

houses destroyed ; the monastery, hospital, the churches of St.

Peter, Anime del Purgatorio, St. Demetrius, and the cathedral,

were in a great measure overthrown. The Quartiere del Sal-

vadore suffered less : a transverse cleft was made in the earth,

and fears were entertained lest the whole elevation upon which
the city is built should be overthrown. Only two persons

lost their lives ; for the people, warned by a slight shock which
was felt some hours before, had all fled into the country.

Directly in front of Vulcano, (one of the -^olian isles,) Patti,

a city built on the declivity of a mountain, and at the distance

of half a mile from the eastern extremity of Cape Calava,

had its cathedral, bishop's palace, convents, and many pri-

vate houses injured. With the copious showers of the fifth

fell some roofs ; various houses in the country were ruined.

Pozzodigotto, Meri, and Barcellona were injured a little. At
Barcellona a wide cleft was made in the belfry of the church,

and threatened its ruin. The shock at Milazzo on the sea

was violent, as also at St. Lucia, six miles from it, situated

on an eminence; but without any bad consequences. Some
damage was done to the hospital, several churches, and pri-

vate houses, at Messina. In the interior of Sicily the motion

was communicated as if it were far from the centre of force

:

in some places towards the south some buildings which were

old and out of repair felt the effects, particularly at Caltau-

turo ; and at Alimena, in the cathedral and convent of the

Reformed. The shock gradually wasted itself as it advanced ;

and at Catania so slight was the impression made on the peo-

ple, that they went to the theatre the same evening. It was.

perceived by a few persons only in Syracuse and in some of

the neighbouring towns. In the district of Modica, towards

Cape Passaro, scarcely one felt it. No bad effects were pro-

duced by it in the southern parts of the island : in the western

it was felt, but without injury. It was pretty strong at Alca-

mo, but slight at Trapani,

Injuries at Palermo.—The ancient city of Palermo was
founded
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founded upon a rocky tongue of land between two large and

deep bays. The extremity of this point constitutes at this day

the centre of the modern city, flatter, transported thither

by the water from the interior, and thrown up by the sea, to-

gether with the labour of men, has gradually filled up the

lateral spaces, and extended the peninsula with this trans-

ported and alluvial earth, and formed the present soil. It is

now composed in part of calcareous rock, and in part of mud
or alluvial earth ; both are traversed by canals and large

conduits for the circulation of water for common use, and by
common sewers communicating with the neighbouring shore.

The adjacent parts present a surface composed of calcareous

tufa, and an earthy aggregate tender and friable ; but deeper

down it is more durable, and partly siliceous. The cheapness

of the tufa and the ease with which it is wrought have caused

its adoption as a building stone, contrary to the custom of our

ancestors, as appears from the immense excavations and pits

about Syracuse, Girgenti, and some others of the ancient cities

of Sicily. Till lately, the common cement was composed of

a fat earth, to which ashes were sometimes added ; it was

called tqjo. Within a few years, lime and sand have been

used. But they do not always employ for lime the stone

which is hardest and most proper, nor that which requires

an equal degree of heat in calcination ; nor are all the pieces

while. It is not slaked methodically, nor mingled with that

patience which caused the ancients to say that lime should

be tempered by the sweat of the brow. And here, indeed,

this labour is the more indispensable, as Palermo is destitute of

puzzolana, and of those ferruginous earths which render such

valuable service to those volcanic towns of the island which
can obtain a cement so adhesive and durable.

The soft rock of the surface serves in large masses for a
foundation upon the cla}'. But the brittleness of the rock,

and the instability of the earth, its readiness to change from a

level at the least motion, or by the action of moisture, which
the air and soil of Palermo make permanent, render the foun-

dation very far from firm. I have seen pieces of the founda-

tion of large edifices so entirely reduced to eaith as to be
removed with a spade. This inconvenience exists even when
the rock in its natural situation serves as the base. Where a
building is raised upon a soil the parts of which are of different

natures, it must suffer much from the unequal resistance of this

soil. The right side of the royal palace has tor several years

been inclining from a perpendicular, in consequence of its hav-

ing been placed on the ancient alluvial formation, while the

remainder of the building rests on a rock. Sometimes we see

buildings
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buildings raised on an inclined plane, with one pait of the base

more elevated than the other : in this case it is evident that

the oblique pressure is compounded of two forces ; one per-

pendicular to the resistance, and which is overcome by it ; the

other parallel with the resistance, but which, not entering

into the action, operates in its own direction. The equilibrium

is thus destroyed, and the stability of such buildings cannot

be of long duration.

Our author goes on to speak of the necessity of having

acute angles to many of the stieets on account of their crook-

edness, and how liable buildings are, from this circumstance,

to be thrown down ; that regular foundations are not very

much used, and even when used are soon destroyed by the

action of the atmosphere, by water, and many other causes.

He finds fault with the forms of the stones used in building,

with the cement, its want of adhesion ; and compares houses
constructed in this manner with those of ancient Tyndaris,

many of the walls of which, standing on the top of some of the

highest mountains, were so well balanced, the pieces so nicely

cut and jointed, even without any cement at all, that they have
stood firm for a thousand years.

Upon foundations so infirm, and with materials so frail,

buildings are raised to the height of four or five stories.—He
next remarks on the disproportion of the thickness of the walls

to the weiglits they sustain. Though diminishing exceedingly

in thickness from bottom to top, they are still very much weak-
ened by the great number of windows, are overburdened by im-
mense cornices, and little chambers, and kitchens, projecting

fearfully beyond the sides ; and by terraces and balconies

loaded with enormous vases of stone. The beams which
support the floors scarcely touch upon the walls, are not
charred nor faced with lead to defend them against the mois-

ture, and are almost always injured by the lime in which they

lie. Many particulars of this kind our author has mentioned,

all tending to show the great want of prudence in the manner
of building.

In the night of the 1st of September 1726, continues Pro-
fessor Ferrara, an earth(|uake destroyed, or very nnich in-

jured, all the buildings situated on the muddy soil, and many
(which were out of repair or badly constructed) placed on rock.

Karth, of the nature of the first, is less capable of receiving

nu)tion from a shock than the last, since it possesses less re-

sistance. But fads show that this advantage is more than
compensated by want of stability in edifices raised upon it.

\'<>l.(i,5. No. '.'i22. /;•/'. 182.5. N At
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At Messina, in 1783, all the buildings upon a plain, and upon

eardi thrown up by the sea, wei'e destroyed ; while those on

the neighbouring hills wei'e not moved. The same happened

at Calabria, and in ] 805 in the district of Molise. In this

account we should notice the cavities made in the earth. They
were esteemed by the ancients as preservatives against earth-

quakes,—notby affordingan outlet to the subterranean vapours,

as some have thought, but by interrupting or diminishing the

course of the shock.

The houses were rebuilt in the same situation, and after the

same mode ; the fissures of those which were damaged were,

as we now observe them, only covered over on the outside by

a slight coating of lime. These very places, and precisely the

same houses, were this year laid waste ; and so they will al-

ways be in future, imless a more prudent and more reasonable

method shall regulate new buildings and new repairs.

Professor Ferrara proceeds to give a very particular account

of the effects of the shock upon buildings in different situations,

which it would be hardly interesting to repeat here. Most of

the injury, he says, was done by the second impulse of the

shock, when the spear of the vane on the new gate was bent,

and the water in the basin in the botanical garden was forced

violently up one side. Immediately after the shock, he re-

marks, the apparent injuries were not very great : but the

blow was given, and the long and abundant showers of rain

which succeeded continued to develop and increase the in-

juries ; and now, though not very many buildings are entirely

destroyed, yet there is scarcely one which has not received

some damage. Here follow some notices of the dreadful con-

sequences which befel many of the inhabitants, from the falling

of the timbers and stones and walls ; of the vases from the

piazzas into the streets; and many other things which it is un-

necessary to mention more particularly. Nineteen persons

were killed and twenty-five wounded. In the earthquake of

Sept. 1, 1726, four hundred were killed and very many
wounded.

In the close of this chapter he remarks, Do not these sad

facts impress us with the necessity of every attention in the

construction of new edifices? Already have the zeal of the

governor, the facilities offered by the senate, and the concern

of the active citizens, given a strong impulse to the repara-

tion of the disasters. Soon will the shadow of the past ca-

lamity pass away, and the grand city of Palermo will be still

more beautiful. When we reflect upon the immense list of

cartliquakes which Sicily has suflfered, a7id the possibility of

its
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its increasing every moment, we feel the inevitable necessity

of holding ourselves strongly prepared to meet the sudden
assaults of so powerful an enemy. Messina, which suffered

so much in 1783, although violently moved by this last shock,

experienced from it no bad effects ; for this noble city has
risen from her ancient ruins robust and majestic. Catania,

in 1818, was convulsed in a terrible manner; but its inhabi-

tants were enabled to contemplate without a tear all the little

injury sustained by their beautiful fabrics*.

Succeeding Shocks.

After the shock of the 5th, the black clouds which covered
the heavens on the north and west formed a dark band, mea-
suring from the zenith towards the horizon 60°, and extending
from north to south. It was terminated at the base by a circular

line passing from north to south, through the west, and ele-

vated at the southern part about 30° above the horizon. The
sky itself was very clear, and its extreme brightness was in-

creased by the contrast with the dark band above, and by the

sun just on the point of setting. A little below the band were
two other lines parallel and perfectly I'egular. This myste-
rious appearance inspired with fear the minds of the people,

who are always seeking in the heavens for signs of future

events. But it preceded a tempestuous night which followed

with torrents of rain, with thunder, snow, hail, and windf•

* After the fatal earthquake of 1693, in Catania, by which eighteen thou-

sand persons perished, the people began to build of one story, and always

after the plan of barracks. But as the fear passed from their minds they

raised their houses two stories, and sometimes even three, and not with much
solidity. Since the middle of the last century, the excellent materials sup-

plied them by Etna, the good method andprudent regulation of the stories,

have promised long duration to this city. It may possibly be injured, but

cannot be easily ruined, although at the foot of the most formidable volca-

no in the world. After the catastrophe of the 5th of March in Palermo, the

lieutenant, the pretor, senators, and police, exerted all their zeal. They
obliged proprietors to prop up their houses within twenty-four hours, or to

dcuiolisn them if they were not susceptible of propping. The senate took

upon themselves the charge of repairing the houses of poor proprietors, to-

gether with the expenses.

f In all times signs have been mentioned as announcing earthquakes near

at hand. People read them in the air and upon the earth ; and some philo-

sophers even have given them credence. The frequent occurrence of these

signs, without the expected pha;nomena, is a sufficient argument against

them. But less uncertain are those which accompany the pha-nomena, as

rain and thunder. To that of 1693 such fearful storms succeeded, that for

many hours, at Catania, the groans ond voices of the miserable wretches

buried under the ruins weredrownc<l by the roaring ofthe torrentsof rain and
the tremendous thunder. The same circumstances took place at Calabria

in 17*^3; and we were witnesses of the same on the night of the 5th of

March. An extraordinary quantity of electric fluid is developed, and being

N 2
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On the night of the 6th, at forty-five minutes past one, in

St. Lucia de Millazzo, six miles from the shore which looks

towards Volcano and Stromboli, a severe shock was felt; and
aftei'wards, at various intervals, horrible noises were heard,

four distinct times, rumbling fearfully beneath them ; and

finally, at half past three o'clock, the shock was repeated. Both
were felt at Messina, but without any subterranean noises.

Nothing of it was felt at Palermo, or in any jilaces in the west.

At fifty-six minutes past ten, in the night of the 7th, another

shock was felt at Palermo, sufficiently strong to put in motion

the pendulum of a small clock which I had stopped that I

might regulate it in the morning. Its vibration from N.E. to

S.W. showed me with certainty the direction of the shock.

Light ones were felt on the 26th. On the 31st, at two and
fifty-two minutes P.M. one was felt at Messina, moderately

severe, of five or six seconds duration, and undulating. Two
others on the 1st of April, and one at Castelbuono on the

28th. I should add that they mention a slight one there on

the 16th of Februai'y; but they are more certain of those of

the 5th of March; one at 1 P.M., the other at 3. These
were they which induced the inhabitants of Naso to leave

their habitations and flee into the country, where they were
when their city was laid waste. Here the Professor mentions
many other places in which small shocks were felt in July
and August : but as no important remarks are made, we pass

over them to his more interesting chapter of physical obser-

vations.

[To be continued.]

conducted from the deep cavities of the earth to the surface by the force

of equilibriun), produces there extraordinary vaporization when hygrome-
ters have shown extreme dryness. The atmosphere, charged beyond mea-
sure with vapours, will give room to their decomposition, which changes
them into vesicles and then into rain. Fiery meteors will be produced by
the electric fluid, liberated by the passage of the vapours into water. If hy-
drogen gas escape from the earth, it may be inflamed by the electric spark,

and present the appearance of fires. I should mention here, tliat in vol-

canic regions signs may sometimes precede earthquakes; but this happens
there by the proximity of the place of the subterranean operations to the
surface of the earth, which circumstance connects the internal phaenomena
with those of the adjacent atmosphere. On the morning of the 8th of
March 1669, at Pidara, a town on the side of Etna, the air became ob-
scure as by a partial eclipse of the sun j soon after, the earth began to shake,
and continued so until the 11th, when an immense fissure opened near
Nicolosi, a neighbouring town—a sparkling light appeared over the fissure;

and on that very day, while the terrible shocks were levelling Nicolosi with
the ground, an enormous burning river, amidst horrid rumblings, roarings,

and explosions, was belched out, which flowed fifteen miles, covering a
great extent of land, and for four months spreading terror over Sicily.

—

^or, de. Inc. Min., Ferr. Descr. dell'Etna.
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XVI. On the Use of Functional Equations in the Elemcntaiy
Investigations of Geometry.

To the Editors ofthe Philosophical Magazine and Journal.

Gentlemen,

A FEW years ago, when the French edition of Legendre's
-'^ Geometry first fell into my hands, I was considerably at-

tracted by the famous second Note. I bestowed some atten-

tion upon the subject, and was led to a particular artifice, which
I then conceived sufficient to destroy the force of Mr. Leslie's

objection to the legitimacy of the investigations. Accident
brought before me, some weeks ago, a volume of your Journal,
which recalled my former ideas. It contained two papers upon
the subject, signed Dis-Iota*, which it is needless further to

characterize than to attribute to Mr. Ivory. He firmly esta-

blishes, I think, the objections which he formerly made (like-

wise anonymously) in a letter to Mr. Leslie. There cannot
remain a doubt that the supposition of the identity of the func-
tions

(f,
ip', $", &c. involved in Legendre's " mise en equation"

is fully equivalent to Euclid's axiom. Legendre's method
then falls to the ground, in so far as he intended it to overcome
this great difficulty of geometry : but it still retains all its

interest as a method of investigating the elementary relations

of space. We all know the splendour of analytical mechanics,
compared with the old investigations by means of diagrams

;

and how pretty would it be, even although useless, were our
geometries condensed into a few families of formulae, each
bearing as wide a meaning as the well-known syS/i = in

mechanics. In this light alone am I inclined to view Legen-
dre's investigations ; and I feel a deep interest in attempting to

elucidate them. In a few points Mr. ivory's (or Dis-Iota's) papers
ajipeared to me somewhat deficient. They were in my hands
only for an hour or two, so that I cannot now refer to the par-
ticular passage which left this impression. I therefore submit
my ideas to you in the form of a few general critical remarks.
Let us state in the first place the exact nature of Legendre's
reasoning respecting the constitution of his functionary equa-
tion. He discovers from superposition, that a triangle is de-
termined by the constancy of the three quantities A, 13, and c

;

or, in odier words, that these are all the variables u|)on which
the value of C can depend. But he asserts, if C required the
combination of them all—for its determination an analytical

absurdity would exist in the equation C = ip(A, B, c). The
only possible manner then in wliich C can receive a deter-
minate character from the constancy oi" these (]unntities is ex-

* On the Theory of Parallel Lints. I'liil. Mai:, vol. Ixiii. p. 161 & i).246.

pressed
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pressed by the equation C = 4) (A, B), which is therefore true.

This is quite logical. It would be a waste of time to examine

Mr. Leslie's objections to the universality of the law of homo-
geneity. They must have escaped him in a moment when his

eagerness to put down analysis (which he seems to consider

synonymous with mysticism) got the better of his natural quiet

apprehension of intellectual truth. They will be found suffi-

ciently discussed in Baron Maurice's pa})er. But he brings

forward an objection of a different character, which probably

deserves greater attention than it has met with. He attempts

to deduce an absurdity by the employment of similar reason-

ing in a precisely similar case, and hence infers the fallacy of

the whole procedure.

A triangle, says he, is determined by an angle and its in-

cluding sides ; or, these are all the variables which can enter

into the determination of the base. But the angle cannot en-

ter in virtue of the law of homogeneity. Hence c = <p{a, b).

Playfaii', Legendre, and Maurice, it is well known, have all

insisted in reply to this, that there exists a most obvious distinc-

tion betwixt the two cases. They have insisted that the dif-

ferent relations in which C and c stand with respect to their

respective standards of admeasurement, render necessarj' the

introduction of a specific reasoning suited to each case. It is

quite plain that the adoption of any linear unit is altogether

conventional, and the unit itself of course variable. A line

taken by itself, then, is of no definite magnitude. The right

angle, on the other hand, is a fixed and determinate quantity

—

a quantity quite independent of every other; and consequently

every angle as a part of it is likewise fixed and determinate.

Now let us see what effect this distinction will have upon the

similar equations C = jp (c, A, B)
c = \(/(C, o, b).

There exist two reasons for dismissing c from the first of

these; a reason arising from the operation of the law of homo-
geneity, and a reason arising from its indeterrniiiateness. On
the other hand C is a determinate quantity

;

—but does that de-

stroy the heterogeneity of the latter expression ? C is certainly

definite, but it is merely so as it is referable to an independent

unit. It is but a portion of that unit, and consequently still a

quantity of its own Jciiid. There is no other angle in \J/ with

which it may be connected, in order that it bear a relation to

the ratios of the lines a, b, c ; and the law of homogeneity

therefoi'e ordains its dismissal. Even allowing the distinc-

tion contended for, Mr. Leslie's reduction thus seems perfectly

valid. But the geometers I already quoted have not thought

it so. If the right angle, says Legendre, be termed 1, all

angles
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anoles will be mere numbers, and of course C as a number

may be legitimately determined by

It is here strangely forgotten that the equation right angle = 1

is merely symbolical or abbreviatory, and can hold only when

angles are compared together : whereas C in the foregoing

equation is not determined to be a part of the unit xvhich re-

presents R, but of the abstract unit which measures the ratio

— . To show the difficulties to which the French geometers
^ ....
seem reduced in their attempts to gloss over this curious piece

of reasoning, let us quote one sentence from Maurice's dis-

sertation. After speaking of the trigonometrical equation

6: £«

1 + ^--^
COS C =

2-

as derived from
^^ ^ ^ ^^^^ ^_^ ^)

he says : " Now this example is not, as might at first sight be

supposed, at variance with die principles here laid down. If

the angular unit, though not affecting all the terms, has dis-

appeared, the reason is, that the proposed equation turns out

to establish tliat a certain function of the sides of a triangle is

a function of one of its angles : and as this latter function may

be transcendental, and consequently equal to the cosine of

the arc which corresponds to that angle, it follows that just

as we have the general relation angle — -;^^^, so also we

have a certain cosine (and every cosine must be an abstract

number) equal to a certain algebraical function of the ratios

between the sides." This paragraph has certainly the merit

of mystifying the subject fconsiderably. Ui)on analysing it,

however, we find it composed of two assertions. Maurice

first states that the functional e(|uation may give a tniiiscen-

dental function of the angle ccjual to a function of the ratios

of the sides; and that this transcendental function may be a

number, or, as it is, the cosine. This is singularly at variance

with another part of his paper, in which he rightly asserts that

no unit can disappear, excei)ting by division, by itself. Here,

however, an angular unit disappears without division
;
and

Maurice accouiUs for it merely by slating that it does so !

These remarks, brief as they are, will, 1 hope, sufficiently

show die highly objectionable character of the nianncr in

which one ptirty in the tonlroviisv would distinguish betwixt

till'
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the two cases. We are not prepared, however, to follow

Mr. Leslie in his entire rejection of this application of analysis.

It seems to us, on the other hand, that the equation furnished

by superposition or expei'iment ought to contain all the truths

which are deduced from the same experiment by geometrical

reasoning. We are accordingl}' rather inclined to search for

the cause of the difficulties that have startled us, in some im-

perfection in the mode of expressing or of treating the equa-

tions. That imperfection seems to me to be a deficiency in

the original equation as given by Legendre. Superposition

does not inform him that the vertical angle is determined by

the base and its adjacent angles alone,—but merely that it will

be constant if they are constant ; and hence that it must be

determined by these variables and coNSTAN'rs alone. Noting

these constants by y, the original equation becomes

C=^(c,A,B,y)
The distinction drawn by Legendre, &c. betwixt lines and

anoles, will furnish us with the analysis ofy. It must, if any

quantity at all, be composed either of constant lines or con-

stant angles. It cannot be composed of constant lines, for

there are no such quantities in existence. But there is a con-

stant ano-le ; y may therefore be a function of the right angle.

It is not therefore a linear, but an angular magnitude. This

is enough to entitle us to reject the foregoing equation as im-

possible, and to adojit as the true one

C = ?s(A,B,y)

It is likewise enough to show that C cannot be rejected from

Mr. Leslie's equation, which then becomes

as it ought to be.

If Baron Maurice will return to the subject and contem-

plate it under this aspect, he will find, I trust, all difficulties

dismissed, and instead of the puzzling equations

cos C = (f. C
arc

he will have

and anMe = ,.
"^ radius

COS C = <r -1-7- r^ right angle

and
angle nrc

right angle radius

expressions in as complete accordance as he could wish with

the universal law of homogeneity.

I meaiit to have taken this opportunity to make some ob-

scrvations
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servations on Mr. Leslie's method of investigating the theorem
of tlie composition of forces, which is remarked upon with
some severity by Dis-Iota: but I have likely enough already
written more than many of your readers will bear with. You
shall probably- again hear from me.

January 19, 1825. 2.

XVII. A new binaryArTmigementofthe'&YachynYous Crustacea.
By A. H. Haworth, Esq., FeUoiso of the Linncean and Horti-
cultural Societies of London, and of the Imperial Natural
History Society of Moscow, Src. 4'c.

To tlie Editors of the Philosophical Magazijic a7id Journal.

Gentlemen,

CINCE you published the natural distribution of animated
nature, on a new binary or dichotomous plan, in your

Journal of October 1823, and which plan I now acknowledo-e to
be my own, I have assiduously followed up that mode of ar-
rangement; and I continue to find that it actually brings to-
gether the most closely allied productions of nature, not only
more easily, but more naturally and more certainly than
an}' other I have yet observed— I mean at least as far as I have
tried it ; although its various groups fall far less frequently
into fives than I had at first expected.

In support of these i-emarks I send you hereunder a con-
tinuation of one of the branches (t!ie Crabs) of my last table

;

or, to speak more in the language of modern writers, the
Brachyurous Crustacea of the most recent authors on this in-

tricate branch of natural science.

Tills present table extends no further than to the published
genera (on this subject) of Lamarck, Latreille, Leach, and
Desmarest; but it is quite capable of extension to the remotest
species or most trivial variety that can ever occur.

Hoping that this little communication may find admission
into your next Magazine,

I remain, gentlemen,

Yours, &.C.

Queen's Elm, Chelsea, Nov. 10, IHM. \^ II_ Haworth.

P.S. 'Yha generic names in the table are always in italics, to

distinguish them promj)tly from all others.

Vol. 65. No. 322. /(Va 1825. O CHUSTA-
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CONSPECTUS DICIIOTOMUS.

Bradjpura.
1
pNATATORIA.

j-LATIREMATA.
J_|-Pluriremaxa.—Polybiiis, Matuta.

'-BlREMATA.
I i-Rotundiora.

—

Orythin, Poi-ivnus.

I-Radiifonnia (Shuttle Crabs).

—

Ltq^a, Podopthahnus.

^ANGUSTIREMATA.— Portumnus, Carcimts.

LCURSORIA.
^ROTUNDATA.

I

pARCUATA.

I
L|-Conclitipedes.— Calappa, Oethra.

1 '-Inconditipedes.

I

\j-Ec\\\&i?i.—Hepatus, Cancer, Xantho, Pirimela, Pibmntis.

i-Ciliiconies.

—

Attelecyclus, Thin.

-Oebiculata.
Indomitata.

i-Sphaeroidea.

If-Genuina.
I I

r-'Ecr\ic\aXA.—Leucos'ia,Ph}li/ra,Persephona,

I—I
I

—

Myra, Ilia, Arcniiia, Iphis.

iicigera.

—

Nursia, Ebalia.

l-Horizontalia.

—

Ixa,

LTurgida.

—

Gecarcinus

'-Domitata.

—

Pimiotheres

^ANGULATA.
pDepressa.

1_
|-Dorsipedata.

—

Dorippe, Homola, Drornia*??

L-Thoracipedata.

I
pPenicillata.— Grapsus, Plagusia.

I—I Quadrata.— Ocypode, Gonoplax, Uca, Eriphia,
L Thelphusa.

Rostrata.
I pFoveata.

—

Parthenope, Lambnis.

-Efoveata.

I
pValidJpedes.

|_i-Spiiriipedes.

—

Lithodes (dua species);^

'-Communipedes.

I

pSpinifrontes.

—

Eurynome, Micippa,
'—

j

Maia, Pisa, Lissa.

LEmarginatifrontes.—Hyas, Mithrax,

Libinia, Docleits.

-Tenuipedes.

I

i-F issirostres.

—

Iiiackus,Achatis, Maa-opodia,
'—

I

JEgeria.

i-Integra.—Leptnpodia, Paclo!iis.

•jHaCrUra, {to be continued.)

* " Genus dabit characterem, nee cliaracter Genus."
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XVlII. Comparison of Mr. Ivory's Table of Refractions,

Philosophical Transactions 1824, 'with Dr. Bradley's Ob-

servations published in M. Bessel's FuyidavientaAstronomicey

pp. 53, 54. By J. Ivory, Esq. F.R.S.

[In the paper on the Least Squares, the words " relatively to every error,

and an absolute maximum relatively to all the errors " occur in the be-

ginning of No. 2 ; for which read "relatively to every variable in the errors,

and an absolute maximum relatively to all the variables." And the same

words must be corrected in the same manner when they occur immediately

below in speaking of the minima of \p.]

THE annexed table shows the errors of my refractions

when compared with the observations of Dr. Bradley

cited above. In the six last stars the mean of the observa-

tions recorded by M. Bessel is taken. In the calculations the

temperature of the air is estimated by the exterior thermome-

ter, and the barometer is reduced to the standard by means

of the interior thermometer. When the interior thermome-

ter is not set down in M. Bessel's table, it is taken 5° higher

than the exterior one.

It appears from this comparison that the errors of my table

are very small when the zenith-distance does not exceed 88°^:

but when the altitude is less than 1°^, the errors increase sud-

denly, and are all in defect. The same conclusion is con-

firmed by other computations which I have seen.

It must be observed, that in the construction of my table

no assumption has been made for the horizontal refraction.

The theory requires us to know only the quantity that mea-

sures the refractive power of air, and the gradation of heat in

the atmosphere. The horizontal refraction obtained in this

manner from theory alone is 26" greater than vvhat the French

astronomers make it, and much less than the magnitude which

the observations of M. Bessel seem to indicate. As my re-

fractions agree with nature to so great an extent from the

zenith, it seems reasonable to infer that the mean condition of

the atmosphere, beyond the influent* of the earth and while

the aerial fluid is at liberty to arrange itself in equilibria by

its own inherent powers, is represented with tolerable accu-

racy. But in the neighbourhood of the horizon the ex-

traneous heat and moisture emanating from the earth must

derange the regular disposition which the strata of air would

otherwise assume ; and to this cause, for which no allowance

is miide in the theory, we must ascribe the sudden deviation

of tlic theoretical retractions from those observed.

I have no other intention in publishing this comparison,

O 2 than
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than to be able to refer to it afterwards in treating of the con-

stitution of the atmosphere.

February 8, 1855. JamES IvollY.

£ Stars.

O
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litre: sulphuric acid, I'OSO ; muriatic acid, 0*184; alumine,

0.240; lime, 0.160; and some indications of iron*. The
presence of muriatic acid confirms the observations made on
the vapours and the stony productions of Vesuvius and of se-

veral other volcanos." Rivero.

I had made known, at the time of my return from America,
the presence of the sulj^huric and muriatic acids in the water
of the Rio Vinagre, which the aborigines call Pusambio (See

Views of the Cordilleras, and Monuments of the People of
America, vol. ii. p. 1 66 ; Barometric Levelling of the Andes,
No. 126; Caldas, Sainanario del Ntievo Reijno de Grcmada,
t. i. p. 265) ; but not being furnished with the salts of barytes,

I had engaged MM. Rivero and Boussingault, when they

departed for Bogota, to verify these facts. The analysis, which
we owe to one of these expert chemists, is the first which has

been attempted on the water of the Rio Vinagre. I shall give

some extracts from the journal of my travels, in great part still

unpublished, explanatory of the local circum-stances.

The town of Popayan is situated in the beautiful valley of

the Rio Cauca, on the Bogota road to Quito, at the foot of

the two great volcanos of Purace and Sotara. These volca-

nos, almost extinct, and exhibiting only the phaenomena of

solfataras, form part of the central chain of the Andes of New
Granada. At 1° 5.5' and 2° 20' of north latitude, the group
of mountains which hicloses the sources of the Magdalena is

divided into three branches, of which the eastern is continued

towards Timana and the Nevados of Chita and of Merida

;

the intermediate and central one towards the Panmios of

Guanacas and of Quimdiu ; the western towards the platini-

ierous district of the Choco and the isthmus of Panama. In

ascending from the town of Popayan to the sunnnit of the

volcano of Purace, M. Bompland and 1 ibund at the height

of" 8672 feet a little plain (Llano del Corazon), inhabited by

poor Indian husbandmen. This plain is se))aratcd from the

rest of the acclivity, v/ith which it would otherwise be con-

tinuous, by two ravines extremely deej): it is at the edge of

these precipices that the village of Purace is built. Sj)rings

rise every where from the trachytic rock ; each garden is sur-

• It cannot be doubted that tlie indications arc l)y grammes and fractions

of {grammes : a litre of the water of the Rio Vinaijrc includes 1-080 gramme
of su|)l)uric acid and 0')H4 fjrainme of nuiriatic acid. This |)ro|)ortion

of siil|)lniric acid, is ncvertiiclcss very sensible to the taste, and is mani-
fested l)v an abundant precipitate with the salts of harytes.

I'l'lie litre lieiiif; 2'1 MS pints, the contents of tlie water in Knglish };raiMS

will he ns fnllows; sulphurii acid KiGH; nniriatic acid 'i'M ; ahnnine
• i 7; lime i'\7- - IvuiT.)

K'lindcd
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rounded with a quickset hedge of narrow-leaved euphorbium

{lechero) of the most delicate green. This beautiful verdure

contrasts in a striking manner with the back-ground of black

and arid mountains which surround the volcano, and which

are rent by the effects of the earthquakes.

The site of the village is celebrated in the country on account

of three beautiful cascades [choreras) of the river of Pusambio,

whose water is acid, and which the people, who know no other

acid than vinegar, call Rio Vinagre, sometimes G?-«w Vinagre.

This river takes its rise at the height of nearly 10,871 feet, in

a very inaccessible spot. Although the temperature of the

water be little different in the lower cascades from that of the

surrounding atmosphere, it is not less certain that the sources

of the Rio Pusambio or Vinagre are very hot. This fact was

attested to me by the natives and by the missionary of the

village of Purace. In going to the summit of the volcano I

saw a column of smoke rise at the place where the acid waters

make their appearance. I have drawn the second of the falls

of the Vinagre (plate xxx. of the Views of the Cordilleras)

:

the water, which opens itself a passage across a cavern, is

precipitated more than 383 feet in depth. The fall has a very

picturesque effect ; but the inhabitants of Popayan would be

better pleased if the river, instead of throwing itself into the

Rio Cauca, became engulfed in some other crevice ; for such

is the delicacy of constitution of animals which breathe by
gills, and which absorb the oxygen dissolved in the water, that

the Cauca during a course of four leagues is destitute of fish,

on account of the mixture of its waters with those of the Rio

Vinagre*, which are charged both with oxide of iron and with

sulphuric and muriatic acid. After staying a considerable

time on the craggy wall of rock which borders the cascade,

a pricking sensation is felt in the eyes from the minute spray

jn the atmosphere. Fish re-appear in the Rio Cauca at the

point where it becomes enlarged by the influx of the Pinda-

mon and of the Palace f.

A little to the north of the sources of the Pusambio rise

two other rivulets charged in like manner with free sulphuric

acid, which the people call the Little Vinegars [los dos Vinagres

chicos) : they throw themselves into the Rio de San Francisco,

which is itself but a tributary of the Gran Vinagre. During
my stay at Popayan, it was an opinion generally received

that all these acid waters contained some iron dissolved by a

• M. Caldas has even attributed to this mixture, doubtless with little

reason, the absence of goitres in the valley of Rio CMic?i. — Semmiario, t. i.

p. 265. See my Memoir on the Goitres in the Cordilleras.— (Afi^enrfit,

Jour, de Pkt/swl. t. iv. p. 109.) t Journal de Physique, t. Ixii. p. 61.

jireat
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1

gi-eat quantity of cai'bonic acid. When it was merely remem-

bered tliat the sources of the Vinagre are very hot, this opinion

ouo-ht to have been abandoned. I boiled some water taken

from die cascade ; and I found, after the ebullition, the same

acid taste and the same precipitates as in the unboiled water.

At this period I had very few re-agents left.

The nitrate of silver* gave a white and milky precipitate,

indicating the presence of muriates. The presence of iron was

shown by the prussiate of lime, that of lime by the oxalate of

potash. When the water was weighed with great care in the

office of the mint of Popayan, the weight of an equal quantity

of the water of the Vinagre was found to be to that of distilled

water as 2735i gr. to 2731 gr.; that is to say, that the specific

gravity of the water of the cascade was 1,0015.

The waters which I describe, and of which M. Rivero has

given the first analysis, must not be confounded with those of

the two subterraneous lakes which we have found near the sum-

mit of the volcano; one is 14,356 feet high, the other, above

the snows, 15,475 feet. This volcano of Purace is a dome of

semivitreous trachyte, ofa blueish grey and having a conchoidal

fracture. It does not present a great crater at its summit,

but several little mouths. It differs very much from the

neighbouring volcano, the Sotara, which is of a conical form,

and which has thrown out an immense quantity of obsidians.

These masses, covering the plains of Julumito, are balls or

tears of obsidian, the surface of which is often tubercular.

They present, what I have seen nowhere else in the two hemi-

spheres, all the shades of colour, from deep black to that of an

artificial glass entirely colourless. It may appear surprismg

to see that this deprivation of colour has not been accompanied

by any inflation or porosity The obsidians of Sotara are

mixed with fragments of enamel which resemble the porcelain

of Reaumur, and adhering to which I have found masses of

felspar which have resisted fusion.

Here, as in the Andes of Quito, as at Mexico and at the

Canary Islands, the system of basaltic rocks lies far from the

trachytes which form the volcanos of Purace and of Soltara.

The basalts of the Tetilla of Julumito belong only to the left

bank of the Cauca. They rise from transition porphyries free

from aiigite, conUvining some hornblende, a very little quartz

in small crystals embedded in the mass, and a felspar which

passes from the common to the vitreous variety. This por-

The coniohu presence of the sulphuric and muriatic acids has also

been observed by M. Vauquclin in the water which M. LcBchenault had

taken from the crater-lake of Mount Idienne \n Java {Journal de fhy-

siqur, I. Ixv. p. 40(5.) Sec Phil. Mi»g. vol. xlii. pp. 126, 182.
^ phyry
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phyry is covered, near to Los Serillos, with a blackisli-gray

lime-stone traversed by veins of carbonate of" lime, and so much
overcharged with carbon that in some parts it stains the fingers

like an aluminous schist, or like the lydian * stone of" Stee-

ben in the Fichtelgebirge. The trachytic dome of Purace

which gives birth to the little river of sulphuric acid, rises out

of a porphyritic syenite (with common felspar), which in its

turn is superposed on transition granite abounding in mica.

This observation f, very important for the position of volcanic

rocks, may be made near to Santa Barbara in ascending from

Popayan to the village of Purace. The volcano, like the most

part of the great volcanos of the Andes, presents layers or

mantles of melted stony matter, not real currents of lava.

Some fragments of granular limestone, probably magnesian,

which I found at more than 12,790 feet high, seem to have

been thrown up through crevices which have since become
closed. They are like those of the Fosso G;««<ff ofVesuvius,

which owe their granular texture to volcanic fire. It is not

possible to go on horseback further than the cascades of the

Rio Vinagre. From thence we were eight hours in mounting
on foot to the summit of the volcano and in descending from

it. The weather was dreadful ; snow and hail fell. 1 had a

great deal of difficulty in lighting the tinder at the point of

the conductor ofVolta's electrometer ; the balls of elder-pith

separated from 5 to 6 lines, and the electricity passed often

from positive to negative without there being any other symp-
tom of stomn : for thunder and lightning are (according to my
experience) generally very rare when we are above 12,800 or

14,000 feet high. The hail was white J; the hailstones, from
five to seven lines in diameter, composed of layers varying in

translucency. They were not only much flattened towards the

poles, but so much increased in their equatorial diameter,

that rings of ice separated themselves on the least shock. I

• M. Vauquelin has recently ])rovecl by a direct analysis the presence

of carbon in the purest lydian stones. I had found, in a series of experi-

ments made on the galvanic exciters in 1798, that the lydian stones of the

transition schists of Steeben produced jointly with zinc the same effect as

graphite or carburet of iron. I have since made sonic trials to prove che-

mically the presence of carbon in several varieties oflydia-i otone.— Sec
my Experiments on the Nervous and Muscular Fibre (in German), t. ii.

pp.163.
\ See an account of the whole of these phainomena of the vol(;anos of

Popayan in my Essai stir Ic Gisemcnl ilcs Jiocltcs, 18-3, pp. Ii2!), i;j9, 340.

\ I have already remarked elsewhere in theyl;;);. dcChiiinc,thi\t at Paramo
de Guanacas, where the road from Bogota to Poj)a_' an passes to the height

of 14,700 feet, there has been seen fall, not snow, but rod hail. Did it inclose

those same germs of vegetable organization which have been discovered

above the polar circle ?

had
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had already twice observed and described this phaenomenon, in
the mountains of Bareuth, andnear Cracow, during ajourney in

Poland. Can it be admitted that the successive layers which are
added to the central nucleus are in a state offluidity so great that
the rotary motion can cause the flattening of the spheroids?
When the barometer indicated that we were come very near

the limit of perpetual snow, we found the masses of suljihur

disseminated in imperfectly columnar trachylic rocks aug-
mented. This pliEenomenon struck me the more, as I knew
how rare sulphur is on the sides of inflamed volcanos:—a co-
lumn of 3^ellowish smoke and a frightful noise informed us of
the neighbourhood of one of the mouths {bocas) of the volca-
no. We had some trouble to approach its edge ; the declivity

of the mountain being very steep, and the crevices only covered
by a crust of sulphur, of whose thickness we were ignorant. We
believed we might rate the extent of this crust, which is often

interrupted by rocks, at more than 12,000 square feet. These
little ridges of trachytic rocks act strongly on the magnet. I tried

to keep at as much distance from them as possible, to determine
the inclination of the needle. It was at the town of Popayan
(height 5825 English feet) 23°,05, centesimal division; at the
village of Purace (height 8671 feet) 21°,81; near the summit of
the volcano of Purace (height 14,542 feet) 20°,85. The in-

tensity of the magnetic force varied very little at Popayan and
at the village of Purace; and the diminution of the inclination

is certainly not tlie effect of the height, as is proved by so

many other observations which I have made on the summit of
the Andes, but the effect of local attractions depending on
certain centres of action in the trachytes.

The mouth of the volcano of Puiace is a perpendicular

cleft, the visible opening of which is only 6 feet long and 3
broad It is covered in form of a vault by a layer of very

pure sulphur, which is 18 inches thick, andv.hich the forc»of

the elastic vapours has split on the north side. At the distance

of 12 feet from the mouth we felt an agreeable heat. The cen-

tigrade thermometer, which had kept till then at 6°,2 (43° F.)

(a cold not at all considerable in a time ofhail, and at a height of

14,356 feet), rose to 15" (61° F.). Placed in such a manner as

not to be incommoded by the vapours, we had the pleasure of

drying our clothes. The frightful noise which is heard near

this opening has almost always the same intensity : it can
only b-; comptired to that which would be caused by several

steam-engines together, were the dense steam suffered to

escape from all at the same moment. We threw great stones

into the crevice, and we discovered on this occasion that the

Vol. 65. No. 322. Feb. 1825. P opening
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opening communicated with a basin full of boiling water.

The vapours which escape with so much violence are of the

sulphurous acid, which is indicated by their suffocating smell.

We shall soon see that the water of the subterraneous lake

is charged with sulphuretted hydrogen ; but the odour of this

gas is not smelt at the summit of the volcano, because it is

disguised by the much stronger smell of the sulphurous acid

vapours. 1 had not any means of determining the tempera-

ture of these vapours, which seem to undergo a prodigiously

strong pressure in the interior of the volcano. As the Indians

pretend that the opening has several compartments which are

not all filled with water, and that the noise which is heard at

times in the interior of the crevice is the forerunner of flames,

I introduced, by means of a long pole, some pa}iers coloured

with ihe tincture of violet, under the vault, where I could be

sure of not touching the surface of the water. Drawing back

the pole, I found the papers strongly reddened, but not at all

inflamed, as was easy to be fojeseen.

We succeeded after several vain attempts in obtaining some
water from the crevice : thisawas by tying a tutuma (the fruit of

the Crelcentia Cujete) to a stick 8 feet long. The water was
directly poured into a bottle hermetically stopped. We ex-

amined it on our return to the village of Purace : it exhaled a
strong smell of sulphuretted hj-drogen ; it had no acid taste,

but some weak precipitates caused by the nitrate of silver

showed the presence of muriatic acid. The crust of sulphur

which forms above the mouth arises without doubt from the

contact of the vapours of sulphurous acid with the sulphuretted

hydrogen which the subterraneous lake disengages. Even the

water of this lake is covered with a coat of sulphur, which dis-

appeared in the places where we threw the stones. It results

from these observations, that only the presence of the muriatic

acid, or of combinations of this acid with salifiable bases, indi-

cates a feeble analogy between the waters of Rio Vinagre and
those of the lakes, 'rhe first, which spring much lower, at the

declivity of the volcano of Purace, are charged with free sul-

phuric acid : the others, which are found at the summit of the

volcano, contain sulphuretted hydrogen. As the upper mouths
are found at very different heights above the level of the sea,

it may be supposed that their subterraneous waters are owing
to the melting of the snows, and that they do not communicate.
The Rio Vinagre receives its acid in the interior of a volcano
which abounds in sulphur, and the temperature of which ap-
pears extremely elevated, although for centuries no luminous
phoenomenon has been perceived at its summit.

The
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The good curate of the village of Purace thought to render

a great service to his parishioners, as well as to the inhabitants

of the town of Popayan, in causing, as he said, the chimneys

of the volcano to be cleaned now and then. Pie ordered the

Indians to take away the crust of sulphur which rises in form

of a dome above the crevice. This crust has acquired some-

times, as they affirm, a thickness of as much as four feet in

less than two years. It lessens without doubt the opening by

which the vapours of sulphurous acid escape; but it may be

conceived that the elastic force of these vapours is such that,

if the opening were entirely stopped up for some moments,

it would sooner break the new arch than produce commotions

by acting against the rocky sides of the volcano. For several

years the lakes, which represent in miniature the crater-lakes

of our extinguished volcanos, seem each to preserve the same

level of their luie of water; which proves that the evaporation

is equal to the infiltration of the waters of snow and rain

:

but this equilibrium has not always been equally steady.

About the year 1790 the Boca grande caused partial inun-

dations. I dwell on this phaenomenon, because it seems to

throw some light on a problem of the geology of volca-

nos, which has not been sufficiently examined: I mean the

ejections of water and mud. At Vesuvius these ejections

are only apparent, and come neither from the interior of the

crater nor from the lateral crevices. An immense electric

tension manifests itself in the atmosphere which surrounds

the summit of the volcano at the time of great eruptions.

Flashes of lightning cleave the air; the aqueous vapours

thrown out by the crater are cooled ; thick clouds envelop the

summit during the continuance of this storm, confined to a

little space; the water descends in torrents, and is mixed with

the tufaceous substances which it drags with it*. These ef-

fects, purely meteorological, have given rise to the traditions

about boiling waters that issued from the crater of Vesuvius

M. cle la Condaminc {Memoires de VAcademic 1754, p. 18) had already

cxi>ressed very precise ideas on the cause of these phaenomena, which are

found e(jually well explained in the Stnrin deW hwcndio dti 1737, published

l)v theAcademy of Naples. I saw in my last journey to Naples, (December

1 82-2,) the ravages caused by the torrents of water from the side of Ottajano,

at the foot of Vesuvius. They had transported into the plain, not only

mud, but masses of lava 48 feet in circumference and iJ.i feet high. See

the excellent description of these pha-nomena by MM. Monticelli and

Covelli. {Sloria del Vesuvio dcg/i nnni 1H21— 18i2;J, p. «J1— i>8.) Phil.

Map. vol, Ixiii. p. 46. lly the mixture of the rain and the volcanic cin-

ders, there is formed in the air {I.e. p.!H) a kind of pisolites with concen-

tric layers, which I also found on the plain of 1 lanibato, anion}; the ancient

ejections of the Carguaira/o. The inhabitants of the province of Quito

call these pisolites rmtli /lai/stoiiei.

V 2 in
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in 1631 ; fabulous traditions, which are perpetuated by an in-

scription at Portici,

In the volcanos of the Andes which exceed the limit of per-

petual snow, the causes of inundations are very different from

those which we have just indicated. As the eruptions of

these colossal summits take place only after long intervals

(every thirty or forty years, or still more rarely), banks of snow
of an enormous thickness accumulate on the sides ol the moun-
tains. These snows do not melt at the time of the explosion

only, but sometimes several days before. Thus in February

1803, during my stay at Guayaquil, the inhabitants of the

province of Quito were frightened at the appearance of the

cone of Cotopaxi, which lost a great part of its snows in

a single night, and showed plainly the black colour of its

burnt rocks. Whatever idea may be formed of the power
of the volcanic forces, and of the intensity of the subterraneous

fires in the Andes, it cannot be admitted that the thick sides

of a cone could be uniformly warmed, and transmit the heat

with such rapidity (by the conductibility of their mass) to the

outside. The sudden melting of the snows, when, in the Cor-
dilleras, it precedes the eruptions, is probably owing only to

an infinity of little fumarolcs which disengage hot vapours

through the fissured rock of the cone. These vapours, accord-

ing to what I have had opportunity of observing in the cra-

ters of Vesuvius, the Peak of Tenerifte, and the volcano of

Jorullo in Mexico, are most frequently pure water, which
does not act at all on the most sensible re-agents ; at other

times they contain muriatic acid. It is remarked that the

same crevice gives, at very near epochs, distilled (pure) water

and very acid waters. The artificial spring which M. Gim-
bernat has had the ingenious itlea of forming at the sum-
mit of Vesuvius, by the condensation of the vapours in a glass

tube, has sometimes shown these variations : they prove either

the change of chemical action in the interior of the volcano,

or the accidental opening of some new communications. In

the Andes of Quito, as in Iceland, and in the eruptions of

iEtna of March 23, 1536, and March 6, 175.5, the sudden
melting of the banks of snow produced great devastations*.

At other times, by slow infiltrations the snow waters are ac-

cumulated in the lateral cavities of the volcano; shocks of

violent earthquakes, which do not always coincide with the

epoch of the fiery eruptions, open these cavities ; and waters

long kept in, which support little fish of the genus Pimelodes,

carry with them pidverized trachytes, piunice-stones, tufas,

• Ferrara, Campi Ftvgrn,\H\{), p. 1 6.^.—Idem, Dcsn-k. ddP Etna, 1818,

p. 89, 116-120.

and
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and other incoherent matters. These liquid ejections spread
sterility over the plains for centuries. Muddy clays [lodazales)

covered a space of more than four square leagues, when, in

the night of the 19th of June 1698, the Peak of Carguai-
razo, the actual height of which exceeds 15,700 feet, sunk
down with a noise. The lakes of sulphureous water that we
found at the summit of Purace, explain what the inhabit-

ants of Quito report of the fetid smell of the waters which de-

scend sometimes from the sides of the volcanos during great

eruptions. Struck with the novelty of these phaenomena,
which we only mention here, the Spanish Conqiiistadorcshave,

since the sixteenth century, distinguished two sorts of volca-

noes,—the Jire volcanos and the 'joater volcanos [volcanes de

fuego y de agua). This last denomination, which one might
say was invented to bring near to each other the volcanists and
the 7ieptunists, and to put an end to the famous schism of

dogmatical geology, has been applied especially to the moun-
tains of Guatimala and of the Archipelago of the Philippines.

The Volcan de anff/a, placed between the volcano of Guatimala*

and that of Pocaya, ruined, by torrents of water and stones

which it sent forth the 11th of September 1541, the town of

Almolonga, which is the ancient capital of the country. This
mountain does not attain the limit of perpetual snow, but it

remains covered with snow several months of the year. When
we call to mind the confusion of the accounts that are found

in our own days in the public papers of P^urope, every time

that ^^tna or Vesuvius are in action, we cannot complain of

the uncertainty in which the chroniclers of Spanish America
and \\\Q.Conq%iistadorcsoH\\e sixteenth century leave us respect-

ing the phenomena of T'o/tY/;//c inundations, so worthy of enga-

ging the attention of natural philoso))hers. During the eruption

of/P^tnain 1792, there opened on thedeclivity of the volcano,

3 miles from the crater, a gulff from which issued for se-

veral weeks water niixed with ashes, scoriae, and clays. These
liquid ejections, which must not be confounded with the phse-

* Juarros, Compcndio de la Hhlorin de Gimlcmaln, 1800, t. i. p. 7~ ; t. ii.

p. 351.— Rciiiesal, llml. dc la Proviiwia dc San-Viccntc, lib. iv. cap. G.

—

Also in tlie great eruption of the volcano of the [)rovince of Sinano in

Japan (July 27, 17^>'5), boiling waters were mixed with the rapilli. {Memoire
tur la Di/nattic rcgnnnlc dcx Dj()[i,()inix. 1820, p. 182.)

\ Ferrara, Dcscr. dtW F.lna, p. l.'?2. As this pha'noincnon seems to

have some relation to that of the Mnifa dc I'clilco, which contains the carbu-

rets of hydrotjen, and which I made known at niy rctnrn from America, (

obtained very lately an explanatory nmniiscript note from the learned Si-

cilian prf)lo;{ist, M. Kerrara, on the nniddy eruption of i'Etna observed

March 'j:., 17r»2.

' nouu'tioii
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nomenon of the Salses*, ov air volcanos, wei*e very thick.

It is easily conceivable that, in the equinoctial zone, even very

low mountains may by a particular disposition of their sub-

terraneous cavities, and by the excessive abundance of the

tropical rains, be subject to cause frightful inundations each

time that they undergo shocks of earthquakes. Furthermore,

the phaenomena which we have been describing are repeated

from time to time far from the volcanos, in secondary moun-

tains, in the centre of Europe. Sad examples have proved

in our days that in the Alps of Switzerland, where no shocks

of earthquakes are felt, a simple hydrostatic pressure lifts up

and breaks with violence banks of rock, throwing them to a

great distance, as if they were projected by elastic forces.

The trachytes of Purace contain sulphur like those of Mont-
Doi'e in Auvergne, of Budoshegy in Transylvania, of the

Isle of Montserrat in the Litde Antilles, and of the Anti-

sana in the Andes of Quito. It is still formed daily in the

clefts around the gulfs of Purace, either by a very slow subli-

roation, or by the contact of the sulphurous acid vapours

with the sulphuretted hydrogen of the lake. The volcano la-

bours in its interior like the solfataras; but it presents nothing

in its form that resembles the places which are designated by

that name, and which I have visited ; for example, the 50^-
taras of Puzzuoli, the Peak of Teneriffe, and the volcano

of Jorullo in Mexico. These last three are craters which

have vomited lava; they show that their first state was very

different to that in which we see them at present. With very

elevated temperatures, the chemical products of a volcano are

not the same as with a very low temperature. If the appella-

tion solfatara be given indefinitely to every place where sul-

phur is formed or deposited, this denomination may also be

applied to a district which I shall describe here, and which

contrasts singularly with the trachytes of volcanos. In cross-

ing the Cordilleras of the Andes of Quindiu, between the ba-

sins of the Cauca and of the Magdalena (lat. 4° 50'— 4° 45')

I saw an immense formation of gneiss and of micaceous schist

resting immediately on an ancient granite. The layers of

micaceous schist which alternate with strata of gneiss are free

from garnets, whilst the gneiss contains many. But, in these

same primitive micaceous schists, a little to the west of the

station of the Moral, at the height of 6800 feet above the

level of the sea, in the Qiiebrada del Azitfral, some decayed veins

* There is only the muddy torrent {Jiume di fotngo) of Santa-Maria-

Nascemi (March 1 8, 1 790), in the Val di Noto, which seems to me to belong

to the action of the Salses.

extremely
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extremely full of crevices abound in sulphur*, and exhale a sul-

phureous vapour, the temperature of which rose to 47°8 cen-
tesimal (118° F.), when the surrounding air was at 20°2(68°F.)
Here then is repeated on a small scale, in the clefts ofa primitive

rock, the phaenomena of the trachytic solfatara of Budoshegy
in Transylvania, which has been recently examined by M.
Boue. The micaceous schist of Quindiu, which surrounds the
open veins^ is decomposed, and the sulphur is formed in masses
considerable enough to become the object of a sulphur-work
which supports a family settled in the ravine of the Azufral.

The rock contains some decomposed pyrites; but I much
doubt whether these pyrites perform the important part in

nature which has been so long ascribed to them in geological

treatises. In the midst of the granitic rocks of Quindiu rise

the trachytes ofthe volcano of Tolima, a truncated cone, which
reminds us of the form of the Cotopaxi, and which, according
to a geodesic measurement made by me at the west of Ibague,

is the highest summit of the Andes in the northern hemi-
sphere f. A rivulet which emits considerably the smell of
sulphuretted hydrogen descends from the Peak of Tolima,
and proves that the trachytes which have penetrated the

granitic rocks also contain sulphur. Two learned travellers,

MM. Rivero and Boussingault, have recently visited this little

solfatara in the micaceous schist of Quindiu : they have sent

some specimens to the cabinet of the Ecole des Mines at Paris,

which contains the most complete and instructive series of geo-
ynostic specimens. Following the Cordillera ofthe Andes south-

wards, these same alternations of primitive formations and of
porphyritic and trachytic regions are found :—but what was my
surprise, when beyond the equator I ascertained that the cele-

brated mountain of sulphur of Ticsan (S. lat. 2" lo'), between
Quito and Cuenca, is neither composed of trachyte, nor of
chalk or of gypsum, but of micaceous schist.

This mountain of sulphur, which the Indians call Qiiello, is

situated, according to my barometric measurement, at the

height of 8000 feet above the level of the ocean. It is entirely

composed of primitive micaceous schist
{ glimmerschiejer^

which is not even anthracitic, as are the varieties of this rock
peculiar to transition countries. In some very deep ravines

between Ticsan and Alausi, the micaceous schist is seen rest-

ing on gneiss. The sulphur is contained in a stratum of quartz

which is more than 1200 feet thick: it lies in a tolerably re-

gular direction N. 18° E., and inclined like the micaceous

• See my Barometric and CJcognostic Levelling of the Cordilleras, No. \02.

t Height 1H,:521 icct; N. iat. W" 4ti'.

schist
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schist from 70° to 80° to the north west. The bed of quartz,

which passes sometimes into the hornstone, is wrought in an

open working. The dechvity of the Cerro Qiiello, on which
the works were begun some centuries since, is opposite to

the south-south-eust ; and the bed of quartz appears to be

prolonged towards the north-north-west, that is to say, to-

wards the coast of the Pacific Ocean. It is however asserted

that sul})]uu' has not been found on the surface of the ground
in this direction to the distance of 2000 toises from Ticsan.

All is covered there with a thick vegetatioii. Towards the

end of the eighteenth century, masses of sulphur were still

worked, which were from 2 to 3 feet in diameter. At present

they are working some quartzose strata much less lich, in

which the sulphur is only dispersed in nodules from 3 to 4

inches thick. It is observed that the quantity of sul))hur in-

creases with the depth ; but the working has been so unskil-

fully directed that the lower strata are nearly inaccessible.

The quartz in which the sulphur is dispersed presents neither

^reat fissures nor cavities, or druses ; nor have I been able

to find any specimen of crystallized sulphur.

The mineral which is the object of the working of the Cejio

Qiicllo does not form a mass or complication of veins, as might
be supposed : the sulphur is dissemuiated without any con-

tinuity by little masses in the quartz which traverses the mi-

caceous schist in a direction parallel to its strata. The clefts

that have perhaps formerly united these masses are no
longer visible, but all the quartz seems to have undergone
an extraordinary change. It is tarnished, often brittle,

and breaks in some parts on the least shock ; which indicates

an imperceptible cleavage. The temperature of the rock

did not differ from that of the exterior air. The inha-

bitants like to attribute the violent earthquakes to which their

country has been sometimes exposed to concavities which
they suppose to exist under the mountain of sulphur. If this

hypothesis be well founded, it must be admitted that the cause

which it indicates acts but locall}'. In the great catastrophe

of the 4th of February 1797, which destroyed so many thou-

sand Indians in the province of Quito,—the three places where
there is the most sulphur, the Cerro Quello, the Azufral of

Cuesaca near to the Villa of Ibarra, and the Machay of Saint-

Simon, near the volcano of Antisana, were but very feebly

agitated ; but at a much earlier period there has been ex-

perienced, even on the bed of quartz which includes the sul-

phur near Ticsan, an explosion similar to that of a mine.

The bed of quartz appears at the surface on the two sides of

the little river of Alausi; and facing the Cerro Quello is

found
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found a little plain, where, in the seventeenth century, was si-

tuated the village of Ticsan. The ruins of the church of Pueblo

Viejo are still seen. An earthquake wholly local (for its effects

were confined to a very small s}:)ace of country) made the sur-

rounding hills sink down : a part of the village sunk; another

part was thrown into the air, as happened at Riobamba,
where I found the bones of the unfortunate inhabitants of the

town thrown on the Cerro de la Culca, to a height of several

hundred feet. The Indians of Ticsan who survived this ca-

tastrophe constructed their habitations more to the north, far

from the mountain of sulphur whose neighbourhood they

dreaded. It may be that the coincidence of these phaenomena
of explosion and of tlie position [gisement) of a substance easy

to be converted into elastic vapours has only been accidental

:

but it may be also that ancient communications with the interior

of the globe, those upon which is formed by sublimation the

immense deposit of sulphur, become re-established from time

to time, and allow the volcanic forces to shake the surface of

the soil. Near the ruins of Pueblo Viejo of Ticsan I found a

hill of gypsum lying above the micaceous schist: as this hill is

not covered by other formations, it is difficult to decide whether

the gypsum, partly fibrous and mixed with clay, is primitive,

like that of Val Canaria, or transition, like the gypsum of the

Tarentaise.

The abundance of sulphur in primitive countries is a very

important geological fact, in relation to the study of volcanos

and of rocks through which the subterraneous fire has opened

itself a passage. Before I had visited the Andes of Quito and

the mountain of Ticsan, sul]>hur was known only in the tran-

sition limestone and gypsum ; in the gypsums, marles and mu-
riatiferous clays of secondary countries, and in the rocks ex-

clusively called volcanic. These different geological situations,

to which may be added the tertiary districts, very ill explained

tiie frequency of the sulphureous vapours exhaled by the

mouths of the volcanos whose centre of action was placed (and

doubtless with })ropriety) very much below the secondary and

intermediate rocks. In proportion as we become acquainted

with a greater part of the globe we not only see positive geo-

gnosy, that is to say, the view of the formations and of the geo-

logical positions, extended ; but even gcogomj, or systematic geo-

gnosy, the conjectural science which investigates tlie causes of

phji-'noniena, begins to be founded on the analogy of more
certain facts. We may iiave been struck for some time past

with the little masses of native suljihur which are disseminated

in some metalliferous veins, and which traverse granitic rocks;

for example, in Schwnrzw.'ild, nciir iJicpoldsMu. The moiintiiin

Vol. f)j. No. M'J2. Fill. J»2.'>. (^ of
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of Ticsan wliich I liave made known, leaves no further doubt
respecting the existence of sulphur in the primitive districts.

It has also been lately found in Brazil, that the chloritic

quartz formation which covers, in the Capitania de Minas
Geraes, the primitive clay-slate, contains both gold and sul-

phur. Laminae of this rock strongly heated burn with a

blue flame. Near to Villarica, in the district called Antonio
Pereira, a schist, of the same age as that on which is super-

posed the itacolumite or chloritic quartz, contains a calca-

reous betl traversed by veins of quartz, which the Baron d'Esch-
wege (director of the gold and diamond mines of these coun-

tries) has found filled with little nodules ofpulverulent sulphur.

All these phaenomena increase in interest, when we reflect that

this learned geologist, and also another German traveller

(M. Pohl) incline to the opinicm that gold, micaceous iron, dia-

monds, euclases, platina, and palladium, which are peculiar

to the alluvial districts of Brazil, have been derived either from
the destruction of the great formation of chloritic quartz, or
from that of a ferruginous bed {itabarite) which is placed above
this formation.

XX. On the Nature a?id Pro^jerties ofIndigo ,- xvith Directions

for the Valuation of different Samples. By John Dalton,
Esq. F.B.S. S,r.*

Vl/^E owe the first good approximation to die chemical ana-
Ij'sis of the indigo of commerce to Bergman. Accord-

ing to his experiments, the best samples of indigo yielded, by
analysis, the following principles :

47 pure indigo

12 gum
6 resin

22 earth

1 :i oxide of Iron

100
A subsequent analysis of indigo made by Chevreul [Annal.

de Chimie, t. 68), gives 45 percent oi" pure indigo in the best
Guatimala indigo, and the foreign matters much the same as
by Bergman, but diffeiing considerably in the proportions.
Indeed it is most probable that the foreign matters will be
found to differ materially, both in quantity and kind, from the
various modes and circumstances of the manufacture as prac-
tised in different places, and perhaps from the various species

* From thf Mciiiniis of the Mterary and Phildsopliiral Sodclv of Man-
chester.

of
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of plants from which the indigo is extracted in different parts

of the world.

It is to be understood that the part called pure indigo is

the sole colouring matter, and that which gives value to the

article. The rest may be considered as dross, doing no good,

and being probably harmless to the use of the drug as a dye,

but scarcely so to the printer, who meets with obstructions

enough in the exercise of his art, without introducing such as

may easily be avoided.

When we consider, however, that indigo is produced by a

species of fermentation from vegetable matter, analogous to

the vinous and acetous fermentation of saccharine matter, it is

not improbable that the fermentation in many cases may be
incomplete. And as the foreign matter found in the indigo

of commerce is chiefly vegetable, and composed of the same
elements as pure indigo, it may by a fresh fermentation de-

velop more of the pure indigo than is found in it originally.

This conjecture is countenanced by the practice of dyers, who,
when the indigo is nearly spent, as the phrase is, put in other

vegetable matter to the residue, and by certain processes ob-

tain an addition to the quantity of colouring, which otherwise

would not be acquired. In a similar way I conceive it is that

vinegar made from sugar often contains a considerable portion

of the latter, which has escaped the fermenting process.

There are two ways of obtaining pure indigo. The one is

that commonly practised by dyers in their use of the article.

On a small scale it may be effected as follows: into a two

-

quart bottle put 50 grains of finely pounded indigo, three or

four times as much sulphate of iron, and hj'drate of lime same
weight as the salt of ii'on. Then fill the bottle with water,

leaving little more room than what tlie cork or stopper will

occupy. Mix up the contents by repeated agitation, and then

let the insoluble matters subside. A fine transparent green-

ish-yellow li(jui(l will a})pear in a day or two, which must be

drawn off carefully by a syphon. As soon as this liquid is

agitated in the air it becomes opa(]ue, and a precipitate is

formed, wiiich is pm-e indigo; but it cannot bo collected with-

out some carbonate of lime in the first instance ; it must there-

fore be submitted to water acidulated with muriatic acid, which

dissolves the lime, and leaves the pure indigo to subside.

Afterwards it may be collected on a filtre and dried. The
theory of this process is now well understood. Pure indigo,

deprived of a certain portion of oxygen, is known to be solu-

ble in lime-water ; tlie protoxide of iron, preci})itated by the

lime, deprives it of tliis oxygen, and hence the solution of

the dc-oxidizcd indigo. Such, however, is the affmity of iii-

Q 2 digo
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diTo in this state for oxygen, that it resumes it from atmo-

spheric air the moment they are brought mto contact

^
Pure indiao thus obtained is called precipitated m^xgo .

the

solu on n^ay also be had from a blue-dyer's vat by plungmg

an empty phial into the liquid a few inches bebw the surface.

The^ other way of obtaining pure indigo is by subhmat>on.

Take 20 or 30 grains of pulverized common md,go and place

it in an iron spoon, which must be gradually heated to 500 or

6oS°"ahrenlfeit. A purple smoke will then -hab -pously

and at the same time a fine tissue of small, shining, si ky

needles will start up on the surface of the indigo. These may

Te wiAdrawn by the point of a knife ; they are crystals of sub-

^""p^-'^Zed and Mned indigo appear by ^be ^hem^^^^^^

tests to be constituted of the same elements; and no doubt ,s

Entertained that they present the pure colouring mattei of

indi"-o in its most concentrated form.
- r -. „,;il,

Tliree chemists have published analyses of pure '"'^ SO w.Ui-

in the last three years; namely, Drs. Thomson and Uie, and

Mr W C mu' all of Glasgow. The same plan was adopted

bvkll three ; namely, burnhig a small given portion of indigo

x^ncm tact w th the black oxicfe of copper in green glass Uibes.

Tirndgo being finely divided and intimately diffused

thougha^omparatively large portion of the ox.de heat s

applie"d sufficient to burn the carbon and hydrogai of le.n-

diio and to liberate the azote: hence from the quantities ol

c^bonlc acid and azote produced, and the loss o we^ which

the oxide sustains, the constituents of ind.go ai e infei i ed. 1 He

results are below : Dr. Thomson. Dr. Ure. ^r. Crum.

Carbon 40-39 — 71-37 — /S22

Azote 13-46 - 10 - 1-26

Oxygen 46-15 - 14-25 - 1260

Hydrogen — _!!?. — _f-±l
100 100 100

It is observable that the results of Dr. Ure and Mn Cn.m

present no remarkable differences, except m regard to hytl o-

Sen wl "ist Dr. Thomson finds no hydrogen : and remarkable

iiffe'rences between his results and those of the other two are

found in the articles carbon and oxygen.
., • „c

The atomic constitution of indigo by the above authors .s as

follows: Dr. Thomson. Dr. Ure. ^^'•- C--
Carbon 7 atoms - 16 atoms — 16 atoms
»^aruou ( cii-w.w..

Oxygen 6 do. _ 2 do. - 2 b.

A'it^e 1 do. - 1 do. - do.

6 do. — ^
"25" 23

Azote > "" '
, A An.

Hydrogen_0_ do. — _6_ do. — 4 do.

14
I nni
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'

I am inclined to think the analysis of Mr. Crum as likely

to be an approximation to the constitution of pure indigo as

either of the other two ; and I should adopt his atomic con-

stitution, if he would modify it so as to adopt my weight of the

atom of azote instead of its double, which has somehow got

into common reception as a substitute without any sufficient

reason that I can find. If we adopt my weight for azote,

Mr. Crum's atoms will become 16, 2, 2, and 4; which, bemg

all divisible by 2, become
8 atoms carbon

1 atom oxygen
1 atom azote

2 atoms hydrogen

12

This simplification of the atom of indigo I suggested to

Mr. Crum in a conversation we had together, and he seemed

inclined to adopt it. Referring therefore to my scale ofatomic

numbers, we shall have the atom of pure indigo to consist of

8 atoms carbon 5-4- = 43'2 75*5

1 atom oxygen 7 = 7 12-3

1 atom azote 5=5 8*7

2 atoms hydrogen 1=2 3-5

57-2 100

Mr. Crum, in his very ingenious essay above referred to,

finds that a compound of one atom of indigo and one of water

may be formed by means of sulphuric acid : he denominates

\iphenicin; it may perhaps be better designated by the name

of proto-i^.ydrate of indigo. The common product of sulphuric

acid and indigo, or sulphate of indigo of Dr. Bancroft, he calls

ceridin, and finds it to be a compound of one indigo and two

of water, or the deuto-hydrate of indigo.

I have made no attempts myself to analyse pure indigo into

its constituent elements, but have often tried, both recently

and some years ago, to find the quantity of oxygen required

to convert the green indigo solutions in lime-water into blue

indigo. The results have been pretty uniformly the same—
naniely, that the oxygen which combined with the green in-

digo, to convert it to blue, was about one-seventh or one-eighth

of the whole weight of the resulting indigo ; and lience I

concluded, on the supposition that one atom of oxygen was

added to one of indigo, that the atom of indigo must weigh

about 55, or 5Cy, and this conclusion I pointed out toMr.Crum,

as corrol)oraling his analysis. The quantity of oxygen re-

quired was nnich less, and of course the weight of the atom

()rin<lig<> was much greater than I had anticipated.

We
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We now proceed to the consideration of the best means of

fixing a comparative value upon the different samples of the

indigo of commerce. After numerous trials I find the method
first suggested byDescroisille to judge of the strength of oxy-

muriatic acid to be preferred. The objects indeed are dif-

ferent, but the operations are analogous : he made use of a

given solution of indigo to ascertain the comparative strengths

of various solutions containing oxymuriatic acid ; on the other

hand, I propose to use a solution of oxymuiiatic acid of known
strength, to compare the relative quantities of pure indigo in

different samples.

In the first volume of the Annals of Philosophy (1813) I

pomted out a safe and easy method of estimating the quantity

of oxymuriatic acid, in solutions of oxymuriate of lime, not by
solutions of indigo, which must be variable from the quality

of the indigo, but by solutions of proto-sulphate of iron,

which can always be obtained of the same strength. I say safe

and easy method, notwithstanding we are gravely told by one

professor of chemistry that he had tried the method and

was nearly killed by it; and another states that he had at-

tempted to follow my method, but did not succeed. Any person

who is tolerably skilled in chemical manipulations, and has

the two liquids, sulphate of iron of a known strength, and

oxymuriate of lime of a known specific gravity, before him,

may determine the strength of the oxymuriate in the space of

five minutes. In this time I found the strength of the oxy-

muriate of lime used on the present occasion. Having by me
a solution of proto-sulphate of iron containing eight per cent

oxide, I took 50 grain measures of it and poured them into a

wine glass, then 100 of the oxymuriate, stirring the mixture,

after which no smell was perceived; 100 more were poured

in, still no smell ; then dropped in ten grains at a time by a

dropping tube, stirring the mixture each time; the fifth 10

grains produced a slight but transient smell ; the sixth a

strong and permanent smell. Hence 250 were required to

saturate 50 of the sulphate. The oxide (four grains) being-

divided by nine, gives •44-4 for the weight of oxygen in 250
oxymuriate, or '17 parts of a grain of oxygen are imparted by

each hundred of the liquid.

In the essay above referred to I mentioned another method

of investigating the value of oxymuriate of lime solution

;

but, owing to the then prevailing erroneous notion on the

proportion of the elements of nitric acid, no satisfactory ap-

plication could be made of it. I now find that oxymuriate of

lime converts nitrous gas into nitric acid immediately ; and

hence this operation may be used with great elegance and
precision
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precision to show the real quantity of oxymuriatic acid in so-

lutions.

For example : I took a graduated tube of capacity equal to

300 grains of water ; I filled it with pure nitrous gas, and
then transferred it to a cup of the liquid oxymuriate, valued
above by the sulphate of iron. After repeated agitation, co-
vering the end of the tube carefully with my finger, I soon
had 100 measures of liquid in the tube : then withdrawing it to

a cup of water I agitated repeatedly, letting in water each time,

instead of oxymuriate of lime, because I was aware that the
100 measures already in the tube were not saturated. Soon
after, the process was at an end, no more nitrous gas being
absorbed. The 100 measures of the oxymuriate took 168
measures of nitrous gas to saturate them. Now deducting one-
sixteenth of this for the nitrous gas impregnating the liquid,

and for loss occasioned by the free oxygen gas in the water
which the nitrous gas had to combine with, there will remain
157 nitrous gas =*2 grain weight, which was converted into

nitric acid ; but if we deduct one-eighth part from the weight
of nitrous gas, we shall have the weight of oxygen requisite

to convert it into nitric acid ="175 parts of a grain; only
differing y^^y from the other valuation by sulphate of iron.

To find the value of any sample of indigo, I take one grain

carefully weighed from a mass finely pulverized. I put this

into a small glass, a wine-glass for example ; then by a drop-
ping tube I put two or three grains of concentrated sulphuric

acid upon it. The two principles are next well mixed to-

gether by trituration with the end of a small glass rod. Water
is then poured in, and the colouring matter fully diffused

through it. The liquid is now transferred into a tall cylin-

drical jar, of about one inch internal diameter; more water is

poured in till the mixture becomes sufficiently dilute to show
the figure of the flame of a candle through it. Then the li-

quid oxymuriate is mixed with the Tujuid gradually and by
measure, agitating duly each time, and never putting any more
in till the smell of the preceding has vanished. The liquid

soon becomes transparent and of a beautiful greenish-yellow

appearance ; aftc)- the dross has subsided, the clear liquid may
be ))()ured offj and a little more water put to the sediment,

with a few drops of oxynuniate of lime, and a drop of dilute

sulphuric acid; if more yellow liquid is produced, it arises

from particles of indigo winch have escaped the action of the

oxymuriate before, and must be added to the Test.

The value of the indigo 1 consider in j)ro[)ortion to the

quantity of real oxynuu'iate of lime necessary to destroy its

colour. The vahie also may be well cstimaled by the quantity

and
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and intensity of the ambei'-coloured liquid whicli the indigo

produces, and this is found independently of any valuation of

the oxymuriate of lime.

Some of the samples I have tried, and the results are as
,

under

:

1.

—

Precipitated and sublimed indigo, each one grain, gave

neai'ly the same results. Each of these rec[uired 140 grains

of the oxymuriate of lime solution, corresponding to 25 parts

of a grain of oxj'gen. The yellow liquid obtained was 3G00

grains.

2.—Flora mdigo, one grain, required 70 of the oxymuriate

= *125 parts of a grain of oxygen, or one half of the other.

The same result from a sample marked J. R. best.

3.—Indigoes marked 1 P and 3 P required about 60 of the

oxymuriate.
4.—Those marked J. R. middle, J. R. •worst, and 4 P, re-

quired about 50 oxymuriate.

5.—That marked Wood was rather inferior to the above,

but required above 40 oxymuriate.

6.—Those marked 2 P and 1194 were the lowest I have

examined ; one grain of each did not require more than 30

oxymuriate, or 35 at the most. A poor turbid yellow liquor

was produced. The sample 2 P, when burned, yielded about

30 per cent of fine sand.

Upon a review of these experiments, I am persuaded that

to destroy Indigo by oxymuriatic acid, twice the quantity of

oxygen is necessary that is required to revive it from the lime

solution.

I hope the subject here taken up will not be considered as

unimportant, when we are informed that the article indigo

imported into this country annually, about fifteen years ago,

amounted in value to upwards of two millions of pounds ster-

ling; and it much exceeds that sum in all probability at the

present time.

XXI. On Aerial Navigation. By A Correspondent.

To the Editors ofthe Philosophical Magazine and Jour7ial.

Gentlemen,

THE late passion for balloons has subsided without pro-

ducing any improvement, except a sensible hint in

one of the newspapers, that the aeronaut should carry with

him a long line having a great number of ropes attached, so

as to increase the chance of assistance from below. Yet I

think it will appear that the direction of tliese machines,
. . thouoh
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though a matter of the greatest difficulty, is by no meatis im-
possible. The principles are well worthy the attention of the

scientific mechanist, who would be most usefully employed in

clearing the way, by removing false principles. If he cannot
attain complete success, let him at least contribute any useful

hints, let him feel superior to the ignorant ridicule thrown
upon the subject, since no man of science ever touched a

question, and left it as he found it.

The balloon, by being carried with the same velocity as the

current of air, wants what sailors call " head-way," or "steer-

age-way." Its indifference of position cannot be modified by
keel, rudder, or sail, unless it acquire a relative velocity with

regard to the current, unless it moves slower or faster than

the air in which it floats. If your readers have read of, or

thought of, any means of producing such an effect, even re-

motely plausible, except the following, it would be desirable

that they should appear in your Journal.

1. It has been suggested, that by ascending and descending

while a plane attached to the balloon maintains given angles

to the current, the resolution of forces will enable us to make
some progress. The best method of bringing into action this,

and indeed all other principles for the guidance of these ma-
chines, will be to unite a larger and a smaller balloon by
means of a platform. This platfoi-m may be lowered or raised

at any angle, by sliding a weight towards that balloon which

we may wish to depress. That the principle of angular mo-
tion will be occasionally used, especially in calm weather, is

highly probable, whatever other means shall succeed ; but

that this alone will be effectual, can scarcely be expected.

2. It has been proposed to connect the balloon with a lower

stratum of the air, of greater density and less velocity, so as

to retard the motion of the machine. This would allow us to

employ a keel, rudder, and sails ; and though we could not

proceed against the current, it would enable us to deviate a

few degrees to the right or left of the general direction.

3. It has been proposed to act on the air, as the tail of a

fish acts on water, or as a single oar behind acts in the mo-
tion of a boat. The principle is not generally understood.

By resolution of forces it will appear, that when the animal

bends its tail, the tendency is to draw it back-ward. It is im-

pelled forward by rapidly jerking the tail to its first natural

position. The tail is bent sloxvli/, and unbent quicklt/; and

since the resistance varies nearly as the square of the velo-

city, the force forward is nmch greater than the force b.'ick-

ward. This shows how very nuiterial in the (juestion it is

Vr)l. on. No. 5122. Feh. 1 825. R that
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that the velocity of any machinery used should be consider-

able, a small difference in that producing a considerable dif-

ference in the resulting force. The principle is applied in

swimming.
4. One writer recommends a series of explosions with gun-

powder. This is very crude. It would indeed be possible

to gain some power by creating a vacuum in front of the ma-
chine, and by impelling the air drawn from the front tlu-ough

a pipe, to rush out behind. This might be effected by con-

necting the centre of the pipe with a tube and piston. In

raising the piston, the air will rush through the pipe from the

front, while it is prevented by a valve from passing in through

the other part; on depressing the piston, the air is impelled

through the pipe behind, while another valve prevents its re-

gress to the front. The principle differs but little from that

of the blowing engine and common bellows.

5. Some have thought it possible to tame the eagle, or

imitate his wings ; while others, as Blanchard, matle an ineflec-

tual attempt with valved oars. (See vol. xlix. p. 197, and Ixi.

p. 6, of this Journal.)

6. But let us look philosophically on the matter. In what
cases is the air used as an agent ; and can we by reveiiing the

operation use sunilar means to re-act on the air itself? It is

used to fill the sails of ships, and it has convei'sely been pro-

posed to push out canvass agaftist the air : some power so

gained might be retained, by withdrawing the canvass in a

iblded form, or by valves, or by protruding it with consider-

able velocity, and withdrawing it slowly.

7. Wind is used to turn the sails of mills, and in so act-

ing swells them into curves investigated by mathematicians.

Would it be possible, by turning sails, injiexiblij maintaining

the form so produced.) in an opposite direction, to re-act upon
the air, as it had acted upon the sails ? These sails woulcl be
fixed behind and turned by machinery.

8. We might combine the princijile of the steam-boat pad-
dles with that of the horizontal windmill. The paddles gain
their power by being only partly immersed in the water, so

that in returning they do not act at all. In the horizontal

windmill this difficulty has been and may be obviated by a
great number of ingenious contrivances ; for some of which see

Dr. Brewster's Encijcloptsdia, " Mechanics," and its references,

p. 570. Those paddles may be fixed on the edges of the
platform connecting our two balloons, the sails of the paddles
being so constructed as to furl themselves in returning. There
)s great advantage ni makmg oin- power operate by a rotar)'

motion,
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motion ; and we should remember that an impulse once given

will maintain itself long with little support. Virgil says of

the dove:
" Celeres neque commovet alas."

Having enumerated such suggestions as do not seem utterly

groundless, and which may separately or in combination sup-

j)ly materials for the speculations of others, I will add a hope

that the Society of Arts may draw the attention of scientific

persons to a full investigation of the question. Youi-s &c.

QUERIES. Septimus.

1. Does not the velocity of an aerial current generally di-

minish very rapidly as it approaches the earth, and should

not an aerostatic machine be kept low in the air, except when
the current is favourable?

—

Vide Principia, book ii. last sect.

2. Since the resistance varies nearly as av^— bv, v being

the velocity ; and since the power acting upon the air may
move with much greater velocity than that produced in the

balloon's motion,—will not power be gained by acting in the

lower and denser strata of the atmosphere ?

3. Must not the line of direction of any force, to be applied

with a maximum effect, pass through the centre of pressure

of the system ? And what must be the position of a plane

connecting two balloons, that a force acting in the direction of

the plane may pass through the centre of pressure of the whole

system, one balloon being supposed to precede ?

4. Let a fan be wound spirally about a rod, like an Archi-

medes' screw, and let the rod turn in the air on its axis with

a uniform velocity,—will the rod acquire any other motion in

addition to its motion of rotation, and in what direction ?

XXII. Notices respecting New Books,

PROPOSALS have been issued for publishing by sub-

scription, in about fifty quarterly parts. Species Conchy-

limum: or, Descriptions of all the known species of Recent

Shells. By G. B. Sowerby, F.L.S. Illustrated with coloured

plates, by J. D. C. Sowerby, F.L.S.—The temporary posses-

sion of the celebrated Tankerville Collection, Messrs. Sowerby

observe, will enable them to secure drawings and descriptions

of many shells that could not otherwise be easily obtained

:

this, in addition to their own private collections, and the im-

mense number of species contained in the collection late the

property of Mr. George Humphrey, with the access they have

to the cabinets of many of their friends, will enable them to

render this work by fur tlie most complete of its kind.

R 2 Recently
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Recenily published.

Nos. III. and IV. of the Zoological Journal.

The sixth edition of Dr. Paris's Pharmacologia ; in which
is introduced a revolving scale, termed the Medical Dyname-
ter, showing the absolute and relative strength of the different

preparations of medicine : in 2 vols. 8vo.

Traite de Chimie Elementaire, thearique et pratique ,- par
J. L. Thenard. 5 vols. 8vo ; fourth edition, 1824.

Sur la Distribution de la Chaleur dans un arineau homogaie
et d!une epaisseur constante lorsque la temperatui e du lieu oii il

est place varie d'tm point a un autre; par M. Poisson. (Con-

naissance de Temps, 1826.)

Plantes Cryptogames du Noi'd de la France ,- par J. B. H. J.

Desmazieres. Fasc. I. Lisle 1825. Treuttel and Wiirtz.

Second Discours sur la Geometric et la Mecanique appliquees

aux Arts.—Resume general des Applications de la Geometric :

Discours prononce dans I'amphitheatre du Conservatoire des

arts et metiers, le 22 Decembre 1824 ; par Charles Dupin, de
VAcademie des Sciences. Paris 1825. 8vo.

Systema Algarum adumbravit E. A. Agardh, Professor.

Lund. 1824. 1 vol. 12mo.
Pomona Italiana, &c. The Pomona of Italy, or a Treatise

on the Fruit-Trees of that country ; by George Gallesio.

Pisa, 1817—1824.

ANALYSIS OF PERIODICAL WORKS ON NATURAL HISTORY.

Curtis^s British Entomology. No. 12.

PI. 47. Pogonus BurrelUi, a very pretty species belonging to this genus,

(which is Raptor of Megerle) discovered in abundance in Norfolk by the

Rev. Mr. Burrell, from whom it receives its name.— PI. 48. Pontia Daplidice,

the only figure that has ever been given of a British specimen of this ex-

tremely rare insect, those appearing in other works having been drawn
from foreign specimens.— PI. 49. Trichiosoma laterale, a species never be-

fore figured of a genus formed by Dr. Leach, from the Fabrician genus

Cimbex.— PI. 50. Limnobia ocellam, a very pretty species, which, al-

though described by Linnaeus, has never before been figured. There are

several species with the wings ornamented with pretty ocellated spots;

from all of which this may be distinguished by the single black annulation

round each femur.

Having here concluded his first volume, the author thus briefly reviews its

contents. " It has been found necessary to establish four new genera, j4ca«<Ao-

soma, Sarrothripus, Peronea, and H<Bmohora; five more are now for the first

time recorded as British, viz. Pogonus, Omaseus, Xyela, Ibalia, and Eumenet,
—Figures of fourteen of the species it is believed have never before been
published in any w6rk, viz. Pogontis BurrelUi, Omaseus aterrimus, Aphoditis

vUlotus, Hydrometra Stagnorum (with wings), Velia Rimilorum, Peronea ru-

ficostana, Cimbex decem^maculata. Trichiosoma laterale, Eumenet alricornis,

Clenopliora ornata, Limnobia ocellaris, Pachygaster Lcachii, Anthrax ornata,

and
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and HcBtnobora palUpes ; of the remaining thirty-six species, only eleven of
them have been figured in any British work.—It is not only hoped that
these novelties will be sufficient to recommend this volume to the student,
but likewise render it useful to those more advanced in the science both
at home and abroad. The author also trusts that those who have pur-
chased the volume for its embellishments, or for the figures of the British

plants which it contains, will not have been disappointed in the selection

that has been made."
The execution of the work, as far as it has hitherto proceeded, abund-

antly justifies the favourable opinion which its fii'st numbers led us to ex-
press ; and we sincerely hope that Mr.Curtis's meritorious labours as an artist

and naturalist will meet with the encouragement which they richly deserve.

Vol. II. Nos. 13 & 14.

PI. 51. Platypus cylindrxis, a singular insect belonging to Latreille's

Q\2lS>% Heteromera, but which has a fifth minute joint at the base of the
terminal one, as Mr. W. S. MacLeay has lately proved many of the Cur-
cxdionideB to have, and which he has lately demonstrated before the Zoolo-
gical Club.— PI. 52. Onthophagus Taurus. A male of this curious insect

having been taken last autumn in the New Forest, a figure of it is given for

the first time in any British work.—PI. 53. ^geria Ichneuvioniformis Fab.

:

Fespifor»its Haworth ; a very rare species of the natural and beautiful

genus JEgeria, which is rendered remarkable by the ocelli, which, as the
author observes, is an additional proof of analogy between this Order and
Trichoptera. He has also revised the genus, and settled the true names
and synonyms, which in this country until now were in great confusion.

—

PI. 54. Lophyrus Pint. Both sexes of this beautiful and singular insect

are figured, and an interesting account of them given from the learned
De Geer.—PI. 55. Melasis buprestoides ; a figure of this curious and inte-

resting insect has never before appeared in any British work, and the only
dissections that we know of the "instruraenta cibaria," which are given by
Olivier, are \ery far from accurate.—PI. 56. Eulepia Cribnim. We know
of no figure of this extremely rare insect except in the work of Hubner, of
which probably there are not more than two complete copies in the king-

dom : the pectinated antennae separating it from Lithosia, and the ge-

neral habit from Eyprepia, the author has divided this and Bombyx gra-
minica from them, and established them as a new genus ; and we think that

dissections of such rare insects as have never been attempted before in

any work upon this beautiful Order, must be very interesting to the Lepi-

dopterist.— PI. 57. Leptocerus ochracetis, a new species of this pretty

genus. The dissections here again must be very valuable to the investigator

of nature; as there are, we believe, no dissections of this family,excepting

the Labrum in Savigny's Memoires sur Ics Animaux sans Vcrlchrcs.— PI. 58.

Cryptus pallipcs. The male of this curious insect is here given, which is now
figured for the first time, having been first described by Dr. Leach in the

Zoological Miscellany.

Lectures on the Phcetiomena and History of Igneous Meteors

and Meteo7-ites.

E. W, Brayley junior, A.L.S., will shortly commence, at

the Russel Institution, Great Coram-street, a Course of Lec-

tures on the Phaenomena and History of Igneous Meteors and
Meteorites; to be illustrated by a series of transparent dia-

grams of Meteors, an extensive collection of Meteorites, and
various experiments in Chemistry and Natural Philosopliy.

THli
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THE LATE ALEXANDER TILLOCH, LL.D.

It is with feelings of deep emotion that we have to announce

to our readers the death of a gentleman with whose name

and talents they have long been acquainted—Dr. Alexander

Tilloch, the founder and editor of the Philosophical Maga-

zine, the second monthly periodical work wholly devoted to

scientific subjects published in this country ; the first having

been Mr. Nicholson's Philosophical Journal, which some years

since merged into this work.

We have neither the leisure nor would our feelings permit

us to do justice to the memory of our late much-esteemed

friend and coadjutor ; we shall however lose no time in pre-

paring such a Memoir of him as his character and talents

demand, and which will be given in a future Number of the

Philosophical Magazine:— our present notice therefore can

only be considered as a brief obituary.

Alexander Tilloch was a native of Glasgow, where he was

born on the 28th of February 1759. After receiving that li-

beral education which in Scotland is so much more accessible

than in England, inured from his earliest life to a habit of

thinking for himself, possessing an inquisitive mind, and im-

bibing an ardent thirst for knowledge, he devoted much of

his attention to the art ofprinting, in which he conceived much
improvement remained to be made. As he was not bred a

printer himself, he had recourse to Mr. Foulis, printer of the

University of Glasgow, to whom he applied for types to make
an experiment in a new process, and that nothing less than

the art of stereotype printing : the experiment succeeded, and

Mr. Foulis, who was a very ingenious man, became so con-

vinced of its practicability and excellence, that he entered

into partnership with him in order to caiTy it on. They took

out patents in both England and Scotland, and printed se-

veral small volumes from stereotype plates. A fewj'ears after-

wards Dr. Tilloch discovered that although he had invented

stereotype printing, yet he was but a second inventor, and

that the art had been exercised by a Mr. Ged of Edinburgh,

jeweller, nearly fifty years before. This circumstance, if it

did not disgust Dr. Tilloch, made him think less of his dis-

covery; and soon after he left Glasgow for London, where he

became one of the jnoprietors of the Star evening newspaper;
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but even the avocations of a daily journal, and the political

'

vortex into which all connected with it are unavoidably

driven, could not divert his mind from its favourite pur-

suits. He saw with regret that while in London there were

a host of periodicals, there was but one in which the man of

science could embody his own discoveries or become acquaint-

ed with those of others ; he therefore projected and commenced

\ the Philosophical Magazine, which has now reached its 65th

I
volume. The example was soon afterwards followed; but al-

ii
though there are now several works of a similar description,

a the Philos()j)hical Magazine has continued to maintain its high

1 character. To this the philosophical acquirements of the

I

Editor, who possessed an extensive knowledge of many de-

I

partments of physical science, were in a great degree con-

I ducive ; and various papers by himself in the earlier volumes

I
are by no means the least interesting of their contents. During

f the last three years, howevei', the ravages of the disorder which

has terminated in his death, disabled him from taking an ac-

tive part in conducting the work.

Dr. Tilloch devoted much of his valuable time to the Steam-

engine, and had a large share in suggesting and maturing

the improvement on what is called Woolf's Engine. The ruling

passion may be said in Dr. Tilloch to have been strong almost

even in death; for he had entered a new patent for a steam-en-

gine only a fortnight before death closed his eyes, and the world

lost a man who had devoted a long life to the advancement of

science. This melancholy event took place at his house in

Barnsbury-street, Islington, on the 2Gth of January last.

In private life Dr. Tilloch was amiable; hi conversation acute,

intelligent, and communicative; few persons possessed a clearer

understanding or a warmer heart. We have already stated

that Dr. Tilloch was one of the proprietors of the Star news-

))aper, and liar many years lie took an active share in its

management ; for the last five years, however, the editing has

been confided to other hands, and the opportunities that a

long and protracted sickness enabled him to devote to study

were appropriated to science, in the promotion of which he

was always ardent and persevering

Dr. Tilloch was a member of several literary and scientific

societies, and f«-w individuals had stronger claims to those

distinctions
BOB
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XXIII. Proceediiigs of Learned Societies.

ROYAL SOCIETY.

-THHE reading of Dr. Kidd's paper On the ana-
-' tomy of the mole-cricket, was concluded ; and a

notice read, On the nerves of the human placenta; by Sir

E. Home, Bart. V.P.R.S.

Feb. 10.—A paper was read, entitled Notice of the 7gMa-

nodon, a fossil herbivorous reptile found in the sandstone of

Tilgate Forest; by Gideon Mantell, F.L.S. Communicated
by Davies Gilbert, Esq. V.P.R.S.

Feb. 1 7.—A paper was read, entitled An experimental in-

quiry into the nature of the radiant heating effects from ter-

restrial sources; by the Rev. B. Powell, M.A. F.R.S.

Feb. 24.— Dr. John Thomson, F.R.S., communicated a

paper, On the materno-fcetal circulation, by David Williams,

M.D. ;
part of which was read, and the remainder postponed

to the next meeting.

LINN.EAN SOCIETY.

Feb. 1.—A paper was read, On the structure of the tarsus

in the tetramerous and trimerous Coleoptera of the French en-

tomologists. By W. S. MacLeay, Esq. A.M. F.L.S.

It is the object of this communication to show that all

Coleoptera are typically pentamerous; that the tarsal system

not only violates many obvious relations both of affinity and
analogy, but is not even founded in truth ; the majority of

insects classed as tetramerous having in reality not Jour but

Jive joints: as for instance, the Linnaean genera Curculio, Ce-

rambyx, and Chrysomela. It is also shown that all the trimerous

insects ofthe French entomologists are at least tetramerous.

Feb. 15.—A collection of New Holland birds was exhibited,

presented by Mr. Icely.

M. C. S. Kunth, of Berlin, and Professor Fr. A. Bonelli, of

Turin, were severally proposed as candidates to fill a vacancy
which had occurred among the foreign members.
The reading of Messrs. Sheppard and Whitear's paper On

the birds of Norfolk and Suffolk, and of Dr. Hamilton's
Commentary on the Ho7-tus Malabaricus, was continued.

GEOLOGICAL SOCIETY.

Jan. 21.—A paper was read, entitled On the Fresh-water
formations recently discovered in the environs of Sete (Cette),

at a short distance from the Mediterranean, and below the
level of that sea ; by M. Marcel de Serres, Prof, of Min.
and Geo), to the Facnltv of Sciences of Montpellier.

. The.
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The fresh-water formations described in this communication
have been examined by means of several wells sunk at about
the distance of three-quarters of a mile and a mile and a half
fi'om the Mediterranean, near Sete, in the South of France.
A detailed account is given of the several strata passed

through in the three different wells, and of the organic re-

mains which they contained.

The strata are for the most part parallel and nearly hori-

zontal.

From the sections it appears there are two fresh-water

formations with an intervening formation of marine origin.

The strata of the upper fresh-water were found to vary from
about 30 to 40 feet in thickness; those of the lower from 13
to 28 feet : the latter being somethnes lower than the present
level of the Mediterranean.

The marine beds which are interposed, are from 10 to 11

feet thick.

The fresh-water strata are composed of numerous alternat-

ing calcareous and argillaceous marls, and compact limestones;

and their organic remains consist of a few bones of land qua-
drupeds much decayed, a variety of fresh-water and terrestrial

shells, the latter in the greatest abundance; the shells differ-

ing in species but not in genera from the present inhabitants

of the same country; and lastly, some traces of vegetables,

chiefly i-eeds.

. The marine formations contain ostrece, cerithia, &c. :—

A

complete list is added of the organic remains :—from the state

of preservation in which the fresh-water shells are found,

Mons. Marcel de Serres infers that they lived and were de-

posited where they are now found ; and from the resemblance

of those occurring in the upper and lower fresh-water beds,

he concludes that the periods at which these two formations

were deposited were not very remote from each other.

The author considers all these formations to be more re-

cent than the Calcairc Grossicre, and ascribes the alternations

of marine and fresh-water strata to a return of the sea; such

a suppostion being rendered the more probable by the neigh-

bourhood of the Mediterranean, where similar returns are still

known to take place.

On February 4, being tlie Anniversary of the Societj', the

following members were chosen as Officers and Council for

the ensuing year :

—

Prcsiihmt: Rev. William Huckland, F.ll.S. Prof. Grol. and

Min. Oxford.— Vice-Presidents: Sir Alexander Crichton, M.D.
F.R. & L.S. Hon. Memb. Imp. Acad. Si. Petersbnrgh ; William

Henry Fitloii, M.D. F.R.S.; Charles Stokes, Esq. F.R.A. &
Vol.65. No. 322. Feb. 1825. S L.S



138 Horticultural Society.—Astronomical Society.

L.S. ; Henry Warburton, Esq. F.R.S.

—

Secretaries: Charles

Lyell, Esq. F.L.S. ; George Poulett Scrope, Esq.; Thomas
Webster, Esq.

—

Foreign Secretary: Henry Heuland, Esq.

—

Treasurer: John Taylor, Esq.— Cou7icil: Hon. Henry Grey
Bennet, M.P. F.R.S. & H.S. ; Richard Bright, M.D. F.R.S.

;

Sir Henry Bunbury, Bart. ; Henry Burton, Esq. ; William

Clift, Esq. F.R.S.; Henry Thomas Colebrooke, Esq. F.R.S.

L. & E. F.L. & Asiat. S. ; George Bellas Greenough, Esq.

F.R. & L.S.; Thomas Horsfield, M.D. F.L.S. ; Gideon
Mantel!, Esq. F.L.S. ; Hugh Duke of Northumberland, K.G.
F.H.S. ; William Hasledine Pepvs, Esq. F.R.S. L.S. & H.S.

;

John Vetch, M.D.

HORTICULTURAL SOCIETY.

Feb. 1.—The silver medal of the Society was presented to

Mr. George Lindley, a corresponding member of the Society,

for his paper on a classification of peaches, printed in the

Transactions.

The following papers were read:—Upon the apparently

beneficial effects of ]irotecting the stems of fruit-trees from

frost in early spring. By Thomas Andrew Knight, Esq. F.R.S.

&c. President.—On the management of hot-house flues, so as

to keep up an equal temperature during the night. By the

Rev. George Swayne, corresponding member of the Society.

Feb. 15.—The following paper was read: — On forcing

established cheri-y-trees under glass. By Mr. Thomas Allen.

ASTRONOMICAL SOCIETY.

Feb. 11.—The fifth Annual General Meeting of the Society

was this day held at the Society's rooms in Lincoln's Inn
Fields, for the purpose of receiving the Report of the Coun-
cil upon the state of the Society's affairs, electing Officers for

the ensuing year, &c. &c.

The President, H. T. Colebrooke, Esq. in the chair.

The Report, which was read by Dr. Gregory, and ordered
to be printed for distribution amongst the members, com-
menced by expressing tlie gratification felt by the Council
on witnessing the growing prosperity of the Society, and the

increasing evidence of the utility of its institution. It pro-

ceeded to state that, for the purpose of still further alleviating

the labour of the practical astronomer (the Society having
already published, in part 2. vol. i. of its Memoirs, tables

for facilitating the computation of the apparent places of
-te principal stars), the Council had deemed it desirable that

tables of precession, aberration, and nutation should be com-
puted, embracing, 1st, all stars above the 5th magnitude;

2d.
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2nd, all stars to the 6th magnitude inclusive, whose decli-

nation should not exceed 30° ; and 3d, all stars to the 7th

magnitude inclusive, within 10° of the ecliptic,—and that a

considerable portion had already been computed under the

superintendence of Mr. Baily and Mr. Gom})ertz, and would
be forthwith published, accompanied by an explanatory pre-

face drawn up, at the request of the Council, by Mr. Baily.

The Report then noticed, in terms of well merited panegyric,

the very valuable collection of astronomical tables lately pub-

lished by Dr. Pearson, the Treasurer ; and it will be no little

gratification to the scientific world to be informed that the

tables constitute onl}' a part of a comprehensive treatise on
Practical Astronomy upon which Dr. Pearson is still engaged.

It then adverted to the visit of Mr. Herschel (the foreign

secretary) to Italy and Sicily, from which, besides other very

considerable benefits, the Society had derived increased fa-

cilities of communication with the continental astronomers,

nearly the whole of whom the Society had now the honour
of numbering amongst its associates. The Report conveyed

a just tribute of respect to the memory of the late Major-ge-

neral John Rowley of the Royal Engineers, F.R.S., and a

member of this Society, of which he was a cordial friend from

its commencement. After alluding to the a'cquired stability

and acknowledged utility of the institution, which might jus-

tify an application to the Crown for a Charter of incorporation,

the Report stated that the expediency of such an application

would most probably engage the consideration of the Council

for the ensuing year. It concluded by strenuously advising

concert and co-operation—observing, that though much had

been done to advance astronomical science and much was in

progress, much yet remained to be done. "On the retro-

spect of the past, however, youi- Council derive confidence

with regard to the future. Let tlie zeal, activity and talent

of the Members and Associates for the next ten years but keep

paccM'ith the efforts oi"the last five, and the most interesting,

brilliant, and beneficial results may unhesitatingly be antici-

pated."

A list of the pajKjrs read at the ordinary meetings, followed

by a numerous list of benefactors and a gratifying statement

of the Society's finances was then read, ailer which the Mem-
bers jiresent j)roceedcd to ballot for the Officers for the ensuing

year,w hen the following were declared to have been duly elected.

Prc&ident : Francis Baily, Ksc]. T.R.S. & \..i^.—i'icc-Pre-

sidents: C^harles Babbage, *Ks(|. M.A. F.R.S. L. & E. ; Rev.

John Brinkley, D.D. F.R.S. Pres. R.I.A. Aud. Prof. Ast. Univ.

of Dublin ; Davies Oilbert, Esq, M.P. V.P.R.S. cS: E.L.S.

;

George \\m\ of Macclesfield, F.R.S.

—

Treasurer: Rev.William
S 2 Pearson,
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Pearson, LL.D. YJK.^.—Secretaries : Olinthus G. Gregory,

LL.D. Prof. Math. Roy. Mil. Acad. Wooliaich; John Milling-

ton, Esq. F.L.S. Prof. Mech. Phil. Roy. Inst.— Foreign Se-

cretary: J. F. W. Herschel, Esq. M.A. F.R.S. L. & E.—
Cou7icil: Captain F. Beaufort, R.N. F.R.S. ; Major T. Colby,

Roy. Eng. LL.D. F.R.S. L. & E. ; Henry T. Colebrooke, Esq.

F.R.S. L. & E. & L.S. ; Bryan Donkin, Esq. ; Rev. William

Dealtry, B.D. F.R.S.; Benjamin Gompertz, Esq. F.R.S.;

Stephen Groombridge, Esq. F.R.S.; Edward Riddle, Esq.;

Richard Sheepslianks, Esq. M.A. ; Edward Troughton, Esq.

F.R.S. L. & E.—The Society afterwards dined together at

the Freemasons Tavern, to celebrate their fifth anniversary.

ROYAL ACADEMY OF SCIENCES OF PARIS.

Dec. 6.—The Minister of the Interior solicited the Academy
to nominate a candidate for the Professorship of the cultiva-

tion and naturalization of exotic plants, at the Jardin dii Roi,

vacant by the death of M. Thouin.—M. Loiseleur de Long-
champs communicated a supplement to his memoir on the

means of obtaining several crops of silk in the year.—Dr. Yil-

lermet continued the reading of his memoir on the compara-

tive mortality of the middle and poor classes of people.

—

M. Jomard communicated an extract from a letter dated Sep-

tember 27, 1824, relating to M. de Beaufort's expedition into

the interior of Africa.—M. le Baron Cagniard de la Tour
read a memoir, entitled Reflections on vibrating cords ; ex-

periments in support of those reflections.—M. de Ferussac

read a notice on the animal of the genus Ar^onauta.

XXIV. Intelligence and Miscellaneous Articles.

THE BRITISH MUSEUM—MR. GOOOWYN's MANUSCRIPTS.

nPHOSE who are interested in mathematical computations,
-*- and the tabulation of their results for practical purposes,

will learn with pleasui'e that the curious and extensive Tables
of the late Henry Goodwyn, Esq. of Blackheath, have, by the

advice of Dr. Gregory, Professor of Mathematics in the Royal
Military Academy, been deposited by Mr. Goodwyn's family

in the library of the British Museum.—The following copy of
Dr.]Gregoi"y's account of the general nature of the manuscripts
will serve to convey the requisite information to our readers.

" The late Henry Goodwyn, Esq. of Blackheath, being for

several years kept by ill health from the more active pur-
suits of life, devoted a great portion of his time to the most
laborious computations, many of them relating to topics and
leading to results that are exceedingly curious and interesting.

Some of these he applied to practical inquiries relative to in-

terest
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terest and annuities; othei's to the determination of powers
and roots; others to the reduction and comparison of weights

and measures, whether British or foreign, and to the forma-

tion of a general system ; and others he rendered apphcable

to the rules of mensuration and to still higher inquiries among
mathematicians.

" In the pursuit of these researches he developed various in-

teresting properties indicative of the mutual connexion be-

tween circulating decimals and prime numbers, entering either

simply or compositely into the denominators of fractions re-

spectively equivalent to those decimals ; of which propei'ties

some have been long known to mathematicians, while others

had almost, if not altogether, escaped their notice. A few of

these are explained in the Appendix to the quarto pamphlet

to which this paper is attached *
; and in that appendix 07te

of Mr. Goodwyn's ingenious improvements in computation is

described and applied.
" The resultsof his persevering and long-continued labours,

have, as yet, been only very partially laid before the public

in a few detached pamphlets, volumes, &c. ;—copies of all

which are herewith transmitted. But his two works of greatest

labour, the one denominated " A Table of complete decimal

quotients, " and the other " A Tabular series of decimal

quotients for all the proper vulgar fractions," of which, when
in their lowest terms, neither the numerator nor the denomi-

nator is greater than 1000, still remain in manuscript. The
former of these is comprised in four folio volumes of manu-
script, and lettered " Table of complete quotients."

" Mr. Goodwyn had finished their computation, and by sub-

sequent calculations had nearly', if not entii'ely, verified the

correctness of the whole. He had also advanced considerably

in the comi)utation of the "Tabular series," the results being

entered and duly arrariged in five volumes large quarto ; in

the last of which, however, the j^lat/hnn oi' hh labours is alone

exhibited.

"A comparison of the respective manuscripts with the two

royal octavo printed volumes entitled " Table of the circles

and tabular series," and with tlie quarto jiamphlet to which

this is annexed, will enable any competent judge to appreciate

the extent of tiiese classes of Mr. Goodwyn's labours, their

utility, and the c()m))arative value of those portions which still

remain unpublished.
" Mr. Goodwyn's family, anxious to consign these manu-

• Kiititlcd " The first Contcnary of a concise anil ii-ofiil Tabic of coni-

|ilcte Decimal Quotients," with n specimen of '' A tahuhn- Series," &c. •

scripts
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scripts of their revered relative to some institution where they

may be occasionally consulted by the friends and promoters

of mathematical science, do now, with the consent of the trus-

tees of the British Museum, deposit them in the library of that

magnificent national institution.

Royal Military Academy, OlJNTHUS GREGORY."
Woolwich, "Nov. 182-4.

NEWLY-DISCOVERED ISLAND.

A new island in the Southern Ocean was discovered last

July by Capt. Hunter, of the Donna Carmelita. It is de-

scribed as " entirely composed of lava, in some places almost

a metal. It lies in the latitude of 15° 31 S. ; and longitude

176° 11 E. by sun and moon, brought up by chronometer for

four days previous." It is called Onacuse, or Hunter's Island.

The inhabitants, who came off in canoes, manifested a friendly

disposition ; and the cutter was sent ashore in charge of the

first officer, who had an interview with the king, and trafficked

with the natives on very friendly terms for provisions. They

are about the colour of Malays, but have more of the Euro-

pean features. Their canoes are very handsome, not unlike

those of Ceylon, and ornamented with shells.

EXPEDITION FROM MISSOURI TO MEXICO.

A statement of facts has been lately presented to Congress

from Mr. Augustus Storrs, of New Hampshire, in relation to

the origin, present state, and future prospect ol" trade and in-

tercourse between the Valley of the Mississippi and the inter-

nal provinces of Mexico, which was ordered to be printed and

referred.

Mr. S. has been one of a caravan of eighty persons, 156

horses, and 23 waggons and carriages, which had made the

expedition from Missouri to Santa Fe (ofNew Mexico), in May
and June last. His account was full of interest and novelty.

It sounded like romance to hear of caravans of men, horses,

and waggons, traversing with their merchandize the vast plain

which lies between the Mississippi and the Rio del Norte. The
story seemed better adapted to Asia than to North America.

But, romantic as it might seem, the reality had already ex-

ceeded the visions of the wildest imagination. The journe}' to

New Mexico, but lately deemed a chimerical project, had be-

come an affiiir of ordinary occurrence. Santa Fe, but lately

the Ultima Thulc of American enterprise, was now considered

as a stage only in the progress, or rather a new point of de-

parture to our invincible citizens. Instead of turning back

from that point, the caravans broke up there, and the sub-

divisions



Rail-Roads. \\Q

divisions branched off" in different directions in search of new
theatres for their enterprise. Some proceeded down the river
to the Passo del Norte, some to the mines of Chihuahua and
Durango, in the province of New Biscay; some to Sinera and
Sinatoa, on the Gulf of California; and some, seekino- new
lines of communication with the Pacific, .had undertaken to
descend the western slope of our continent through the unex-
plored regions of the Multnomah and Buenaventura. The
fruit of this enterjirise, for the present year, amounted to one
hundred and ninety thousand dollars in gold and silver bullion,
and coin, and precious furs ; a sum considerable in itself in
the commerce of an infant state, but chiefly deservino- a
statesman's notice, as an earnest of what might be expected
from a regulated and protected trade. The principal article

given in exchange is that of which we have the greatest abun-
dance, and which has the peculiar advantage of makino- the
circuit of the Union before it departs from the territories of
the Republic—cotton, which grows in the south, is manufac-
tured in tlie north, and exported from the west.

KAIL-ROADS.

On a well made road a horse will draw a load of one ton,

in a cart weighing 7 cwt. at the rate of two miles an hour

—

(Leslie's Elements, p. 253). The whole strength of the horse
is exerted in overcoming the friction. On such a road, there-

fore, a force of traction of 100 pounds moves a weight of
3,000 pounds, or the friction is l-30th part of the load (the

cart included).

On a rail-way of the best construction it has been shown in

a former paper, that a horse travelling at the same rate of
two miles an hour draws 15 tons, including the vehicles. In
this case then a power of traction of 100 pounds moves a
weight of 33,600 pounds ; the friction of course is l-336th part

— or in round numbers l-300th part of the load.

On a canal, a horse travelling at two miles an hour draws
30 tons in a boat weighing probably 15 tons*. Reducing the

ton to 2,000 pounds for the sake of round numbers, as in the

last calculation, we find here that a power of traction of 100
pounds moves a mass of 90,000 pounds— or the resistance

which the water opposes to the motion of the vessel is equal to

1-yoOth part of" the load or entire weight. At sea, where the

water-way is of unlimited breadtii, the resistance is probably
one-thir(I less ; but as a compensation ibr this, when steam-

• Bouts in sonic cases carry only 1.5 or iiO tons, in others 3.5 fas the

coal boats on the [ 'nioii Canal); hut in the one case they travel (juicker,|and

'n oiliei-> slower, lluin the rate nientioneil.

power
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power is employed, there is probably a loss of one-third in

consequence of the disadvantageous mode of its application.

We see then that the effect produced by the draught of a

single horse is ten times as great upon a rail-way, and thirty

times as great upon a canal, as upon a well made road. Yet

a rail-way costs only iibout three times as much as a good

turnpike road*, and a canal about nine or ten times; and the

expense of keeping the rail-way and canal in repair is proba-

bly less in proportion to the original outlay than in the case

of a road. It is obvious, then, that were rail-ways to come

into general use, two-thirds or more of the ex})ense of trans-

porting commodities would be saved. With regard to the

comparative advantages of canals and rail-ways, so far as the

present facts go, we may observe, that if a horse-power effects

three times as much upon a canal as upon a rail-way, the canal

costs about three times as much, and will of course require

nearly the same rates or dues per ton to make the capital yield

the same interest.

But here it is of great importance to recollect that this com-

putation refers solely to a velocity of tisoo miles an hour. If

the friction which impedes the motion of a car or waggon and

the resistance which the water offers to the progress of a ship

wei'e governed by the same laws, the same conclusions would

hold true whatever the velocity might be. But this is far from

being the case, as we shall presently see. In illustrating this

point, it will be convenient, instead of estimating effects by the

variable measure of a horse-power, to refer to a determinate

and constant force of traction of a given amount. W^e shall

therefore assume, that the body to be moved is urged forward

by force exactly equivalent to a weight of 100 pounds sus-

pended over a pulley at the end of the plane on which it moves.

First, with regaixl to the motion of a body in water. It is

deduced from the constitution of fluids, and confii'med by ex-

periment, that the resistance which a floating body encounters

in its motion through the fluid is as the square of the velocity f.

Now, taking as a basis the known effectofforce of traction of 100
pounds at two miles an hour, let us ascertain what force would
move the same body at a greater velocity. On a canal, or arm
of the sea, we have seen that a body weighing 90,000 jiounds

is impelled at the rate of two miles an hour by a force of 100
pounds; therefore, to move the same body

* In Mr. Telford's estimates for portions of new road between Edin-
burgh and Wooller, we find the expense to be from one thousand to one
thousand one hundred pounds per mile, including the price of the ground.

f See Playfair's Outline, i. 198 j Leslie's Elements, sec. vii. article " lie-

sislancc," Enc^'cl. Brit.

At
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Hence we see tliat, though n moving force of 100 pounds

produces three times as great an effect upon a canal as upon

a rail-way at 2 miles an hour, this superiority of the water con-

veyance is lost if we adopt a velocity at 6 miles an hour; and

at' all greater velocities the same expenditure of power will

produce a greater effect upon a rail-way, than upon a canal, a

river, or the sea.

This calculation proceeds on the hypothesis that the friction

increases in the simple ratio of the velocity. Such was the

opinion of Ferguson, Musschenbroeck, and some other writers

;

but the more recent and accurate experiments- of Coulomb
and Vince have overthrown this doctrine, and established

conclusions extremely different, of which the following is an

abstract * :

—

1. The friction of iron sliding on iron is 28 per cent of the

weight, but is reduced to 25 per cent after the body is in

motion.

2. Friction increases in a ratio nearly the same with that of

the pressure. If we increase the load of a sledge or carriage

four times, the friction will be nearly, but not quite, four times

greater.

3. Friction is nearly the same whether the body moves upon
a small or greater surface ; but it is rather less when the sur-

face is small.

4. The friction of rolling and sliding bodies follows nearly,

but not precisely, the same law as to velocity ; and that law

is, that thefriction is the samefor all velocities.

It is with this last law onlj* we have to do at present ; and
it is remarkable that the extraordinary results to which it leads,

have been, so far as we know, entirely overlooked by writers

on roads and rail-ways. The results, indeed, have an appear-

ance so paradoxical, that they will shock the laith of practical

men, though the principle from which they flow is admitted
without question by all scientific mechanicians.

First. It follows from this law that (abstracting the resist-

ance of the air) if a car were set in motion on a level rail-way,

with a constant force greater in any degree than is required to

overcome its friction, the car xcot/ld jiraceed ivith a motion con-

tiniuilly accelerated, like a fallivii body acted upon by theforce

(fgravitation ; and however small the original velocity might
be, it would in time increase beyond any assignable limit. It

* Leslie's Elements, p. 188, &c.; Plaj fair's Outlines, i. 88, &c.; Journal
de Phi/sique, 1/85; Philosophical Transactions, 17S5. Dr. Brewster has
given the results of f'oulonih's experiments in a tabular form, in the article
'' Mechanics''' in his {',!ir\ clopa'dia.

is
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j6 only the resistance of the air (increasing as the square of

the velocity) that prevents this indefinite acceleration and ulti-

mately renders the motion uniform.

Secondly. Setting aside, again, the resistance of the air (the

effects of M liich we shall estimate by and by), the very sa?ne

amount of constant force "which impels a car on a rail-way ai

2 miles an hour, would impel it at 10 or 20 miles an hour if an

extra force were employed at first to overcome the inertia of

the car and generate the required velocity. Startling as this

proposition may aj^pear, it is an indisputable and necessary

consequence of the laws of friction. In fact, assuming that

the resistance of the air were withdrawn, if we suppose a

horizontal rail-way made round the globe, and the machine

(supplied with a power exactly equivalent to the friction) to be

placed on the rail-way, and launched by an impulse with any

determinate velocity, it would revolve for ever with the velo-

city so imparted, and be in truth a sort of secondary planet to

our globe.

Now, it would be at all times easy (as we shall afterwards

show) to convert this accelerated motion into a uniform mo-
tion of any determinate velocity' ; and from the nature of the

resistance, a high velocity would cost almost as little, and be

as easily obtained as a low one. For all velocities, therefore,

above fom* or five miles an hour, rail-ways will afford facilities

for communication prodigiously superior to canals or arms of

the sea.

—

Scotsman, Dec. 8, 1824-.

WEIGHTS AND MEASURES.

Copy of a Letter from the Commissioners of Weights and Measures, dated

14th January 1825, to J, C. Hcrries, Esq., Secretary of the Treasury,

transmitting a Report of the Progress made in the preparation of the

Models of the new Weights and Measures.

London, January 14, 1825.

Sir—I am directed by the Commissioners of Weights and

Measures to transmit to you, for the information of the Lords

Conmiissioncrs of His Majesty's Treasury, the inclosed Report

from Capt. Kater, stating the progress which he has made in

the preparation of the models of the new weights and mea-

sures, in ))ursuance of the directions contained in your letter

of the 13th of .July 1824-, inclosing a copy of a Treasury mi-

nute, dated the 29tluof June 1824, respecting the steps neces-

sary to be taken for carrying into effect the Act 5th Geo. IV.,

for ascertaining and establishing uniformity of weights and

measures.

In conse(|ueiice of tlic delay which unfortunately has oc-

curred frou) (he difficulties which have been experienced in

1' 2 the
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the construction of the new bushel measure, I am further di-

rected to submit to you, for the consideration of the Lords
Commissioners of His Majesty's Treasury, the propriety of

bringing in a Bill, immediately after the meeting of Parlia-

ment, to extend the time fixed by the Act of last Session for

carrying the provisions of the said Act into execution.

As Capt. Kater now confidently hopes that the models will

be completed and deposited at the Exchequer in the course of

the month of February, the Commissioners are of opinion,

that if the period at which the new weights and measures are

to be declared to be the only standards was postponed from

the 1st of May 1825 (the day fixed by the Act of last Session),

to the Isl of January 1826, sufficient time would be aiforded

for providing th :: ^nodels of the standard weights and measures

requii'ed for the sp' eral counties and corporations ofthe United
Kingdom, and for carrying into effect such of the enactments

of the said Act as are preliminai'y to the general establishment

of the new standards.

I have the honour to be,

Your obedient humble servant,

(Signed) George Clerk.

Having been requested to superintend the construction of

the new models of weights and measures, (and very unexpected

delays having taken place in their execution,) I beg to offer

a short report of the progress which has been made, and of

the impediments which have occurred.

On the 16th August, the making of the models of weight

and capacity was confided to Mr. Bate, Mr. Troughton, in

consequence of his advanced age, having declined the under-

taking. Brass being a metal peculiarly liable to injury from
the atmosphere of London, I directed Mr. Bate to make ex-

periments on the best combination of tin and copper, which
might serve as a substitute. These experiments occupied the

remainder of the month of August.

In the beginning of September I left London, having pre-

viously given Mr. Bate ample and detailed instructions re-

specting every particular necessary for the construction of the

models.

On my return, early in October, I learned from Mr. Bate

that he had applied to Mr. Doiikin the beginning of Septem-
ber, and that Mr. Donkin had then undertaken to turn the

models for the bushel ; but on the 5th of October, and not

befoi-e, he informed Mr. Bate that he declined the execution

of his engagement. Mr. Bate then proceeded to have models
for the bushel cast by the best founders in London ; but most

unexpectedly
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unexpectedly, out of twelve which were cast in various modes,
only one proved sufficiently sound to be employed, the metal,

on the removal of the exterior crust, appearing full of small

holes, of various sizes. The attempt to conquer the difficulties

of this part of the work occupied the remainder of Octo-

ber, the whole of November, and the greater part of Decem-
ber. In the mean time Mr. Bate proceeded with the other

measures of capacity and with the weights ; but as these pre*

sented no difficulties, his chief attention was directed to per-

fecting the bushel.

Two troy pounds were made, which I compared, on the

28th October, with the standard troy pound at Mr. Whittam's,

in Abingdon-street. These weights were intended merely as

the means of obtaining a near approximation to the avoirdu-

pois pound, and to the weight of a gallon of distilled water.

On the 20th of December, Mr. Bate reported that he had
six avoirdupois pounds ready, all the troy weights, and the

subdivisions of the troy pound to grains.

It had been my intention to ascertain the capacity of the

bushel by measurement, and I had employed myself in con-

structing the apparatus necessary for that purpose ; but as it

did not appear probable that the difficulties in casting the

bushel would be speedily surmounted, I proposed, at a meet-

ing of the Commissioners on the 21st of December, to deter-

mine the capacity of the bushel by the weight of distilled water

it should contain, as this, under existing circumstances, would

be the more accurate method, and would render unnecessary

that nice attention to figure, which would otherwise be indis-

pensably requisite.

All difficulty in the construction of the bushel being thus

removed, Mr. Bate engaged to deliver to me, on the 1st of

February, the folldwing models, viz.—four bushels, four gal-

lons, four quarts, four joints, four troy pounds, one avoirdu-

pois j)ound, with sub-divisions to drams, a two-pounds, a four,

a seven, a fourteen, a twenty-eight, and a fifty-six pounds

avoirdupois ; four weights, each e(juivalent to the weight of

a gallon of distilled water, four to that of a (|uart of distilled

water, and four to that of a pint. These models arc intended

to serve for constant use at the Exchequer, Guildliall, Edin-

burgh, and Dul)lin, the set of avoirdupois weights which will

be ready by that time being for the Exche(]uer. Another set

of models, superior in point of woiknianship, though not in

accuracy, will be afterwards made, and kept as standards to

be transmitted to jjosterity.

I am in iliJIy expectation of receiving from Mr, Bate a set

of weights, for the puVpo,->e ofeiuibling me to derive the avoir-

dupois
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dupois from the troy pound, and thence the weight lo be em-
ployed in determining the capacity of the gallon.

As no balance exists, either at the Mint or at the Bank of

England, capable of weighing upwards of 230 pounds avoir-

dupois, I have given Mr. Bate the plan of a beam for this

purpose, of great simplicity, and which, I trust, will be more
accurate than any that has been hitherto made. This beam
is also to be finished by the 1st of February.

The standards of linear measure have been prepared by

Mr. DoUond, and are now ready for my final adjustment.

The Commissioners will perceive that no further difficulty

exists ; and should I receive the models from Mr. Bate by the

1st of February, according to his engagement, I trust I shall

be able speedily to complete their adjustment, and that they

will be ready for delivery in two or three weeks from that

period.
York Gate, Regent's-park, HenRY KateR.

]2thJan. 1825.

To the Commissioners of Weights and Measures.
Whitehall Treasury Chambers, Feb. 4, 1825.

ON THE AGENCY OF PLATINA IN EFFECTING THE FORMATION
OF WATER.

If in a tube closed at one end ammonia-muriate of platina

is heated till completely decomposed, or if a solution of platina

is treated with metallic zinc, part of the inside of this tube be-

comes covered with a thin coat of platina which adheres to it

rather strongly. If afterwards a mixture of hydrogen and
oxygen is made to pass under water, into this tube, the com-
bination of the two gases is slowly effected at a moderate tem-
perature. The phaenomenon also takes place when these

gases are put in contact with spongy platina moistened with

water or with alcohol. If we try to substitute liquid ammo-
nia or nitric acid for the water or alcohol, the gases no longer

act upon each other. M. Dcebereiner thinks that this dif-

feience of effects is to be asci'ibed to the water or alcohol

absorbing the gaseous mixture, and thus effecting immediate
contjict with the platina, whicli does not take place with the
ammonia or nitric acid. By using vessels covered inside with

platina, the hydrogen may be completely deprived of oxygen.
However, it succeeds still better by putting it in contact, in

very dry eudiometers, under mercury, with a porous ball form-
ed of clay and of platina newly calcined. M. Dcebereiner
describes a simple apparatus fit for determining with care the
formation of water by means of platina.

At a little distance from the opening of a flask of tiie ca-

pacity
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nacitv of 4 to 5 cubic inches, a tube is soldered whicli at first

is horizontal when the flask is upright, then descends vertically,

and is terminated by a joint of copper fitted with a cock. 1 his

flask or this vial, {phiole) as the author calls it, is hermeti-

cailv closed by a stopper whose axis is traversed by a platina

wire terminating in a porous ball ofclay and ot platma sponge

2 to 4 lines in diameter. It is in this part of the apparatus

that the combustion of the hydrogen takes place. A vacuum

is at first produced, then the tin piece is screwed o" a simi-

lar piece at the top of a graduated jar containing 60, 90, or

150 cubic inches, into which the mixture ot two volumes ot

hydrogen and one of oxygen has been made to P^^^- /^^
cock of the iar is first opened, not to be touched again till the

end of the Operation; then the upper cock, which is almost as

soon shut: the part of the gaseous mixture which has passed

nto the flask enters directly into combustion ;
the water

trickles along the sides, the platina becomes incandescent, and

the vacuum is formed anew. The metal bemg sufticiently

cooled a new quantity of hydrogen and oxygen is introduced,

-ind so on To prevent all dan|er of the graduated jar being

brokenZ the current of gas becoming inflamed it is only

ecessar/to place a ball of'the same capacity as the flask be-

tween the two parts of the apparatus, and never to establish

[he^ommunication excepting success vely from one recipient

to the other.—Bullet i7i des Sciences, No. 12.

Meteorological Obsei-vations at Great Yarmouth, hy

C. G. Harley, Esq.

[Continued from vol. Ixiv. p. 317-]

jj
Winds. Thennom. Rain.

rr^
—^„, V SF S^^W" W. NW.N. NK.Low. High.Med. In.

•^1"- ^"^
f.

~
\ I \ 5 5 2 41 65 54 5

*'^'-
"^r Z ~

\ \ <k 5 5 1 40 58 49 3|

S::-: 16 W - J_l^__^4_0_.^_^36_ 53 J4_^._

"If^iiTii^^^nip^'-e of the last year is 53-r\

The mean temperature for 30 years is 5Z.g

Ouantitv of water for the last year is • ^^t

being the largest quantity for tlie last 2+ years. 1 he

yet 1812 approaches the nearest to .t, the quan-^^^^

titv being then . . .
• h

The meanVntity of water tor 2i years IS ... 25*
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LIST OF NEW PATENTS.

To Francis Melville, of Argyle-street, Glasgow, piano-forte maker, for

his improved method of securing the small piano-fortes commonly called
" square piano-fortes" from the injuries to which they are liable from the

tension of the strings.—Dated 18th January 1823.— 6 months to enrol

specification.

To Edward Lees, and George Harrison, brick-maker, of Little Thurrock,
Essex, for an improved method of making bricks, tiles, &c.— 1st February.
—6 mouths.
To John Thin, of Edinburgh, architect, for a method of constructing a

roasting-jack.— 1st Februai-y.— 2 months.
To Samuel Crosley, of Cottage Lane, City Road, Middlesex, for certain

apparatus for measuring and registering the quantity of liquids passing from
one place to another.— 1st February.— 6 months.

To Samuel Crosley, of Cottage Lane, City Road, Middlesex, for an im-
provement in the construction of gas regulators or governors.— 1st Feb.

—

6 months.
To Timothy Burstall, of Bankside, Southwark, and John Hill, of Green-

wich, engineers, for a locomotive or steam carriage.—3d Feb.—G months.
To George Augustus Lamb, D.D., of Rye, Sussex, for a new composition

of malt and hops.— 10th February.—6 months.
To Richard Baduall junior, of Leek, Staffordshire, silk-manufacturer,

for improvement? in the winding, doubling, spirming, throwing, or twist-

ing of silk, wool, cotton, &c.—10th February.— 6 months.
To John Heathcoat, of Tiverton, Devonshire, lace-manufacturer, for

improvements on the method of manufacturing silk.— 11th February.

—

6 months.
To Edward Lees, of Little Thurrock, Essex, for iniprovements in water-

works, and in the mode of conveying water for the purpose of flooding and
draining lands, applicable also to other useful purposes.— 19th February.—
6 months.
To Thomas Masterman, of the Dolphin Brewery, Broad-street, Ratcliffe,

Middlesex, brewer, for an apparatus for bottling wine, beer and other
liquids, with increased economy and dispatch.— 19th February.— 2 months.
To Edmund Lloyd, of North End, Fulham, Middlesex, for a new ap-

paratus from which to feed fires with coals and other fuel.— 19th February.—2 months.
To Benjamin Farrow, of Great Tower-street, London, ironmonger, for

improvements in buildings, calculated to render them less likely to be de-
stroyed or injured by fire than heretofore.— lilth February.— fi months.
To Jesse Ross, of Leicester, hosier, for a new apparatus for combining and

straightening wool, cotton, and other fibrous substances,— 19th February,—6 months.
To Jacob Mould, of Lincoln's Inn Fields, .Middlesex, for improvements

in fire-arms :— communicated from abroad.— 19th February.—6 months.
To Henry Burnett, of Arundel-street, Middlesex, for improvements in

machinery for a new rotary or endless lever action :—communicated from
abroad.—19th February.—6 months.
To John Beacham, of Paradise-street, Finsbury-square, cabinet-maker,

for improvements in water-closets.— 19th February.—2 months.
To James Ayton, of Trowse Millgate, Norfolk, miller, for an improve-

ment or spring to be applied to bolting mills, for the purpose of facilitating
and improving the dressing of flour and other substance's.— 1 0th February.
— 6 months.

Jtemlts



:?

"a



ly-t Meteorological SiimmavyJor 1824-.—Hampshire.

•3:5 'saipuj ui urey



Meteorological Summaryfo7- 1824.—Hampshire. 155

ANNUAL RESULTS FOR 1824.

Barometer. Inches.

Greatestpressure ofatmosphere, May 27,Wind N.W. 30-640

Least ditto ditto Nov. 23d,"Wind S.S.W. 28-470
Range of the mercury 2*170

Annual mean pressure of the atmosphere .... 29-869
Mean pressure for 173 days, with the moon in North

declination 29-855

Mean pressure for 183 days, with the moon in South
declination 29-837

Annual mean pressure at 8 o'clock A.M 29-864

at 2 o'clock P.M i^9-866

at 8 o'clock P.M 29-875

Greatest range of the mercury in November ... 1 -720

Least range of ditto in August .... 0*770
Greatest annual variation in 24 hours in January . 0-980

Least of the greatest variations in 24 hours in July . 0-420

Aggregate of the spaces described by the rising and
falling of the mercury 83*120

Number of changes 275*

Self-registering Day and Night Thermometer.

Greatest thermometrical heat, Sept. 3d, Wind W. . 79°

cold, Jan. on 3 different nights 25
Range of the thermometer between the extremes . 54
Annual mean temperature of the external air . . 52*01

ofdo. at8A.M. . . . 51-11

of do. at 8 P.M. . . . 50-94

of do. at 2 P.M. . . . 56-73

Greatest range in September 41-00

Least of the monthly ranges in February . . . 21-00

Annual mean range 29-90

Greatest monthly variation in 24 hours in June and
August 24-00

Least of the greatest variations in 24 hours in Feb. 14-00

Annual mean temperature of spring water at 8 A.M. 50-63

De Luc's Whalebone Hygrometer. Degrees.

Greatest humidity of the atmosphere on the 22d Jan. 93
Greatest dryness of ditto on the 23d May .... 33
Range of the index between the extremes .... 60
Annual mean of the hygrometer at 8 o'clock A.M. 66-6

at 8 o'clock P.M. 68-1

at 2 o'clock P.M. 59-7

at 8, 2, & 8 o'clock 6 1 -H

L" 2 Gnu test
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Greatest mean monthly humidity of the atmosphere Deg.

in December ... •
"'^'^

Greatest mean monthly dryness of the atmosphere in

July
' 54-0

Position of the Winds. Days.

From North to North-east 41

North-east to East -H-f

East to South-east 25^
South-east to South . . . . . • 37|

South to South-west 23|

South-west to West ...;.. 81

West to North-west 50i
North-west to North 65

366

Clmds, agreeably to the Nomenclature ; or the number of days

on "which each modification has appeared.
Days.

Cirrus
""^

Cirrocumulus 133

Cirrostratus 324

Stratus 26

Cumulus 202

Cumulostratus l-^^.

Nimbus 232

General State of the Weather. Days.

A transparent atmosphere without clouds . 31

Fair, with various modifications of clouds . 147

An overcast sky, without rain 102

Foggy 5 2

Rain, hail, snow, and sleet 80^
366

Atmospheric Phaanomena.

Anthelion, or mock-sun diametrically opposite No.

to the true sun 1

Parhelia, or mock-suns on the sides of the

true sun 20

Paraselenae, or mock-moons 1

Solar halos 23

Lunar halos ^^

Rainbows, solar and lunar 20

Meteors of various sizes 100

Lightning, days on which it happened . . S

Thunder, ditto ditto ... 4

Evaporation. Inches.

Greatest monthly (juantily in July • •
•'>'58

Least
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Least monthly quantity in January .... 0*77 In.

Total amount for the year 32*75

Rai7i.

Greatest monthly depth in November . . 5*305

Least monthly depth in January .... 0*990

Total depth tor the year near the ground . 40*057

Total depth for the year 23 feet high . . 35*549

N. B. The barometer is hung up in the observatory 50 feet

above the low-water mark of Portsmouth Harbour; and the

self-registering horizontal day and night thermometer, and De
Luc's whalebone hygrometer, are placed in open-worked cases,

in a northern aspect, out of the rays of the sun, 10 feet above
the garden ground. The pluviameter and evaporator have

respectively the same square ai-ea : the foi'mer is emptied every

morning at 8 o'clock after rain, into a cylindrical glass gauge
accurately graduated to y^oth of an inch ; and the quantity

lost by evaporation from the latter is ascei'tained at least every

third day, and sometimes oftener, when great evaporations

happen by means of a high temperature and dry northerly or

easterly winds.

Barometrical Pressure.—The maximum pressure was

higher this year by g
jth of an inch than it was in 1823, and the

minimum pressure was less by
g'o'-'^

^^ ^" inch. The mean
pressure this year is j^^ths of an inch less than that of last

year, but it agrees with the mean pressure for the last 10 years

within yjj'y ^ths of an inch. The aggregate of the spaces de-

scribed by the alternate rising and falling of the mercury is

S\ inches greater than that of last year ; and the number of

changes is 21 more.—For 173 days in which the moon ranged

in North declination, the mean pressure was j§yths of an inch

greater than that in the 1 83 days in which she ranged in South

declination.

The mean barometrical pressures for the last six years, while

the moon was in North and South declination, are as follow

:

With the moon in North declination . 29*885 inches.

With tlie moon in South declination . 29*845 inches .

Increased pressure for her position North 1 „^
of the Equinoctial J

Here I must observe that this difference of j'jth of an inch

in the elevation of the barometer, by the superior weight of

the atmosphere while the moon was in iwrlh declination, is

not sullicient, in a local point of view, to produce any sensible

effects over the atmospliere in respect to the weather in this

latitude ; and that the difference in the course of a longer

series of years might, perhaps, become inconsiderable, and
thus
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thus annul the idea of the existence of a superior pressure by
the Moon's influence in eitlier hemisphere. I am supported

in this opinion from similar observations having been made
by Luke Howard, Esq. F.R.S., in the years 1807 and 1816;

as in both these years the mercury in his barometer is said to

have been nearly as high again as the above resuhing differ-

ence, while the moon was in south declination.—At some future

time more may be said on this subject.

Temperature.—The mean temperature of the external

air a few feet from the ground this year is 1 j^-^ of a degree

more than that of 1 823, and is /jths of a degree higher than

the mean temperature for the last eight years.—Although July

\vas the hottest month, yet the maximum temperature did not

take place till the 3rd of September : it has not occurred so

late in the summer as this since the year 1815, and very ge-

nerally takes place in June, when the sun is nearly at his

greatest nordi declination, before or after entering the sign

Cancer.

From the great quantity of rain that has fallen this year,

and the abundant floating vapours, the strength of the sun's

rays on the surface of the earth seems to have been diminish-

ed ; for the mean temperature of spring water has fallen short

of its yearly average, and for the last four years at 8 A.M. is

iiths of a degree less than the mean temperature of the air for

the same period.

The mean state of the hygrometer this and the preceding

year coincides within three-tenths of a degree ; and the means
of the observations thereon at 8 o'clock A.M., in both years,

exactly agree.

Wind.—In comparing the scales of the prevailing winds in

1823 and 1824, there appears to be a near accordance, ex-

cept in the North and North-east winds, which have blown

comparatively longer from these points of the compass.

The following is the number of strong gales of wind, or

days on which they have prevailed this year

:

N. N.E. E.



Meteorological Summaryfor 1824.—Hampshire. 159

Cirrus.
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XXV. On the Method ofthe Least Squares. By J. Ivory, Esq.
M.J. F.B.S.

[Concluded from p. 88.]

4. A DMITTING the expression 4> {e^) for the probability
-^^*- of an error, we may both demonstrate the rule of the

least squares, and determine the form of the function, by the

following short process:

Let P stand for the product,

<p{e').<p{/^).^{e"^)8ic.;

then the most probable system of the errors will be found by
the equations which make P a maximum, viz.

(
-r— = 0, —— = 0, &C.

' dx ^ dy ^

Now, n being the number of the errors, we have

log

l-t log.il = log.l^ + log.^^ + &c.

Again, by expanding !p(f'), we get

^ = 1 -¥e''-ge*-^c.;

wherefore, log. -^^ = — h^e"- — (g - -^)^— &C'

Hence log. ^ = - h'^ii.e'- (^g
- J^'^S.e*- &c.:

and, by substituting this value in the foregoing differential

equations, we get,

,, d.fi.e' / hi \ d.S.e* „
''=^ '-77- + {s-~)-jr +«'^-'

d^ \o 2 / dy ^
But as we are not now in search of a mere mathematical

Vol. as. No. 323. March 1825. X Theory,
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Theory, we must choose in the general expressions those parti-

cular cases only that are capable of being applied practically,

and that are not too complicated for real use. The calcula-

tions would become impracticable if the equations to be solved

passed the first degree. If, therefore, we only retain the parts

of the foregoing equations which are of one dimension with

respect to the errors, we shall get

rf.S.e- - d.'ii .e- ^ ^

and this proves that the value of S.e^ must be a minimum,

'he same simp!

-h^e^; whence

The same simplification leads to the equation, log.-^^^-^^

—

The foregoing investigations are at least clear and simple.

It follows as an unavoidable consequence, that if we adopt the

rule of the least squares as the most advantageous determina-

tion of a system of errors, the law of probability can be no-

thing else but the function kc~'^'''. On the other hand, when
we apply the doctrine of probabilities to find the most advan-

tageous method of combiniuii a set of errors, we shall fall

uj)on the method of the least squares, if the chance of an

error be expressed by the function /jc"'^ ; but if the law of

the eiTors be different, the same rule will no longer be true.

The two things are necessarily connected, in so much that

the one leads exclusively to the other. The method of the

least squai'es cannot possibly be true in any other ]aw of pro-

bability than the one we have mentioned.

Now the conclusion which has just been stated, is directly

at variance with what Laplace has determined in the Thcorie

'Analytique des Prohabilites, liv. 2. cap. 4. §.20. In a system

consisting of a great number of observations it is proved, in

the work we have cited, that the rule of the least squares

ought to be employed whatever be the law of the chance of

an error (p. 321, 3d edition). It is the generality of the con-

clusion that chiefly constitutes the merit of this demonstra-
tion. It must be added, that M. Poisson, who has lately

treated the same subject in the Connaissance des Terns 1827j
has arrived at the same conclusions with Laplace, which are

thus confirmed. All other authors likewise acquiesce in the

result of Laplace's investigation, and admit that the rule of
the least squares may subsist with different laws of probability.

Every authority is thus directly opposed to the opinion I have
ventured to express. The words of the poet,

" Nullius addictus jiirare in verba niagistri,"

contain
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contain a maxim which ought to have greater force in the

matliematics than in any other branch of learning. But it

might not be found altogether devoid of truth, if we were to

affirm that, in the present times, the voice of authority has a
more decisive influence in that science than in any other. It

is so much easier to approve or disapprove on the credit of a
few great names, than it is to find the skill and the patience

requisite to examine a knotty point of abstract science.

Having always exercised my own judgement in such s])ecula-

tions, I shall claim the same privilege in the present instance;

and I doubt not to be able to prove in a satisfactory manner,
that Laplace's demonstration is not general, as it is stated to

be, but is really confined to the particular law already men-
tioned.

It will be sufficient for the purpose I have in view to consi-

der the simplest case of Laplace's investigation, that for finding

one element by means of a set of equations of condition: liv. 2.

cap. 4, No. 20. It is assumed that the errors are determined
by the ecjuation S.Ke = 0, that is,

Xe + X'e + \"e" + &c. = 0,

where X, x', x"* &c. are integer numbers bearing any propor-

tions to one another ; and the scope of the investigation is to

determine these factors so as to obtain the most advantageous,

or the most probable, system. The author goes back to the

first principles of the doctrine of probabilities, or to the theory

of combinations ; and he investigates the chance that the func-

tion S . X e shall have a given value I. If we adopt the nota-

tion used here, and write h^ for „ , ,
the expression of the

probability sought, found in p. 317, 3d edition, is this,

k -hK —
C S.A.-1

Again, if we substitute the values of the errors given by the

equations of condition in the equation S.X<? = 0, we get the

value of the element x equal to ^ ; and if we substitute
' » . Xa

^^-^ + u for X, in the equation S.he = I, we shall get

I = u X S . Xa.

The foregoing expression therefore becomes

/, -hi^ L.Wi
::^:::^^ C S.X'

v/frS.X'

* As the letter m, which Laplace uses for the coefficients of the errors,
is prc-occiipied in the e(]uations of condition, it became necessary to intro-
duce another letter here.

X 2 and
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and it is proportional to the probability of ». To find the

fraction equal to the absolute chance, we must divide the fore-

going expression by the sum of all the probabilities for every

possible value of u, that is, by the value of the integral

(S.Xn)'2

--^==Jduc S^^

taken between the limits + oo. The integral is equal to

-r ; and hence the absolute probability of u is equal to

(S.Xa,^

a/^S.x"

Now if we put ti = 0, the value of the above expression is

—;- X —'-—
i
which is therefore the probability that the ele-

i/V -v/s.x^

ment x is equal to
^ , or that the errors of observation coin-

cide with the system S.X^ = 0. The factors K, \', x"&c. must

next be determined so as to make the probability a maximum,

or so as to make ^ a minimum, which is the conclusion
S . Xa

Laplace has arrived at, p. 319, by considering the matter a

little differently. It is found that the maximum will take place

when i. _ _^' _ ^ ^p .

o a' a"

and consequently the most probable system oferrors is found by

the equation S.ae = 0, which is the condition that makes S.^
a minimum. It is to be observed too, that no step of the in-

vestigation depends upon the value of h, or upon the law of

probability, which is left indeterminate.

The foregoing reasoning is detailed particularly in order

to prove clearly, what might have been inferred from the ana-

lysis of Laplace, that the system of errors S.ae = 0, is more
probable than any other system S. A^ = 0, in which X, a', a"

&c. are not all in the same proportion to a, a', a" &c. Now
this being proved, I say, that the law of the probability of an

error is thereby fixed, and no longer remains indeterminate,

as stated hy Laplace. Let <p(<?0 denote the probability of the

error e : then the probability of any system, or the probabi-

lity of the simultaneous existence of the errors e, c\ e" 6^c. of

that system, is equal to

-1-X ^(c').<p(/^).?(/'^)cScC. = ^,

the letter H representing the sum of all the values of P for

every
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every possible system. It has been shown that the product P
has a maximum value determined by the equation

(_^ . ilUfl) e + (-;' • '-^-^) e'+ &c. = (B)

Now it is plain that (B) will coincide either with some system

S.X<? = 0, the numbers A, x', x" &c. not being all in the same
proportion to a, a\ a" &c. ; or it will coincide with the par-

ticular system S.ae = 0. The former will be the case when

—\— <^_M^il contains <?, and consequently has different values

for the several errors ; the latter will be the case when the

same function is equal to a constant quantity. The equation

(B), in which are contained all the most probable systems,

cannot coincide with any case S. X^ = 0; for then, according

to the demonstration of Laplace, the probability would be

less than in the system S.fl^ = 0, v.hich is absurd. There-

fore the only supposition that can possibly be true is the iden-

tity of (B) with '$>.ae =0. But this requires that

1 d-j (£^) _ _ ;^2 .

and consequently, ^^^s) _ ]cc~''*^'.

Since the equation S.«^ — 0, makes the function S.e' a

minimum, it follows incontestably, from the demonstration of

Laplace, that the minimum of S.f' must coincide with the

maximum of the product P ; which is the same condition to

which we have already brought the determination of the pro-

bability of an error by a different mode of reasoning. There-

fore the investigation of Laplace, whatever merit it may have

in other respects, is neither more nor less general than the

other solutions of the problem.

The analysis of Laplace is different from that of other ma-

thematicians in reversing the order of investigation. It has

been most usual to begin with seeking the .law of the proba-

bility of an error ; and, when this is found, the chance of a

given combination of the errors is derived from it. Laplace

begins with computing the chance of a given combination of

the errors by means of the doctrine of combinations ; but it

is manifest that the result obtained, when compared with the

equations supposed to subsist between the errors, leads to a

particular law of probability. ITpon the premises laid down,

both methods lead to the same conclusions, and the demon-

strations obtained in both ways are eciually extensive. The

investigation of Laplace is more analytical an(l more philoso-

phical, as it requires no jjrevious discussion of the law of the

probability of an error; but, on the other iumd, it is confined
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lo the case of a great number of errors, in order to render the

calculations practicable.

Thus, if we apply the doctrine of probabilities to find the

most advantageous way of combining a set of observations,^

and likewise require that the final equation must be one of

the first degree, we are invariably led lo the method ot tlie

least squares, and to the law of probability expressed by

the function kc~'^ ^\ in vvhatever way we pursue the investi-

gation. It must therefore be allowed that the evidence we

have for one of these two things is just the same as that which

can be obtained for the other. If it tan be well proved that

the particular law of probabilily will belong to every set of

observations, the rule of the least squares will be firmly esta-

blished ; but if hardly any good reason can be alleged in sup-

port of the first, the other will rest on foundations equally

feeble. When the investigation of Laplace is understood in

all the generality that, I apprehend, has hitherto been ascribed

to it, the proof of the method of the least squares is as strong

and convincing as the nature of the case will admit; because

among all the laws of probabihty that can be imagined, there

must be one that will nearly apply to the errors of any set of

observations in which only an ordinary degree of regularity

is supposed to prevail. But the complexicm of the proof is

entirely changed when it is shown that the author's reasoning

takes in only one particular law.

What has now been said justifies the view taken of tliis

theory in the foregoing researches. The proof of the method

of the least squares by means of the doctrine of probabilities,

being entirely supposititious and mathematical, is insufficient

and unsatisfactory ; and we must therefore seek a better sup-

port for it in the nature of the equations of condition. I have

already given two different demonstrations independent of the

laws of chance. On re-considering these I do not find that

any thing material can be added to the second ; but some con-

siderations that have occurred since the first was written seem

to render it more complete.

If, as in the first demonstration, we conceive the weights

a, a', a" &c. to be in equilibrio when suspended from the

levers e, e', e" &c., it is obvious that the equilibrium will not

be disturbed, if all the errors increase or decrease in the same
proportion. Now, when the errors vary in this manner, there

can be no manner of doubt that the most advantageous sys-

tem is that which makes the sum of their squares a minimum.
Suppose next that the errors vary, but not all in the same pro-

portion ; the equilibrium will be destroyed, and the force of

prepondcrancy
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preponderaney may be estimated by the distance, from the
common fulcrum, of the centre of gravity of the weights liang-

ing from tlieir new points of suspension. But whatever the
supposed variations are, it will be admitted that the errors
may undergo opposite variations, so as to acquire an equal
and contrary preponderaney; and it is obvious that the system
of the least squares is an exact mean between the two oppo-
site systems. We cannot therefore but conclude that the
system in which the sum of the stjuares is a minimum, which
occupies the mean place among all the possible svstems, is

preferable to every other.

When the rule of the least squares is demonstrated in a
satisfactory manner from the nature of the equations of condi-
tion, it has been shown that the errors can follow only one
law of probability. But it would be in vain to attempt to
verity this law in a direct manner, or to show that the errors
of any set of observations exactly agreed with it, or even ap-
pi'oximated to it. A very cautious inquirer might therefore
wish to compare the results obtained by the doctrine of pro-
babilities with the like results deduced immediately from the
equations of condition by the ordinary processes of investiga-

tion. There is no doubt that a very exact coincidence would
be found between the conclusions deduced from the two me-
thods ; but we cannot enter upon this discussion.

The practice which is universally followed of taking the
arithmetical mean of a set of observations is comprehended
in the genertil method we have been considering, as we have
always supposed ; lor it is the particular case when the weights
a, a\ a" &c. are all equal, and the sum of the errors is equal
to zero. It may not, however, be improper to prove this more
particularly; and for this purpose we must go back to the
original meaning of the symbols. We have

e = V -o
-17 -IV d'^' 1r/
V = V -f

—— J- = V -\- ax :

ax

now when a, or -— , remains invaiiable from one observa-

tion to another, the value of V will likewise be constantly tlie

same. WMiereibre the errors are respectively

e =Y -o
e' =Y - o'

e" =.W - o"

&c.

and wlien the sum of the errors is zero, their number being
n, we obtain -y _ " -f »' + »"

-f & »-••

_

In
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In conclusion, it may not perhaps be improper to assign

the reason why the analysis of Laplace coincides exactly with

the particular law of probability. It arises from the approxi-

mation employed by the French geometer; according to which

the squares only of the errors are retained in the expressions of

the probabilities, the higher powers being dismissed. There is

thus the most perfect agreement between the results obtained

both ways ; a convincing proof, in point of fact, that the two

methods are fundamentally tlie same, and are different only

in the mode of investigation.

March 2, 1825. James Ivory.

XXVI. An Account of the Earthquakes "which occurred in Sicily

in March 1823. By Sig. Abate Ferrara, Prcfessor of
Natural Philosophy in the University of Catania, Sfc. Sj-c.

[Concluded from p. 100.]

Physical Ohservatioiis.

"IT/'HEN the people about ^tna perceived their houses be-
'* ginning to shake, they turned their eyes towards the

volcano, and waited in expectation of an immediate eruption.

And while they looked, fearful apprehensions filled their minds,

and they prayed that the event, be it what it would, might

take place at once.

The philosopher, who observes the phaenomena of nature

for the sake of reducing to the same class those of an analo-

gous origin, and thence to deduce them from the same cause,

observes the link which connects earthquakes with volcanic

operations, and sees with the ignorant vulgar those mighty

forces preparing in the subterranean furnace, which are able

to put in motion immense masses of the solid globe, and to

agitate them as water is agitated by a violent wind. The
eruption of -^itna in 1811 was interesting from the grandeur of

the spectacle which it presented, and no less so from the in-

struction which it conveyed to the naturalist. A new open-

inor was made on the surface of the mountain. Explosions of

tremendous force preceded the emission of immense columns

of smoke and inflamed masses of matter, which were inces-

santly belched out towards heaven, and whose approach was
announced by horrid roarings and explosions which filled the

air to a great distance. Each explosion was accompanied by
shocks ; and as the interval between them was but of a few

minutes duration, the city and country to a vast extent were

in a continued undulation. For many days at Catania, eigh-

teen
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teen miles distant, we were rocked as though we had been
upon the sea. Some of the shocks were very violent. The
door of my chamber, which I left purposely a-jar, kept a con-

tinued beating against its side posts. The shocks lasted as

long as the volcano was in operation ; and when the external

phaenomena disappeared, the internal fire not being yet ex-

tinguished, deep subterranean rumblings and explosions were
heard, and shocks felt at each report.

When the fire invests substances, it rarefies their masses to

a great degree; the acquisition of new volume produces a pro-

portionate expansion ; and under the action of an enormous
accumulation of inflamed matter, a passage is made for it with

sudden and fearful energy. The expansion of water, for ex-

ample, under a medium pressure of the atmosphere, is 1 728
times its first volume, and it increases in the ratio of the heat.

At 110° of Reaum. the pressure is equal to four atmospheres

only. The explosion of a single barrel ofgunpowder shocks and
overthrows the whole vicinity. If, then, a subterranean stream

of water happens upon places where volcanic fires are burning,

it is at once conveited into steam, acquires a density propor-

tioned to the resistance of the mass of earth above it, circu-

lates about, and agitates the m(;st solid mountains and great

tracts of land, until, losing its heat in the cavities of the earth,

it returns to the state of water, without having given any ex-

ternal marks of its existence. It seems that the return of the

terrible phaenomenon is owing to the flow of water into places

on fire—of water, the streams of which are determined only

by accidental causes.

The vast furnace in the interior of the earth being inflamed,

the fire attacks every thing exposed to its influence: some are

liquefied, while others are converted to vapour; these, deve-

loping their volumes, form a system of force moving with im-

measurable power. The subterranean cavities, little able to

contain them, are violently convulsed in all their dimensions

;

and this effect is transmitted by the solid earth to distances

propoitioned to the quantity of force, to the transmissive power
of the body moved, and to various local circumstances favour-

able or otherwise to the jiropagation of motion. After having

combated with the obstacles which oppose roaring mider the

earth like the winds of .Eolus, to find an outlet from the places

in which they were produced, they circulate in various canals,

until a cold temperature deprives them of the heat which gave

them such powei', and they sink into their former state. Oiten,

however, they drive befon; them the matter which tlie heat

has li(|uefiecl ; and urging it towards the ancient mouths of

Vol. ().j. Xo.32rJ. 7V/r/rr// 182.'5. Y volcanos.
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volcanos, belch it out in flaming rivers in the midst of the ter-

rible pliienomena which they themselves produce*.

Urged by the passion for observation, I have often descended

into the horrid cavity of the crater, and approached near the

blazing brink of the new orifices vi^hich have vomited forth
• T 1

streams of fire in my own time : I have seen nnmense torrents

of aqueous vapour urged from the vast chimney, whose base

is lost in the deep furnaces below ; I have been bathed in the

water to which the vapour was reduced by the low tempera-

ture of the atmosphere into which it entered ; often have I

seen it fall in fine showers all around me. Having penetrated

into the recesses of the globe, it is in this manner forced out

again by the heat to which it is exposed. I have observed

the hydrogen gas, one time burning with its peculiar colour,

at another, bursting forth with a loud deep explosion ; the

sulphuric and muriatic vapours whitening the immense clouds

of smoke, and filling all the air with their suffocating breath;

or, seizing upon the solid substances around, remaining fixed

upon them. Fused substances, forced up by the elastic va-

pours, are disgorged from the same mouths, spread about

in torrents of fire, and consolidated by the contact of the

air. Is it not possible that the seat of these products may
be extremely deep, and that yet they may reach the sur-

face? Who knows but in other places, those grand labora-

tories of nature, from causes which will always elude our in-

vestigation, may be so deeply seated, that their productions

never arrive at the surface ; and that no other evidences of

their existence, no other effects of their action are perceptible,

than the shaking of the earth, and the rumblings which the

aeriform elastic vapours make in the cavities of the earth +.

* In my " Description of jEtna," I have proved that the furnaces to this

volcano cannot be under the foundation of the mountain, but at various

distances from it. The immense vaults, which must have been formed

after so many ages of conflagration, would, at the first violent shock, have

swallowed up the whole mountain; and the combustible materials would
have been exhausted in so small a circumference. The inflamed matter

in different situations, from causes established by long usage, flows towards

iEtna, and is ejected by it. Seneca {Epis. 79) acknowledged this truth

;

" ignem in ipso monte non alimtntuni, sed viam habere."

\ The deficiency of volcanos in any place ought not to be made an ar-

gument against the existence of igneous fermentation .under that place

;

since it may be placed at a great depth, or at least not be sufficiently large

to form an eruption. And indeed, notwithstanding the numerous volcanos

which have burnt at one time or other, in almost every region, may it not

be possible that there is still but one great reservoir of fire, the remains of

that which in remote ages has burst out in Portugal, Spain, the South of

France, Italy, tlie islands of Great Britain, Germany, Bohemia, about the

Bosphorus, on the Coasts of Asia, and in many other places?

Three
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Three principal furnaces have their outlets on the three

sides of Sicily, and each with a force proportioned to the cir-

cumstances which supply it with combustible matter. jEtna,

on the eastern side, by the immensity of its power rules the

whole island. When in full action, the island trembles to its

foundation, and feels the mighty power which has borne rule

there from time immemorial. Its roarings are heard from

one extremity to the other ; but the parts most agitated are

those in its neighbourhood and those between it and Cape
Passora, a space of about a hundred miles.

The mountain of Sciacca,on the southern shore towards the

west, seems to cover a place where the elements have been in

ceaseless operation for ages. From dark caverns which open
in the more elevated parts, torrents of water in the form of

heated vapour, with sulphurous gases, ai'e ejected. Having
penetrated into the internal recesses, but unable to extinguish

the fermentation, the water becomes invested with fire, is con-

verted into vapour, and thus exhaled into our atmosph«-e»

The extrication of the steam causes in the internal caverns a

deep roaring, and often fearful convulsions felt at a great di-

stance. At such times Sciacca, at the foot of the mountain,

experiences the most violent commotions. In 1578 it was re-

duced to ruins. In 1652 for fifteen days it suffered the most

severe and unremitted shocks. For some months in 1 724 the

earth was so frequently and violently agitated that all the in-

habitants fled into the country. In September 1 726 all the

western part of Sicily was shaken with the greatest severity

;

and in Palermo at that time many lives were lost and many
edifices destroyed. In June of 1740 Sciacca felt 22 shocks,

with injury to buildings and loss of lives ; that of the 25th was

of such innuensc force that it extended as far as Palermo.

After the middle of December 1816 the inhabitants heard

extraordinary rumblings under the mountain; and in January

of the succeeding year the shocks were so frequent, that 12

were sometimes counted in one day, and so violent that it

seemed that the foundations of buildings must be rooted up

—

the rumblings and explosions under the mountain became!

fearfully loud—and the sea dashed in great waves against the

shore at its foot. Sambuca, 15 miles distant, sufl'ered much
injury. A strong odour of sulphur pervaded the air all about

Sciacca. While nature was in this agitation in the western

part of the island, the eastern was enjoying perfect <|uiet.

Over against Sciacca, at the distance of 70 miles, Pentellaria

rises from the sea, and presents the same pha;nomena: an

island of lava and other burnt matter, and streams of lieated

vapour of water and of sulphur issuing inccssiintly from its

V 2 cavities,
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cavities, show a great fermentation in the deep caverns under

the sea, and to wliich little is wanting to renew its ancient

conflagrations. Off the northern coast of Sicily is situated a

chain of islands extending from east to west and terminating

with Ustica, at the distance of 42 miles from the western shore

of Palermo. All of these islands, sons of volcanic fire, which

has raised them from under the depths of the sea, bear the

impressions of the terrible element ; and some are still burn-

ing, and serve as outlets to the subterranean furnaces. Vul-

cano, 22 miles fi'om Cape Milazzo, burns, roars, diunders, and

belches out continually immense columns of smoke and flame.

Stromboli ceases not a moment in vomiting forth smoke, flame,

and streams ofvapour, which, rushing from the inflamed mouth,

produce a horrible roaring, spreading terror among all the

Eolian islands and the adjacent coasts of Sicily and Calabria.

Lipari still preserves in its baths a part of that heat which

one day fused into glass the matter of which it is formed. The
action of these islands has almost always troubled Sicily. Early

one morning, in February 1444, enormous masses of heated

matter, amidst huge volumes of smoke and flame, were raised

from the sunnnit of Vulcano, and hurled about the sea to the

distance of six miles, while strong shocks agitated this island

and Sicily*. Other flaming masses were thrown out on the

24th of August 1631, which driven by the wind passed over

Naso in Sicily, directly in front of Vulcano; and on the next

day this unhappy city, by the violence of the convulsions of

the earth, was entirely laid in ruins. Many persons were in-

jured. A cleft was made in the soil, from which a very strong

odour of sulphur issued f. On the 22d of April 1717, at dawn
of day, a deep subterranean murmur was heard, accompanied

by a severe earthquake, the shocks of which were felt all along

the northern shore even to Messina. But the places which

suffered most were those nearly over against Vulcano, as Mi-
lazzo, PozzodigottoCastrorealo, 26 miles distant from it. The
last city was entirely ruined J. Shocks were renewed in the

same places in 1732; and with much greater force in 1736,

when the whole northern coast was violently affected, parti-

cularly Palermo, Ciminna, which was much damaged, and
Naso, which suffered still more§. On the 4th of May 1739,

about 5 o'clock P.M. the inhabitants of St. Marco, a town at the

back of Naso, saw thrown from the mouth of Vulcano innnense

clouds of smoke and burning matter, which, driven by the

wind, came roaring and thundering over Sicily, letting fall

perpendicularly into the sea and on the neighbouring shore

* Faz. dec. 1. f Car. Dial.il Bonan.

\ Bott. tie Trin. ten. Mess. 1/17. $ Mong. Stor. cici treiii.

flamina:
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flaming matter, which gave out on every side bright sparks

and struck with fearful crashes. It passed over Naso and
St. Marco, and went on wasting itself in the interior. Such
phaenomena were unlucky omens to these unhappy towns. At
12 o'clock on the 9th a dreadful howling from Vulcano was
followed by a violent shock, which after a few moments was
repeated with many explosions ; more than a hundred were
counted within six days, and anpther on the 21st. Great
rocks were detached from the mountains in the vicinity. An-
other flaming mass on the 9th of June darted from Vulcano
and passed over Sicily ; shocks were felt till the 22d, accom-
panied by bowlings and numerous explosions from the burn-
ing mountain. St. Marco suffered exceedingly ; but Naso
was entirely destroyed*. The volcanos of Eolia contributed

much to the earthquakes of Calabria and Messina in 1783.

Stromboli was almost always in great commotion. For many
days it seemed like a mad bull, which, raised above the waves,,

by his roaring filled Calabria and Sicily with terror. Vul-

cano often accompanied it, and its deep rumblings and vast

columns of smoke and flame were terrible.

After the violent earthquake of Sciacca in 1816 the same
evil fortune happened to other parts of the island. On the

15th of April 1817 a severe shock terrified the people of

Caltagirone in Valdinoto, and of the neighbouring places.

One happened at Catania in October, and another on the

20th of February of the following year, 1818, which was

enormous. All the towns about JExna. were iniined, and many
lives lost. Catania felt its injurious efl^ects. It was felt all

over the island, since at Palermo it produced three undu-

lations. Others which followed it, and which continued to

agitate Catania and the neighbouring region until April, were

felt with greater force. All these shocks were the precursors

of the grand erujition of ^"Etna, which burst out on the 27th

of May 1819, and which lasted until August. While Sicily

was trembling, this volcano was making its preparations in

silence. The effects of the ojxjrations of iEtna are felt in

places at a great distance from the mountain. After the

troubles of February and April, Catania and its vicinity en-

joyed repose until the 8th of September, when all Madonia
was convulsed. Other shocks succeeded in October and No-
vember. On the 25th of February 1819 a very severe one

was felt, which extended to a great distance. At Palermo

three motions were produced, the last of which was very vio-

lent. The shocks in the whole of the vast extent of the moun-
tains, where so much injury was done to the houses of the

* Aniico Auct. ad Faz. Mong. I.e.

iiuuicrou^
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numerous inhabitants of these regions, were always preceded

and followed by subterranean murmurs and distant explo-

sions. Under these places it seems that those substances were
deposited which ^^tna inflamed and ejected from its mouth
in the following May; because, after the eruption commenced,
Madonia was left in quiet, while >32tna, which till this time,

and during the agitations of Madonia, had remained perfectly

calm, became convulsed with earthquakes. They accom-
panied the eruption.

With the extinction of the conflagration in August all the

phaenomena ceased, and the earth was no longer agitated.

But in 1822 ^"Etna showed that the fermentation within its

furnaces was again at work. On the 5th of April rumblings

and continued explosions were heard, which were followed

by great clouds of smoke violently driven from the crater by
the impetuous current of elastic vapours. A shower of sul-

phurous ashes fell all around. On the 6th a violent shock

convulsed all the towns between ^Etna and Madonia—Capizzi,

Cesara, Sperlinga, Troina, Gangi, Gagliano ; but in the midst

of these Nicosia seemed the centre of impulse in all the shocks
which followed throughout the month. Its soil appeared on
the point of being torn up by force ; many buildings were de-

stroyed, and its inhabitants fled in consternation to find ah
asylum in the country. The immense clouds of smoke and
earthy ashes which were ejected from .Tune to October—which
covered the more lofty part of the mountain with a gray stra-

tum—which filled the atmosphere and gave out through the

whole region a strong odour of sulphur, clearly prove that

all these commotions were produced by forces collected in the

recesses of ^tna*.
While

* From June to October 1822 Mina. emitted great quantities of volcanic

ashes, which were scattered all over the mountain ; on the plain about the

crater it fell to the depth ofa foot. From the mouth of the crater and through
fissures near the mouth, so dense a smoke and such copious streams of aque-
ous vapour were given out, that when they were condensed by the lower
temperature of the air the ground about these orifices was drenched with
water. The vapour, which was still suspended by the caloric imparted to it

by that already condensed, fell soon after in the form of a brine, acidified by
the mixture of sulphurous vapour contained in the smoke, and to which was
owing the odour of sulphur given out by the ashes wherever it fell. All the
ashes about the crater was saturated with this brine. The vapour of water
is always found in the smoke of jEtna, but in much greater quantities at the

time of an eruption. In my relation of that of 1792, 1 mentioned that at a

little distance from the crater a new orifice was made by the force of the
vapour, from which for a long time pieces of old lava and scoriae and ar-

gillaceous earth saturated with water, were ejected ; that standing there to

observe it, I was continually bathed in the brine which fell from the smoke.
This phEenoracnon of.Etna in 1822 has been much misrepresented in foreign

journals,
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While Nicosia and the whole space between Madonia and
iEtna were in such commotion, Sicily to the west and all the
northern coast enjoyed perfect quiet; but a sad reverse was
preparing. In October, vEtna ceased throwing out sulphurous
ashes and sand, and with it ceased all its noises and shocks,
and all was calm. In February at the beginning of the next
year small motions of the earth were felt along the northern
side of the island, which were the preludes to the scene that

presented itself in March.
The direction of the motion was from N.E. to S.W., as was

proved by all the phaenomena mentioned in the beginning.
I will not be guided by the injuries suffered in different parts,

journals, which say, that in the recent eruptions ofjEtna the earth opened at
a great distance from the crater, and that a muddy substance which is not
lava was thrown out. As this important error, should it gain credit, would be
injurious to science, I make all haste to correct it. In 1822, neither at a great
nor at a small distance from the crater, the earth opened, .ind the matter
thrown out is volcanic ashes, perfectly like that which has usually been ex--

pelled by this volcano ; at least for the forty years that I have studied it. It
did not come out in the form of mud, but in exceedingly fine dust, which
afterwards became wet with the vapour condensed within the very edges of
the fissures, or which fell in brine. It is a long while since any of the writers
on volcanos, wishing to establish the theory of " eruptions of mud," have
named that of sea-water and shells in 1755; a popular credulity, which I

have been compelleil to do away by every possible proof. This new error
of 1822 might recall their arguments and lead on to other errors. I have
given with much pleasure a true detail of the fact to theillustriousM.de
Humboldt, who wrote me on the subject with that ardent zeal whicli cha-
racterizes him, and which has rendered him, as he is proclaimed in both
hemispheres, one of the greatest observers of nature. With respect to the
nature of these volcanic ashes, although I am convinced that it differs not
at all from that which has always been ejected, yet I wished to consult the
oracle of chemistry upon it, since it is his delight to discover the composi-
tion of bodies; I mean the illustrious Vauquelin, whose kind regard to me
has conferred on me so much honour. My first packet, much to my regret
and that of the eminent chemist who was expecting it, never reached its

destiny; but I renewed it, and the results shall have place in my continu-
ation of the History of yEtna from 1818, where I left it, which I shall soon
publish. I will add, to finish this note, that the "muddy eruptions" so called
liy our Macalubbi, are not such, even according to the imaginary ideas of
Plato, who admitted rivers of nmd in the interior of the globe, to which
end he idleged such eruptions in Sicily. Nothing comes up from the
depth of the earth but streams of carburetted hydrogen gas, which finding
above the argillaceous chalk of which the soil is formed, loosened away
by rain-water, it forces it up and causes it to flow in nmddy streams. In
times of drought, dust only is forced up, and in its passage a whistling is

made like an impetuous wind. Even of our lake of ihePalici they believe
that the water comes from the interior of the earth, and wonder that it

never overflows. Why do they not observe that in dry years it entirely
evaporates, and that nothing comes out of the chinks at its bottom but
currents of air, which give to the water the appearance of boiling when it

collects there from the rain.

I'or
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for these spring from a complication of causes; from the soil,

its greater or less capacity of receiving and communicating

motion, from the manner in which it presents itself to the pro-

gressive motion, and from the state of the edifices. These

circumstances may sometimes produce anomalies which easily

deceive those who do not bestow in the examination of them

the attention which they deserve: but without fear of error I

may say, that in general the shock was much the most forcible

on the northern shore, and at a little distance from it; and

that it went on gradually diminishing towards the interior. The
moving force, then, must have been in operation somewhere

under the sea opposite this part of the island. Naso was al-

most entirely ruined ; Patti, and all the towns about Capes

Orlando and Calava, and which are nearer Eolia, were consi-

derably damaged. Some very small thinly inhabited towns

lost little, because they had little to lose; others were in some
measure defended by their situations. Palermo, at the bottom

of a bay which curves towards these burning islands, and sur-

rounded by large and high mountains on the other side, was

exposed to the whole force of the motion against it : this it

was, together with the degraded state of its buildings, which

brought such ruin upon this beautiful city. Every thing

seemed then to announce to us that the most expansive va-

pours which proceed from the burning furnaces of Eolia, in

developing their immense volumes, urged against the sides of

those cavities which once contained the matter of which all

these islands are formed, produced the motion that struck

obliquely against Sicily, and moving along the siiore towards

the west, spread despair throughout Palermo. After the shock

of the 5th, their motion was more free ; and they were heard

murmuring under the soil near our island, seeking an outlet

from the obscure caverns in which they were generated, but

not propagating their motion to any considerable distance.

The course of that of the 7th was in the same direction with

that of the 5th; but that of the 31st was in a direction di-

rectly opposite ; since it was felt at Messina, and not at Pa-

lermo. The undulations were determined by the horizontal

direction of the motion ; the perpendicular shocks, by a force

acting from below upwards, which supposes a much greater

depth in the situation of the acting force than the other, with-

out ever being in any case nearer the surface. Every one

may easily distinguish the difference which subsists between

the superficial motion caused by the rapid passing of a heavy

carriage, or by the sudden combustion of a large quantity of

confined gunpowder, which would cause the darting of a large

accumulation of electric fluid to restore the equilibrium be-

tween
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tween the earth and the atmosphere, were it possible for it to

collect in the midst of so many conducting bodies, which seem
designed to restore the equilibrium instantly ;—between this

motion, and the deep heavy earthquake, armed with such
terrible power, which agitates so violently a great extent of
the globe, which sometimes seems ready to tear it from its

very foundation, and which has all the characters of an effect

sprung from most wonderful degrees of force, which, placed
deep in the earth, moves and convulses those great masses
Ij'ing between it and the surface.

The idea of forces and effects like these fills with fear the

miserable mortal who creeps upon the face of the earth, and
brings his pride down to the dust. When he sees the earth

reel, and the great fabrics which he has raised with so much
confidence rushing to ruin, he despairs of finding any where
one firm support to his frail existence.

The chinks and fissures formed in many places, and to which
the vulgar attribute much importance, ai'e in consequence of
the quaking of the soil, and to which the softness of the earth

and the loss of its internal support have given place. The
country of Bosco about Ogliastro, of which I have already
spoken, became furrowed with divers long, tortuous, deep
clefts, the sides of which in some places sank down ; in other
places, portions of the surface passed down over inclined plains

below them, and took new positions ; the olive-trees, which
some of these carried with them, were much injured by the

breaking and displacing of their roots. This land is formed
of an immense deposit of argillaceous chalk, more than a hun-
dred feet deep. The water which penetrated it (and the \\\n-

ter there was very rainy) loosened away the earth, and carried

a great part of it into the internal cavities below ; the surface

thus wanting solid support, under the shock of the earthquake
became filled with depressions, caverns, and inequalities. The
same may be said of a great aperture made in the vicinity of
Colesano, which dilating itself day after day threatened to

render those places inaccessible. Copious showers alone pro-

duce such effects in the chalky land of many parts of Sicily.

This want of firm bases frequently causes the overthrow of
great rocks at the time of earthcjuakes. Well do we remem-
ber, that in the earllu|uakc of the ."jth of February 1783, a
mountain a mile to the south of Scilla, and which was a n)ile

and a half in length, fell over into the sea of Calabria and
formed two new promontories.

Phcoiomcna nhscnvd in the Eolian Sea.

If all these facts induce us to locate in Eolia the causes of
VoL 65. No. 323. MarcA 1825. Z the
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the physical events of the past March, it is necessary to in-

quire it' these islands exhibited at that time any phasnomena
which may corroborate our opinion. I will mention, therefore,

in this place many facts, about which there can be no uncer-

tainty, and which will be of the greatest importance should

any one wish to push the suspicion which I have announced
in this memoir to certain evidence*.

Since September of last year the daily quantity of smoke
from Vulcano has been mucli greater than usual, and flame

has often been visible in the evening. Explosions have been

frequently heard on the neighbouring coasts of Sicily. But

Stromboli has exhibited the greatest activity for almost four-

teen months without intermission. Shocks have been very

frequent, and so strong as to fill the islanders, although ac-

customed to them, with great a)iprehensions. The island, with

the blazing mountain itself, seemed often on the point of being

torn up from its foundation. The volcano opened two new
mouths on the side which looks towards the sea, and belched

out from them fearful clouds of sand and burning rocks, which

after darkening the air fell to the earth. Fortunately their

direction was not towards any of the little habitations or cul-

tivated fields of the island. One forest only on the side of

the mountain suflered some injury. The inhabitants often

found themselves enveloped in thick clouds of black smoke
and ashes, which the wind drove among them. But only one

man was struck by the burning rocks hurled through the air

with immense violence. The scoria and ashes did much da-

mage to the cisterns of the island, and to the terraces which

serve as tiles over them. Torrents of black smoke, ashes and
sand were often ejected and thrown to various distances. The
greatest shocks were sometimes followed by a thick dry cloud

which filled the air of the whole island.

The shock of the 5th of March was very strong at Strom-

boli, at Saline (formerly Didime), and at Lipari. The inhabi-

tants of Lipari did not doubt that their houses would this time

be reduced to ruins; and they have not yet ceased giving

thanks to Heaven and their protecting saints for defending

them from utter destruction. They affirm that a moment after

the shock all their thoughts were turned upon the disasters

which might happen to places on the neighbouring coast of

* The external pliERnomena of a volcano show that the effects of the

fermentation have come to the surface ; but Nature operates often in the

dark recesses of tlie earth, without exhibiting any external visible effects of

her operations : elastic vapours may form there, shake the soil, and return

to their concrete state. When eruptions happen from the inflamed mouths,

it is because these subterranean forces have met with substances which may
be thrown out, thus giving certuin proof of tho existence of these forces.

Sicily
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Sicilv and at Palermo, towards which the direction of the

motion seemed to be. Lipari lies between us and Stromboli.

Since April the parts of our island which were before agitated

have been left in repose; but shocks are still frequent at

Stromboli, and keep the poor inhabitants there in continual

fear. The subterranean furnace seems to have lost much of

its power, as the elastic vapours generated there shake but a

very limited space, and the new apertures of the mountains

emit now and then but a very small quantity of fine sand, which

is always the last product of an expiring conflagration.

From what I have laid down it is just to conclude, that the

fires of Eolia are those which have for a long time been pre-

paring the event of last INIarch ; that it was produced by mo-
tions generated in those mighty furnaces, and that those mo-
tions were propagated to great distances. If Sicily then is so

often shocked, the powers which agitate it must exist in vol-

canos that burn within its own bosom and in the surrounding

sea. Situated in the midst of such grand operations of Nature,

Sicily must be exposed to all the effects which such power-

ful causes are capable of ])roducing. The chemical subter-

ranean operations require that the earth should every where

be traversed by vast cavities and canals, running in various

directions ; and the forces of the operations act on the differ-

ent parts of these cavities. But it is natural to believe, and
many fiicts in this memoir demonstrate the truth of it, that

places in the vicinity of the three gi'eat volcanic outlets ordi-

narily feel the force with the greatest violence. In this re-

spect the situation of Palermo is very advantageous ; since it

is distant from iEtna and from Eolia, and is near to Sciacca

only, which is the least energetic. And this grand and re-

spectable city would be less exposed to such grievous disasters

than all the other cities of Sicily, did its edifices possess that

character, which they might easily be made to possess, which

constitutes true solidity and firmness.

XXVII, On Mr. Stuugeon's Suggestion relative to the Elec-

tric and Magnetic Causes of the Earth's Motion, and on its

Similarity to the Theory of Mr. W. VlERAPAin. By.

Mr. J. P. Bevan.

To the Editor ofthe Philosophical Magazine and Journal,

Sir,

|N opening your Magazine for October last, I was struck

witii the similarity between some of the observations of

Mr. W. Sturgeon in his jjaper on electro-magnetism, pul)-

lislied in that Magazine, and those of my fricna Mr. W. V\&-

Z 2 rapath,

O
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rapath, delivered, in a lecture on that branch of science, before

the Society of Inquirers*, on the 19th of April 1824. A report

of this lecture was published in Felix Farley's Journal (a

leading newspaper of this city) ut the same time. In this re-

port Mr. Herapath observes, " that as a body possessed of

the electric and acted on by the magnetic fluids revolved

upon its axis, it was rendered extremely probable that the

earth's motion was occasioned by these fluids, the electric ge-

nerated within itself by the chemical changes constantly taking

place from the action of solar heat ; we have only to conceive

that there is a great preponderance of positive fluid at one

pole, and of negative at the other, to satisfy the conditions of

its ability to move."
In his lecture he stated that he had been induced to form

this opinion in consequence of the following reasons :
" A body

filled with the fluids given off by chemical action and by the

magnetic fluids, will revolve upon its axis, as exemplified by
Faraday's revolving magnet ; it will also, when thus filled,

revolve round a fixed body similarly circimistanc»;d, and its

distance from it will be regulated by the quantity of the fluids

it possesses: the fluids given off have the power of penetrating

space, as demonstrated by the galvanic stream passing in

vacuo. The motions of bodies revolving from the impulses

enumerated are either from west to east, or from east to west,

according to the nature of the fluids : thus, suppose a body
acted on by negative electricity and north magnetic fluid in

one direction, and by positive electricity and south magnetic
fluid in the opposite, it ought to revolve upon its axis. The
magnetic fluids are polarized in the earth ; and reasoning from
analogy, the electric should be so also; since we find that in

all bodies containing electricity the positive appears at one
end and the negative at the other : all the conditions, there-

fore, requisite for a body to move in an orbit round another,

as well as to revolve upon its own axis, appear to be pos-
sessed by the earth. As the electric and magnetic fluids are
the only iihilosophical agents which would produce rotary

motion, and as the earth possesses these fluids, it is not un-
philosophical, in the absence of demonstration, to conclude
that they are the cause of its motion."

These quotations prove that Mr. Herapath entertained the

opinion that the electric and magnetic fluids were the cause
of the motion of the earth long before Mr. Sturgeon, or at

least that by priority of publication he is entitled to the ho-

* I would licrc observe, that in this Society the members lecture to eacli

other on the different dr-partmcnts of science, &c., at their own cost re-

spectivcl.v.

Hour
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Hour which may attach to it ; and as this is often all that the
philosopher obtains, it should in justice be awarded to him to
whom, as being the first publisher, it is unquestionably due;
and that Mr. Herapath was so in the present instance you
will be convinced from the report of his lecture, which I have
taken the liberty to inclose,

I am, sir, yours, &c.

Bristol, Feb. 24, 1825. James P. Bevan.

XXVIII. Demonstrations of Trigonometrical Formulce.

To the Editor of the Philosophical Magazine andjouriial.

Sir,

FLATTER myself the demonstrations of the followino-

trigonometrical formulee are new: but if I am mistaken, per-
haps the circumstance of their not being in general use may
procure them insertion in your Magazine.

I am, sir, yours, &c.

Lincoln's Inn, Feb. 14. 1823. C^

I

Theorem 1. Let ABC be a
triangle having the
angles A, B, C to
which the sides op-
posite are a^b^c—

.

Then by trigo-

nometry,

a sm C = c sin A or a sin (A + B) = ^ sin A

Hence sin (A + B) = -^ sin A
Again, if a perpendicular be drawn from C to the opposite
side Cy we have

c — a cos B + i cos A

.'. — = cos B H COS A = cos B H—r-,- cos A
a a sin A

Hence by substitution

, . r.v / T-» sin \i A \ • .

Sin ( A + B) = ( cos B + -:-— cos A sm A
\ ' ' \ sin A

and .-. sin (A + B) = sin A cos B 4- cos A sin B

Theorem



COS B + — COS A = COS B + -n—r cos A
a bill A

182 Demonstrations of Trigonofiietrical Formulce.

Theorem 2. If a perpendicular be let fall from B to the

opposite side b, we have

b = a cos C + c cos A
= c cos A — « cos (A + B)

r-r I > T.\ c k ^ c n sinB
Hence cos (A + B) = — cos A = — cos A :

—

-
^ ' a a a sin A

Now c = a cos B + b cos A
,'.

^ ~- cos B +
a

Hence by substitution

/ » -ox / -r» ,
sin B . \ . sin B

COS (A -f B) = (cos B + -.

—

- cos A) cosA—-.—^.-
^ ' \ sm A ' sin A

T-, . , sin B 3 . sin B= .*. cos 15 cos A + -;—— cos '^A — ^ r-
sin A sin A

T-, A sin B •!-»•* sin B= COS B cos t\. + T— I sui B sni A :
—

-

sin A sm A

= .*, cos B . COS A — sin B sin A
Theorem 3. Let A be an exterior angle of the triangle.

Then by Euclid c = A' - B.

Also cf sin C = c sin A = c sin A'

or a sin (A' — B) = c sin A' .'. sin (A' — B) = — sin A'

Now c — a cos B + i cos A
= a cos B — 6 cos A'

.*. - = COS B cos A = cos D — -.—- cos A
a a sin A

Bsin B .,
:—r, cos A

sin A'

Hence by substitution

sin (A'— B) = (cos B — ""
,, cos A') sin A'^ ' ^ sin A' /

= .•. sin A' cos B — cos A' sin B

Theorem 4. Since b = a cos C + c cos A
or = a cos (A'— B) — c cos A'

b c
.'. cos (A — B) = 1 cos A'

a a

sin B c . , sin B c ,,— ^hTT + T ^"^ ^ = -^t; + COS Asin A a sm A' a

Now c = a cos B + i cos A = « cos B — Zi cos A'

.',{ =cosB-.-AcosA'= cosB- -^cosA'" a sm A
Bsin B . ,

r-jT cos A'
sin A

Hence
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Hence by substitution

cos (A' - B) = ^ + (cos B - ^l cos A') cos A'
^ ' sin A \ sin A /

sin B -r> A / sin B o » i= .'. -.—TT -r cos B cos A .—— cos * A'
sin A' sin A'

sin B „ A I
sin B . . „ . A >

T + cos B cos A :——, -j- sin B . sin A
sin A' sin A

= ••• cos B cos A' + sin B sin A'

XXIX. A new biliary Atrangement of the Macrurous Crus-
tacea. By A. H. Hawouth, Esq., Fello-iSO of the Linnccan and
Horticultural Societies of Lo7ido7i, and (f the Imperial Na-
tural History Society of Moscow, 8fc. ^c.

[Continued from p. 106.]

To the Editor of the Philosophical Magazine and Journal.

Sir,

ILTEREUNDER I transmit you the promised continuation
• -' of my new binary arrangement ot" cnistaceous animals,

including the great branch Macuura; which, if you could
print in the manner of my first and second tables, would much
better display the horizontal analogies and affinities than my
last or third table can ; Xhefirst articles of every dichotomy in

any given group having ever the least affinity to each other,

and the last articles the most. Wherefore the said first arti-

cles (as animal—vegetable) are often merely analogies (in point

of relationship to each other); but these insensibly, as we
go down the table and arrive at the genera, lessen and
blend into the closest affinities. But I allow that the mode
in which you have printed my last or third table shows more
advantageously to a mere reader, the current location, or na-
tural distribution di \X\g. genera -, which, notwithstanding what
is in modern, not old times, supposed to the contraiy, I now
believe to be a continuous one, that is unravelable in the way
of a straight line; but arising dichotomously from one root
(which I have termed Matter) and proceeding in a rcpetiteh'

double, and, in point of magnitude or quantity, unequal series

;

resembling as it were an inverted branching and exuberant
tree, whose foliation and flowers may be compared to our arti-

ficial genera, and natural, and therefore permanent species.

As soon as I can procure some books which must be con-
sulted before I can proceed much further with this business,

you shall have the requisite continuations; and in the mean
time I remain, sir, yours, &c.

Qucen'i Elm, Chelsea, March 1826. A. H. Haworth.
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XXX. On the Geology arid Tojyography of the Island of Su"

matra, and some of the adjacent Islands. By the late

William Jack, M.D. M.G.S*

nPHE various journeys which have recently been made into
-* the interior of Sumatra have considerably extended our
hitherto very imperfect knowledge of the geography of that

island, and have also furnished materials for a slight outline

of its geological structure. Some account of the information

which has been acquired on both these topics may not prove
unacceptable as an accompaniment to a small collection of

specimens of the I'ocks of that country, which I have trans-

mitted to the Geological Society.

I obtained these chiefly from the western coast of the island,

which, from its greater boldness and proximity to the moun-
tains, is the most accessible to mineralogical investigation. It

is to the eastern side that all the great rivers take their course,

where the extent of alluvial land is consequently much the

most considerable. If any reliance can be placed on native

traditions, the increase of surface on this side, by alluvial de-

posit, has been great and rapid ; as in all their earliest his-

tories the town of Palembang, which is now at least sixty miles

from the mouth of the rivei', is mentioned as a sea-port, and
the adjacent hill of Siguntangguntong as an island. The
smoothness of the inland seas, into which these rivers flow,

must certainly favour the accumulation of the earthy particles

which they wash down.
On the western side, a difference of character and aspect

may be remarked between that portion of the island which lies

to the north of Indrapore and the southern. The former

compri.^es about two-thirds of the length of the island, and in-

cludes the richest and most interesting districts; its coast is

more irregular and broken, and is defended by innumerable

small islands ; while the hills, at one time approaching to-

wards the shore, at another receding from it, appear to pur-

sue no determinate line. In the southern portion the coast is

but slightly indented, and is skirted by few islands; while the

hills run in nearly a continuous chain, as far at least as Bukit
Pugong near Croee, at a distjuice of from ten to twenty miles

from the coast, and form what is usually called the Bukit Ba-
risin or Barrier range. In the northern portion there is much
less appearance of parallelism in the distribution of the hills;

and though the whole of Sumatra may, in a general view, be
considered as forming a great chain parallel to that of the

• From the Geological Transuctions, New Scries, vol. i. Part II. p. t397-

VnlGr,. So. 323. March ]H2r>. A a Malayan
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Malayan peninsula, its parts by no means exhibit a corre-

sponding regularity. In this particular the greater number
of maps convey an erroneous idea.

It has been ascertained that the Poggy islands, Pulo Nias,

and the whole of the northern coast, are laid down in Hors-
burg's charts considerably to the westward of their true posi-

tion, a circumstance which materially affects the supposed

breadth and form of the island : and it is singular that, with

the exception of Acheen Head, Bencoolen, and perhaps Flat

Point, there is scarcely a place on the west coast (where we
have had establishments for above a century) of which either

the latitude or longitude is exactly determined. The moun-
tains, for the most part, lie nearer to the western coast than

might be supposed from Marsden's map ; and a greater length

of course must, therefore, be given to the great eastern rivers,

which have their sources among them. It has been an object

of interest in our late investigations to trace more correctly

the course, the relative position, and true sources of these no-

ble streams, most of which afford safe navigation to the largest

vessels for upwards of a hundred-miles above their mouths.

The basis of tlie island of Sumatra is probably primitive

;

granite has been found in Menangkabau and at Ayer Bangy:
but trap rocks are perhaps the most widely diffused ; while

the mountains of greatest elevation, and which stand in some
degree insulated, are generally volcanic. The volcanos of

Sumatra have somewhat a difterent character from those of

Java: the former generally terminating at the summit in a

ridge or crest ; while the latter are more exactly conical, and
have for the most part much broader bases.

Commencing at the north with Acheen [respecting which
the mission of Sir T. S. Raffles in 1819 afforded the means of

adding to our information] I have merely to remark, that the

mountains which terminate in Acheen Head, together with the

adjacent island of Pulo Way, and the coast to the eastward,

including Pedier, Are of calcareous formation.

Proceeding southwards along the western coast we come
to the Bay of Tappanooly, which forms a large and deep in-

dentation among the hills of the Batta country. In these hills,

which come directly down to the margin of the sea, as well as

in the small islands within the circumference of the bay, the

rocks consist chiefly of a fine-grained sandstone, frequently

striped with various shades of yellow and red. The strata are

in general even and regular, and but slightly inclined, occa-

sionally, however, exhibiting partial disturbances and undula-

tions.

At Nattal, the next station to the southward, the mountains

i-ecede
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recede to some distance from the coast, leaving a portion of

level land, through which the river pursues a winding course

to the sea. There is a small detached hill near its mouth en-

tirely composed of limestone, of which a great quantity in loose

blocks and fragments is strewed at the bottom. The soft ar-

gillaceous iron ore, commonly called ruddle, has also been
procured from the upper part of the river.

Inland of Tappanooly and Nattal lies the country of the

Battas, in which the position of the great lake of Tobah, not

laid down in our maps, has lately been determined. It lies

about fifty miles north-east of Tap})anooly.

The Batang Tava and Sinkuang have been represented as

inconsiderable streams, while they are in fact among the largest

rivei's on the western coast; the former having its source in

the mountains of Diri, to the north of Tappanooly, and the

latter rising in Gunong Kalaber, the southern bound^iry of

the Batta country, and watering in its course the whole pro-

vince of Mendhehng. The Tabuyong, on the other hand,

which is represented by Mr. Marsden as the largest river be-

tween Tappanooly and' Nattal, is in fact small, and does not

peneti'ate beyond the first range of hills.

The province of Mendheling, which lies inland of Nattal, has

long been celebrated for its gold, which is of the finest quality.

It is said to possess upwards of seven hundred mines, and its

annual export of gold probably does not fall short of a thou-

sand tales.

At Ayer Bangy, where the hills again approach the sea,

granite makes its appearance. This place lies nearly due east

from Gunong Pasaman (known in our charts by the name of

Mount Ophir), a remarkable conical mountain, whose height

was some years ago estimated at 13,800 feet above the level of

the sea, its latitude at 6' north, and its distance from the coast

about 26 miles. On its nortli-eastern side is the source of

the great river of the Soompoor or Rukan, which crosses the

island in a north-easterly direction, passing through the fertile

valley of llau, at its exit from whence it bursts through the

range of mountains forming the eastern boundary of that

country ; and after precipitating itself over a considerable fall

enters the district of Rukan, from which it receives its name
in this part of its course.

To the southward of llau lie the provinces of Agam, Kana-

Hma-pulo, and Menangkabau, w hich, collectively distinguished

by the a))pellation of the " Darat," or " the Land," consti-

tuted the ancient empire of Menangkabau. In the territory

which was formerly included in that empire the jiopulation is

at present estimated at not less than a million and a half; and
A a 2 some
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some of the villages or towns are several miles in circumfe-
rence. The Siak river, which is navigable for a hundred miles

from its mouth, rises in the northern portion of Rana-lima-
pulo, and chiefly from the mountain Tinkalang.

With Menangkabau and the sources of the Indragiri river

the journey undertaken in 1818 by Sir T. S. Raffles has made
us better acquainted. He proceeded from Padang, on the
west coast, and after crossing three ridges of hills, exceeiling

4O00 feet in height, and covered with primeval forests, through
which the beds of torrents afforded the only passage, he de-
scended upon the Tigablas country, which is bounded on the
south by Gunong Tallang. The cultivated part of the great
valley of Tigablas may be about twenty miles long and ten

broad, and would seem to have been at one time entirely co-
vered by the waters of the existing lake, which is skirted by
hills in every direction, that of the valley excepted. Gunong
Tallang, with its adjacent hills, seems to form a transverse

range, and to break the regularity of all the other ranges
which it intersects. On the eastern side of the lake, which is

about fifteen miles long by from seven to nine broad, com-
mences the province of Menangkabau Proper, and at the di-

stance of a few miles from its banks is situated the ancient ca-

pital of Pagaruyong.
The Indragiri river has its source on the eastern side ofLake

Sophia*, and flows through the province of Menangkabau,
receiving the waters of the celebrated Ayer Mas or " Golden
Stream," which passes through Pagaruyong, and soon after

of a large river which rises in Agam, behind G. Singalang and
G. Berapi, and traverses a portion of the more eastern district

of Rana-lima-pulo. The Indragiri is navigable for small boats
a considerable way above the falls ; but the exact position of
these has not been ascertained. The mountain of most in-

terest in this quarter is that of Berapi, v/hich is constantly
emitting smoke : its elevation was ascertained, by angles taken
from the lake, to be about 1 3,000 feet : it is connected towards
the western coast with the mountain Singalang, estimated at

about 12,000 feet; and to the north and eastward with Gu-
nong Kasumbra, first discovered on this expedition, and cal-

culated to be not less than 15,000 feet above the level of the
sea, being therefore the highest mountain in Sumatra. The
Kampar, which is mentioned in the Portuguese histories as of
some importance, is a river of small size, situated between the

* The lake, to which the natives had given no proper name, has lately
received the denomination of Lake Sophia, in honour of Lady Raffles,
who accompanied Sir T. S. Raffles in his late expedition into this part of
Sumatra.

Siak
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Siak and Iiidragiri ; il has its origin in the easternmost hills

which bound the province of Rana-lima-pulo, and does not

l)enetrate beyond them into the more elevated country of the

" Darat."

As a detailed account of the journey to Menangkabau, and

of the observations made during the course of it, will probably

be given by Dr. Horsfield, who accompanied Sir T. S. Raffles

on that occasion, I shall here only remark generally, that gra-

nite was observed on both sides of the lake ; sometimes pass-

ing into gneiss and micaceous schistus, and at others associated

with marble and limestone, or with sandstone ; that basaltic

and trap rocks were abundant; and that obsidian, lava, and

pumice were observed in the valley of the Tigablas.

The country to the southward of Padang, as far nearly as

Indrapore, is a confused assemblage of hills, which come di-

rectly down to the sea ; and the whole coast is broken into

innumerable bays and islands. Through the greater part of

these the mountain masses of rock are composed of a kind of

trap or amygdaloid, containing, in a cement of a grayish-

brown colour, numerous small fragments or nodules of other

rocks, so firmly united that the fracture takes place through

both indiscriminately, and so hard as often to ring under the

hammer. Padang head is chiefly composed of trap ; it also

furnishes pebbles of chalcedony and large crystals of quartz.

From Indrapore to Bencoolen the range of hills runs nearly

parallel to the coast, leaving a belt of lower, but not level land

between them and the sea, whose action has exposed a long

range of cliffs composed of a stiff dark-red clay. Behind the

first range of hills to the east of Moco Moco lies the country

of Korinchi, in which there is a considerable lake, which was

first visited by Dr. Campbell in 1 800, and by him named

Lake George. It was again visited by the directions of Sir

T. S. Raffles in 1818, and the party proceeded as far as Pen-

kalan Iambi. From the observations then made, it appears

that the lake is much nearer the western coast, and more to

the southward than is laid down by Marsden ; and that a cul-

tivated valley lies to the north of it, watered by a small river,

which descends to the lake from Gunong Api, a high volcanic

mountain constantly smoking, and distant about sixty miles

north-east of Indrapore point. The small lake noticed by

Marsden, which should also have been placed to the north-

ward, was dried up about ten years since, by the effect of an

eartluiuake. Lake George gives out a considerable stream at

its southern end, which, passing through the district of Pen-

kahiii Iambi, becomes one of the principal branches of the

river Iambi.

The
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The countries of Limun and Batang Assii, through which
the two southernmost branches of this river pass, abound in

gold, which has latterly been chiefly exported to Moco Moco,
Bencoolen, and Palembang.
At Bencoolen the line of hills is situated about twenty miles

inland ; and the space between them and the sea exhibits a

succession of riclges and ravines, whose general direction is

parallel to the coast, though frequently altered and broken by
the irregular working of springs and streams. The hills are

principally of the trap formation, and exhibit several varieties

of basalt, whinstone, and much of the same gray amygdaloidal

trap observed in the neighbourhood of Padang. The most
remarkable hill in this quarter is detached from the Barrier

range, and is called Gunong Bungko, or by Europeans the

Sugar-loaf 1 had lately an opportunity of ascending it, and
found it composed almost entirely of irregular masses of basalt

or trap, whose bare sui'faces are frequently exj)osed, rising

from amid the luxuriant vegetation of the declivities. It had
not previously been explored, the shape of the hill rendering

the ascent extremely difficult. Its elevation is less than tOOO
feet; yet towards the top the trees became stunted, the rocks

were clothed with dense moss, and the vegetation assumed a

character decidedly Alpine. In the beds of some of the rivers

near Bencoolen, particularly that of Silebar, are found pebbles

ofjasper and chalcedony, with nodules of indurated clay. Iron

ores occur not unfrequentlj', and in one part of the Bencoolen
river a bed of coal is laid bare by the stream. Very fine spe-

cimens of siliceous petrified wood have also been found in the

hills of the interior.

It was not till 1818 that a journey was accomplished across

the island of Sumatra in any part. In that year a party pro-

ceeded from Bencoolen to Palembang; and the facilities of

communication are now found to be such that, did not politi-

cal obstacles intervene, it would no doubt soon become a fre-

quent channel of intercourse between Bencoolen and the more
eastern parts of the Archipelago.

The Pasummah country, which was first visited by Sir

T. S. Raffles in 1818, is an extensive plain of remarkable fer-

tility, considerably elevated above the sea, as may be inferred

from the temperature, the thermometer being usually as low as

65° at 10 A.M. From this plain rises Gunong Dempo, which
towers above all the mountains of this part of Sumatra, and is

estimated to be no less than 12,000 feet above the level of the

sea. It is almost constantly emitting smoke ; and hot springs

and other volcanic phsenomena are common in its neighbour-

hood. It has been ascended since Sir T. S. Raffles's visit

;

vegetation
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veo-etation was found almost to cease near the summit, and a

large portion of it bore evident marks of a late and violent

eruption. The cold was extreme, and the ascent difficult ; but,

owing to a mistake of the guides, the party did not reach the

present crater. The hills which separate Pasummah from

Mannee, and indeed the whole barrier range from Benccolen

to Cawoor, are composed of basalt or trap : from the plain of

Pasummah I have specimens of quartz abounding with masses

of iron pyrites.

In the interior of the Lampong country is a lake, the posi-

tion of which was not sufficiently determined to enable Mr.

Marsden to lay it down in his map. This lake has been twice

visited within the two last years by the orders of Sir T. S. Raf-

fles : from its neighbourhood are obtained jasper, slate rock,

and trap ; there is a hot spring on one side of it. It gives

origin, near its southern extremity, to a river which, after

passing through the country of Haji, takes the name of Kam-

ring, and falls into the Palembang river a little below the

town.

Tulang Bawang rises in Gunong Ompo, to the southward

of lake Ranau, and has no communication, as was formerly

supposed, with the Palembang.

Amono- the islands which skirt the western coast of Suma-

tra the largest and most important is that of Pulo Nias, which

has hitherto remained almost unknown to Europeans. It is

alxiut seventy miles long by twenty-five broad, and is for the

most part hilly, though none of its mountains are of great ele-

vation. It is very populous, and its soil, which is naturally

rich, is highly cultivated. The most singular circumstance in

its geological structure is the extensive occurrence of calca-

reous masses of coral origin, which are found near the surface

on almost all the hills, lying immediately above the rocky

strata, and to all appearance precisely in their original posi-

tion *. These coral masses are in general so little altered that

their diffijrent species can be determined with certainty, and

even the fragile stems of the Madrepora muricata, and other

branched ki7»ds, may be found no otherwise injured than by

the pressure of the superincumbent soil, and the constant in-

filtration

• The specimens of cor-.il svliich were received from Pulo Niaf, and wliich

were collected from the hills by Dr. Jack, as appears from the labels at-

tached to them, are all rounded masses, evidently water-worn ;
and they

may be divided into two classes. The 1st appears indeed exactly to resemble

recent coral ; the structure of the coral is unaltered, and the cells of the

polypes empty, and consccpientlv the rock is of the usual lightness of coral.

The 'id class consists of a calcareous rock of the ordinary specific gravity

of limestone: in specimens Nos. li),]Or>, and liJ.lOG the rock rt-semblts

some



192 Dr. Jack on the Geology and Topography

filtration of water through it. The species are obviously the

same with those which now abound under the neighbouring

sea, and sometimes the transition from the recent to the fossil

coral is only effected by the gradual rise of the land from the

shore. Large Kima shells (Chama Gigas) are also found on

the hills, exactly as they occur on the present reefs, and are col-

lected by the inhabitants for the purpose of cutting into rings

for the arms and wrists. Every thing seems to indicate that

the surface of the island must at one time have been the bed

of the ocean, and that, by whatever means it attained its pre-

sent elevation, the transition must have been effected with lit-

tle violence or disturbance to the marine productions at the sur-

face. The subjacent rocks are stratified ; among them I found

granular quartz, limestone, and calcareous sandstone *
: to-

wards the southern end I also met with several kinds of lime-

stone, some a coarse yellowish-white stone, and others of a

blueish cast, with small fragments of shells intermixed.

At one place at Tallo Dalam I found strata of a calcareous

rock, laid completely bare, on the crest of a hill, dipping to

the north-east, with an inclination of above 45", and abruptly

broken on the other side into a kind of stair. I have a spe-

cimen of this rockf, which contains fragments of shells and

fossil wood.

The appearance of unchanged and unfossilized masses of

coral on the surface of the hills seems most readily explicable

some of the oolitic beds of Europe; and there are dispersed through it faint

traces of coralline bodies, which probably indicate that it has been origi-

nally derived from corals ; but in general the substance of the coral has

been almost entirely dissolved, and the pores of what remains filled up by

sparry matter. This specimen has the aspect of an ancient rock. An-

other specimen, No. 19,104, exhibits very faint traces of coralline bodies;

but the rock is filled with innumerable irregular canties, which are stained

internally by oxide of iron : the specific gravity of this last is also that usual

to limestone. The rounded shape of the specimens, Nos. 19,104, 19,105,

19,106, leads us to infer tliat they were not procured from a rock in situ,

but were perhaps found lying on the surface, or imbedded in the soil of the

hills : if so, they may be considered as detritus ; and may therefore very

possibly be portions of solid strata existing in the island. The specimen of

recent coral, stated to be found in the hills, is water-worn, and appears to

have been a detached piece. — Note hy the Secretaries.

* It is highly deserving observation, that these rocks, particularly No

.

19,099, have a striking resemblance to parts of the green sand formation in

England, especially to the rock called Kentish rag; and it is also worthy

of remark, that in Sumatra, on the part opposite to Pulo Nias, at Nattal-

hill, a rock occurs exactly corresponding to No. 19,099: this bed, there-

fore, probably extends across the channel that separates Pulo Nias from

Sumatra.

—

Note hy the Secretaries.

\ This specimen, No. 19,103, is probably from one of the lower beds of

the island ; it bears a considerable resemblance in its aspect to one of the

rocks of the oolitic series.

on
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on the supijosition, either of a subsidence of the ocean below
its original level, or a heaving up of the island by a force from
beneath. If we admit the former of these causes, indications
of a similar subsidence ought to be found on the adjacent
coasts : but I am not aware of any such having been observed.
The great inclination of the strata, and the dislocation they
sometimes appear to have suffered, would seem to favour the
latter hypothesis. It must still however be regarded as a phse-
nomenon of a most singular kind, that so large an island, di-
versified with numerous hills from 800 to 3000 feet in height,
should have been heaved up from the sea with so litde dis-
turbance to the fragile marine productions on the surface.

The appearance and nature of these productions would in-
dicate a comparatively recent date to the event.

The other large islands of the chain, Pulo Batu, Mantawi,
and the Poggies, are less known, but are probably not very'

dissimilar in structure to Pulo Nias: they are not nearly so-

populous or so well cultivated ; but the quantity of sago and
cocoa-nuts which they produce sufficiently proves that they
j.re not deficient in fertility and natural resources.

The islands on the eastern side of Sumatra are of two de-
scriptions : those which lie off the mouths of the Siak and In-
dragiri rivers, on the western side of the Straits of Malacca,
are merely alluvial flats; while the islands of Banca, Lingen,
&c., may more properly be considered as belonging to the
Malayan chain, and as a continuation of the I'ange which forms

,

the peninsula of Malacca, being similar to it- in geological
situation, and in their mineral products, the most abundant
and remarkable of which is tin*.

XXXI. On the Structure of the Tarsus in the Tetramerous and
Trimermis Coleoptera of the French Entoinologists. By the'

Rev. W. Kirby, M.A. F.R.S. 4' L.S. ^c.

To the Editor q/'thePhilosophical Magazine and Journal.

Deaf sir,

EpROM the abstract you have given in your last Number, of
•* a paper ofmy friend Mr. W. S. MacLeay's, On the struc-
ture of the tarsus in the tetramerous and trimerous Coleoptera of'
the French entomologists, read at the Linnaean Society, it appears
that he was not aware of its having been long ago discovered

• In the collection of rocks sent by Dr. Jack from Sumatra occurs a
speciriicri, No. 1!),.'{4.J, of soft white chalk, Cicttt scriptoria, containing the
fraKinLiit<)f an echinus. No mention of it is made in the memoir, nor
«as any infornnition contained in the label attached to it, except the loca-
lity, Hencoolen.

—

N«tr hi/ the Sfcrtlmirs.

Vol. 6.5. No. 323. JV/a/r/j IH'^.n. Bb by
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by De Geer that the tarsus of Coccinella, usually regarded as

trimerous, is really tetrameroiis ; for, speaking of the third or

claw-joint, he says :
" Cette partie qui a une articulation pres

de son origine," &c. ; and this accessary joint he has also

figured*. Mr. Spence, in a letter tome dated July 13, 1809,

observes that Miiller had discovered this joint in that genus

;

and further remarks, " But on examining the Lepturce^ Ceram-

hyces, and Chrysomela teiiebricosa, I find (what had escaped

Miiller) that the claw-joint of these also has a similar minute

joint at the base ; so that if this be allowed to be a true joint,

these have in trnxh Jive-jointed tarsi." Mr. Spence, however,

did not regard this as a true joint, or one having separate mo-
tion. Upon receiving this intimation I made a pretty general

examination of tetramerous beetles, and found that the Chry-

somelce of Linne in general have this joint, as likewise Curcu-

lio L., and others ; I discovei'ed also that it is a true joint,

moved by muscles of its own. In consequence the following

passage will be found in the third volume of the Introduction

to Entomology, some time printed.

" Pentamerous insects are those which havej'fo^ joints in all

their tarsi. This is the most universal, and may be called the

natural number of these joints f."

" Tetramerous insects are those in which all the tarsi con-

sist o^four joints ; these in the Coleoptera are next in number
to the pentamerous—indeed a very large proportion of them,

strictly speaking, ai-e really of the latter description, since in

Linne's four great genera, Curculio, Cerambyx, Chrysomela, and

Cassida, and some others, the clWiSO-joint {U?igida) consists of

two articulations, one very short, forming merely the ball at its

base J, which uiosculates in the socket of the preceding joint,

and the other constituting the remainder: if you carefully se-

parate these two pieces, you will find that the last inosculates

in the summit of the ball, and is moved by appropriate mus-

cles §. This structure probably permits the readier elevation

and depression of this joint ||."

Mr. MacLeay is too candid, I am sure, to feel any objec-

tion to your following the old adage, suwn cuique, on this oc-

casion, and giving a place in your valuable Magazine to these

remarks.
I am, dear sir, yours, &c.

Earham, Wm. KirBY.
March 15, 1825.

* De Geer. v. 364. t. xi. f. 6. h. f Introduction to Entomology, iii. 683.

% Introd. to Ent. iii. Plate xxvi. fig. 47, 48. d*. § Ibid. fig. 49. s a.

II
Ibid. 684.

XXXII. On
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XXXII. On the Use ofAnalysis in i?ivestigating theElementary
Relations ofFigure and Forces. By A Correspondent.

To the Editor ofthe Philosophical Magazine and Journal.

Sir,

¥ N a former short paper I pointed out a method by which
" some objections to Legendre's mode of evolving the pro-

perties of figure from functional equations might be obviated

;

and I resume the subject in the hope of clearing away certain

misrepresentations, by means of which a sect of our philoso-

phers have sought to bring the principles of such methods
of inquiry into discredit. There is amongst one class of sci-

entific men in this country a violent prejudice against the use
of analysis, either in the elements ofgeometry or of mechanics.
They regard it, not as the mere substitution of one mode of
reasoning for another, but as a dangerous attempt to remove
from the view the experiments upon which these sciences are

built, and to revive the justly exploded philosophy of Leibnitz
and his immediate successors. I will not stop to speculate re-

specting the secret biases on which this prejudice rests, al-

though such speculation might be productive of some amuse-
ment, but hasten to examine the character of its ostensible

foundation. It may be found now and then appearing in the

Edinburgh Review*, in the shape of invective against the ge-

neralizations, &c. of the continental mathematicians : but it is

preferable to apply at once to the fountain head, and to seek

an official indication of it in the works of the great leader of

this sect, Professor Leslie. From them the spirit will be ob-

tained in its wildest and most unrectified state, and the ex-

emplifications of it are as numerous as it is wild.

The following three sentences of the concluding paragraph

of his note respecting Legendre will amply serve my purpose.
" In this abstruse research assumptions are still disguised

and mixed up with the progress of induction. Such indeed

must be the case with every kind of reasoning on mathemati-

cal or physical objects which proceeds a priori^ without ap-

pealing at least in the first instance to external observation.

Of this kind are some of those ingenious analytical investiga-

tions respecting the laws of motion and the composition of

forces." With the second sentence of this extract I conceive

that every philosophic mind will now-a-days concur. There
cannot be evolved from any train of reasoning one single

truth which was not previously infused into it. Reasoning

• See, amongst other places, the notice of a memoir nf l.aplace's in the

econd volume of the Memoiret lie la Sociele (PAi-ctu-U. I might also have
referred to »om'; papers in the Supplement to the Eurycl. Britannica.

B b 2 merelv
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merely changes the forms of the conceptions on which it ope-

rates, or combines a number into one general expression. But

the question is, with respect to the applicability of such re-

marks to the subject on which Mr. Leslie had just been com-

menting. Does Legendre proceed a priori, or attempt to de-

duce the primary properties of extension 'without appealing in

the Jirst instance to external observation ? I certainly think

not; and it will not be difficult to show cause for my opinion.

—Whence, I would ask, is his fundamental equation de-

rived, if not from superposition or experiment ? and what more

is necessary than this single appeal, to give the object he con-

templates its complete definition? The thirty-second Prop, of

Euclid is immediately traceable to the fourth and to the twelfth

axiom, Legendre involves the axiom, and derives his equa-

tion from an equivalent to the fourth ; and there is thus no

constitutio)ial difference betwixt the processes of the geometer

and the analyst. But it will be further evident if we view

the subject in its most elevated light.

A triangle analytically considered, is merely one of a class

of functional equations which repi'esent a relation betwixt six

quantities, three of which are heterogeneous to the other three;

or it is a particular case of the equation

a = ^{b, c, A, B, C, y)

Now there will always be a limit to the number of possible

ways in which such a set of quantities can be connected to-

gethei*. This limit is fixed in geometry, for each particular

case, by what Euclid terms definitions. It is fixed by the vi-

sible Jigiire, whose existence the definition declares jiossible ;

and the continued use of this figure prevents the reasoner from

falling into the supposition of impossible combinations. The
same limit is fixed in analysis, with the utmost generality, by the

rationalform which the foregoing equation necessarily assumes.

The use of visible figure, then, and the operation of the law

ofhomogeneity are identical in this respect, and we shall quickly

recognize the entire sameness of the other parts of the pro-

cesses. The analyst and the geometer are at this point in

precisely similar states. The geometer, in assenting to his de-

finition, has assented to the possibility of the existence of re-

lations betwixt certain quantities ; and the analyst, in writing

the foregoing equation, has done the same thing. But the

great inquiry into the nature of these relations, in each case, is

now before them. The geometer has to translate into the

language of intellect the visible figure under his contempla-
tion;
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tion ; or, to speak in plainer terms, he has to ascertain some fa^t

or property containing the complete definition of tlie rela-

tions he has recognised : and the analyst has to search for cir-

cumstances which may lead him to the determination of if. In

the former case the definition must be obtained in the only

manner in which the character of the visible world can be

made known to intellect, viz. by experiment : and since f is

merely the symbolic representation of a figure, nothing de-

finitive of it can be primarily obtained, excepting from that

figure, and consequently fiom experiment also. From the

circumstance that the equation determining <p must be one

with six values, the analj'st knows that at least three of the

quantities included in <^ must exist co-indeterminately—super-

position informs him that ordy three can exist in such a state

:

and this, in union with his experimental knowledge of the

abstract quantities a, b, c, A, B, C, is sufficient to guide him in

his varied transformations and final evaluation of 'p. Such
then are the two methods, agreeing most scrupulously in the

minutest circumstance affecting the principles on which they

rest, and differing* only in the different artifices by which

they particularize, transform, and combine the experimental

facts. If the prejudice to which I have alluded had not ope-

rated more forcibly than any prejudice should operate within

the cold and calm regions of science, this nice philosophical

agreement had never been overlooked, and the invidious and

unfounded distinction never drawn.

In reverting to the extract from Leslie's Geometry, I give

immediate assent to the remark respecting the famous analyses

of the laws of motion by Euler, D'Alembert, &c. They are

essentially unphilosophical and fallacious. But I am not dis-

posed either to extend the same agreement to the remark re-

lative to the composition of forces, or to recognise the p/iiloso-

phical accuracy of the investigation which the learned Pro-

fessor has himself given of it. It is remarked somewhere by
D'Alembert, that the more abstract an investigation is made,

the more perspicuous and satisfactory does it become. How-
ever paradoxical this may appear, it is nevertheless true. The
nearer that any investigation approaches to an abstracted in-

• The only distinction that can be drawn a priori betwixt the two me-

thods respects the comparative facility of the analytical. The geometer

as he proceeds has to invent his logic or his methods of transformation
;

whereas the analyst has merely to apply the same treatment which he has

been accustomed to give to similar cases. Perha[)S too the course of par-

ticularizing a more general functional equation than I adopted above would
lead to a scientific arrangement of the objects of geometry. The present

arrangement resembles the artificial classiiications of natural history.

tellectual
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tellectual process, the less must be the chance of error. The
use of experiment is merely to completely define the objects of

contemplation. When the relation termed a triangle, for in-

stance, is once defined by experiment, the evolution of its dif-

ferent forms is accomplished by reasoning alone, and it would
be next to ludicrous were an editor of the Eletnents to offer ex-

perimental proofs of them. The experimental principles of

every department of science should be reduced to the Jewest

possible; and the processes that furnished them ought not to

be again introduced (excepting tor mere verification), until the

occurrence of some physical action ?iot already involved by
them. Does the composition of forces then involve any phy-

sical pliaenomenon not included amongst those susceptibilities

of matter already defined by the laws of motion F The simul-

taneous action is quite analysable, and its analysis will in-

stantly answer the question. One ofthe forces may be supposed

to have already acted upon the body, and set it in motion.

At a point in its course it is affected by the other force. Now
this second force may be conceived decomposed into two others,

one of which acts equally and oppositely to the force which

has impressed the motion. At the instant of this action, then,

the first force will be annihilated, and the body will be con-

strained by a new force acting upon it in another direction.

The physical phaenomenon of the joint action thus involves

nothing new. The body merely loses one tendency to motion

and receives another; and the determination of the resultant

should be obtained by contemplating the physical truths «/-

ready known. That it does follow from a combination of them
will instantly appear. Let two equal forces x act upon a

point M, making an angle 2 fl. The inertia of matter deter-

mines that the resultant z shall bisect the angle. Here

2 =
<J)

(jr, 9, y)

which is converted by the law of homogeneity into

* z _ f

X ~ y

or conceiving 9 the ratio

z = X . (^ 6

but z, and consequently f 9 become when, and only when

* This transformation is accomplished in the same manner by Poisson

.

It is a blemish in Francoeur's little treatise, that he has chosen to deduce

it otherwise, and more circuitously, Laplace's investigation is very diffe-

rent from either Poisson's or Francoeur's. The English student who can-

not refer to the first section of the Mechanique may find it in Dr. Thomas
Young's Illustrations, &c.
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— 4-
'^'''

~ — "2"

— -if —— — 2

_ (2ra + 1 )ir

" — 2

These indicate the factors of the cosine : hence

<J>
fl = a cos fl

and z = a jT cos fl

Again, when 6 = z = 2 x

Hence finally z = 2 x . cos 9

It will be seen that this is the immediate result of the com-
bination of the elementary ideas contained in the laws of mo-
tion. I am aware that it is the practice to preface the de-
monstration of this theorem with a set o(physical axioms : but

if the inertia of matter has previously been stated in its pro-

per extent, the necessity of this is avoided. The investigation

1 have now given differs somewhat from those in celebrity.

It differs from them probably in possessing superior simplicity,

but in principle it is essentially the same. Poisson in disco-

vering the equation f jr. (px = ip (jt — 2;) + 4> {^ + z) and in

the evaluation of a, and Laplace in rejecting the forces —
and -^, and in evaluing k and g, involve all the physical ideas

which I have now combined. The theorem of the composi-

tion of forces bears to these experimental facts precisely the

same relation that the principle of gravitation bears to Kepler's

empirical laws—they are both merely condensed expressions.

Although I consider that Professor Leslie has in both these

questions been misled by an unaccountable dislike with which
he seems to regard the approaches of analysis, and that in

the latter question this dislike has drawn from him an inade-

quate exhibition of an important elementary truth, I cannot

go along with Dis-Iota in the full extent of his censure. I

cannot allow that Mr. Leslie has not been eminently success-

ful in illustrating many elementary subjects ; and were proof
wanting, I would simply refer to his neat, or rather elegant

exposition of the physical characters of fluids in the volume
which has drawn forth a portion of these remarks. In this

paper I have used those liberties with his name to the use of
which an anonymous writer is entitled ; but I have not laid

aside
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aside the feeling of respect. His name is coupled in my mind
with that of Laplace when I think of capillar}' attraction. He
has many other honours, and I am happy to know that he will

soon have more. Professor Leslie is too far above an anony-

mous writer to be affected either by his praise or blame, but

for that very reason I deem his errors dangerous. Now-a-days

every great mind is bent on extending the boundaries of sci-

ence. The questions and disputes of philosophy that sur-

round its entrance are disregarded; and error, when recom-

mended by authority, is apt to be received by the multitude

without due examination. In such a state of things the con-

tributions of a humble individual may not be unacceptable.

March 19, 1825. 2.

XXXIIL Method of extracting Titaimim from Minei'ah, and

ofseparating it completelyfrom the Substances with which it

is found combined. By M. Peschier.

VyHEN I made known in 1821 and 1822 the results of
'* my analytical researches on the micas [Journal de

Physique), and communicated in the following year to M. Vau-
quelin those which I had obtained from the talcs, I could not

suppose that the process which I had followed was not exact,

and that the proportions of titanium which I had stated were
exaggerated; for the pro)ierties analogous to those of silica,

alumina, magnesia, and lime, which this principle possesses,

were not known to me: these earths also have sometimes
been looked upon as pure when it was found united with

them, and at other times that which was believed to be pure
titanium was a mixture of titanium and of one or the other of

these earths.

But liaving since discoA'ered these different properties arid"

the means of separating these principles with exactness, I oc- ~

cupied myself in rectifying several of my analyses. L commu-
nicated some of them this spring to our Society of Natural

Philosophy and Natural History, and should not have made
them known prior to the publication of the work on titanium

with which Lam occupied, if the note of M. Vauquelin on the

presence of titanium in micas, inserted in the September Num-
ber of the Annates de Chimie et de Physique, p. 67, had not
obliged me to anticipate this period ; for, in discovering tita-

nium in all the micas, this pliilosopher informs us that those

•which contain the greatest quantity of it did not yield him a '

hundredth part.

I shall first describe the order of the processes to be fol-

* From Ai'malei de Chimie, vol. xxvii. p. iiSl.

lowed
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lowed in the analysis of a mineral with a base of titanium, and
then relate some of the important results with which it has

furnished me.

1. I treat the porpiiyrised mineral with two parts of potash:

withdrawing the vessel from the fire when the mass is at a

white heat, I mix the product in water, throw it on a filtre, and

wash the insoluble residuum till the liquid no longer acts on

test paper. To separate from the washings the small portion

of titanium which is dissolved with the silica, I slightly super-

saturate them, evaporate them to a humid saline consistence

iji a porcelain vessel, moisten the saline product in water, and

receive it on a filtre, where the silica becomes deposited

;

then, after having washed and dried it, I expose it to the ac-

tion of diluted oxalic or hydrochloric acid, to separate from

it the titanium or any other substance which might be depo-

sited with it. I next add the liquid from which I have se-

parated the silica to the acid solution with which it had been

acted upon ; I treat them with the infusion of galls, render

them slightly alkaline, concentrate them ; and if tliey take the

red-brown colour which characterizes titanium, I put them by,

to examine at the end of the operations.

2. I submit the insoluble residuum in the potash to the ac-

tion of hydrochloric acid, diluted with six or eight parts of

water, with the aid of boiling: if a greater quantity -of inso-

luble substance remains than would be expected, I treat it a

second time with potash, and pursue with it the operations

above stated. I then saturate the acid solutions with an alka-

line subcarbonate ; and after having separated the precipitate

from it, I evaporate the liquid to a moist saline consistence,

proceed widi the deposit which may be formed there by the

solution of the product in water, as with that of § 1 ; and finding

the action of the infusion of galls on the washings as has been

mentioned, I add them to the former solutions of the same na-

ture, if it indicates the presence of titanium.

3. I expose the precipitate formed in the acid solution to

the action of potash ; and us the titanium dissolves wholly or

in part with die alumine, and the hydrochlorate of ammonia,

in leaving a portion of dissolved titanium, precipitates a great

part of it with the alumine,—to avoid this cause of error, which

was formerly unknown, I use in its place sulphate of ammonia,

in which I have discovered the property of precipitating the

alumine only; and when I have received and washed this

earth on a filtre, I evaporate the liquids to a humid saline

consistence ; I separate, by solution of the product in water,

some little of die silica which was dissolved in it ; I throw some

Vol. 65. No. 323. March 182.5. C c infusion
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infusion of galls on the washings, and mix them with the two

before mentioned.

4. The titanium not dissolving so easily in the potash as

the alumina every time they meet, the insoluble residuum pre-

serves a gelatinous character ; and in order to separate it from

the substances with which it is mixed, this residmim is dissolved

in hydrochloric acid, by which treatment some portions of si-

lica are also separated : the iron of this solution is precipitated

by the hydrocyanate of potash and of iron; the liquid is then

saturated with an alkaline subcarbonate, and it is carried to

ebullition. The precipitate which becomes formed is white,

bulky, and has the aspect of alumina : as it may consist of

a mixtui'e of titanium, magnesia, and lime, the first is ren-

dered insoluble in acids by being strongly heated, and the

earths are dissolved by digestion for some hours in a weak
acid—say distilled vinegar. The insoluble parts are separated

by a filtre ; the liquid is treated with ammonia, in order to re-

move the magnesia, with oxalate of ammonia for the lime:

and we know that the operation has been well conducted, if it

does not afterwards undei'go any change with the infusion of

galls. To the liquids which have been put aside is then also

added that from which the iron and other substances have

been separated.

5. Lastly, as titanium forms double salts with all acids, and

as the tannate of titanium is easily re-dissolved by the infusion

of galls, we next obtain that which by these two causes al-

ways escapes analysis, by evaporating to dryness all the li-

quids which have been put aside, igniting the residuum, dis-

solving in water the resulting saline mass, throwing the solu-

tion on a filtre, washing the insoluble parts, heating them to

redness in order to desti'oy the carbonaceous matter, and
washing afresh in acidulated water the white powder they

give, which is the titanium sought for. If it is found to be
coloured by iron or manganese, it is easily rendered pure by
digestion in nitronna-iatic acid, after having exposed it to a

very strong heat. By repeating this series of operations twice

upon the washings, and adding each time some infusion of

galls, all the titanium contained in the mineral under exami-

nation is extracted. I may state by the way, that considering

its property of forming double salts, I have always separated

several grains from the salts obtained in the examination of the

alkaline principle in minerals of this kind ; that its presence is

known hy the spongy state that the hydrochlorates of potash

or of soda take, which, thoroughly deprived of ammonia and
Btrongly ignited, do not enter into fusion ; and that several so-

lutions,
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lutions, evaporations, and exposures to a very strong heat, are
necessary to effect this purpose completely.

Such is the series of minute operations which I found it

indispensable to follow in the analysis of minerals with a base
of titanium (of which the number is much greater than is

commonly supposed), and by the aid of which the black fo-

liated mica of Siberia—which, according to Klaproth, is com-
posed of silica 42-50, alumina \\'50, magnesia 9, oxide of
iron 22, manganese 2, potash 10, loss by ignition 1 ; total 98
—has furnished me silica 24, alumina 8*50, magnesia 5, per-
oxide of iron 30, manganese 0'70, titaniiun 21, potash 5*70,

loss by ignition 2'75 ; total 97"65. The talcs, the chlorites,

and the steatites gave me, by following the same process,
from 0-19 to 0-30 of a substance which, like that I have
designated by the name of titanium in mica, forms also, like

the titanium extracted from rutile, a gelatinous mass, trans-

parent and yellowish, by the evaporation at a moderate heat
of its solution in the hydrochloric acid ; furnishes like that, by
the saturation of its solution in an acid, a white, gelatinous and
very bulky precipitate ; by the infusion of galls a yellowish

precipitate, which augments by a slight supersaturation of the

acid ; becomes brown, and is in great measure dissolved by
the addition of the re-agent, giving to the liquid the colour of
blood; is soluble in the pure alkalies; forms double salts

with all the acids ; becomes insoluble in acids by the effect of
a strong heat, and consequently possesses all the characters

of titanium, with the difference only that with the infusion of
galls it does not furnish an abundant orange-red precipitate,

and does not always take a lemon-coloured tint by heat : but
these anomalies, which appear to me of little importance, may
be classed with many others which this substance presents.

Such are the reasons which have induced me to communi-
cate this process. But as I am fully sensible of the force of an
opinion given by a philosopher of M. Vauquelin's merit, I

submit it to the experience of chemists more used to this

species of research than I am, and shall gratefully receive any
information on the subject that may be transmitted to me.

XXXIV. Additional Experiments and Observations on the Ap-
plication of Electrical Combinations to the Preservation of
the Copper Sheathing of Ships, and to other Purposes. By
Sir Humphry Daw, 'liarf. P. U.S.*

¥ HAVE already had the honour of cojnmunicating to the
-* Royal Society tlic results of my first researches on the

- IVoin the Pliil. Trans, for 1R24, Part II. Read June 17, 18:34.

(
' c 2 modes
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modes of preventing the chemical action of fluid menstrua,

such as saHne solutions, or sea-water containing air, on cop-

per, by the contact of more oxidable metals*.

For some months I have been engaged in a series of new
experiments on this subject, so important to the navigation

and commerce of the country : and through the liberal and

enlightened views of Loi-d Melville and the Lords of the Ad-
miralty, who desired the Commissioners of the Navy Board

and of the Dock-yards to give me every assistance in their

power, and all the facilities which our magnificent naval es-

tablishments at Chatham and Portsmouth furnish, I have

been enabled to conduct my operations upon a very large

scale.

At this advanced period of the session, it will be impossible

for me to give more than a very short notice of experiments

which have been tried under a great variety of circumstances,

and the details of which would occupy some hours in reading

;

but I cannot deprive myself of the pleasure of stating the sa-

tisfactory and conclusive nature of the results, many of which

have even surpassed my expectations.

Sheets of copper, defended by from ;j'(jth to
yxj'ou^h part of

their surface by zinc, malleable and cast iron, have been ex-

posed, for many weeks, in the flow of the tide in Portsmouth

harbour, and their weights ascertained before and after the ex-

periment. Where the metallic protector was from -^^ to yy^,
there was no corrosion nor decay ofthe copper. With smaller

quantities, such as from ^^^tOyi^, the copper underwent a loss

of weight, which was greater in proportion as the protector

was smaller : and as a proof of the universality of the princi-

ple, it was found that even joVn^^ P^*^^ ^^ ^^^^ ^^^^ saved a cer-

tain proportion of the copper.

The sheeting of boats and ships protected by the contact

of zinc, cast and malleable iron in different proportions, com-
pared with those of similar boats and sides of ships unpro-

tected, exhibited bright surfaces, whilst the unprotected copper

imderwent rapid corrosion, becoming first I'ed, then green,

and losing a part of its substance in scales.

Fortunately, in the course of these experiments, it has been

proved that cast iron, the substance which is cheapest and
most easily procured, is likewise most fitted for the protec-

tion of the copper. It lasts longer than malleable iron or

zinc; and the plumbaginous substance which is left by the

action of sea-water upon it retains the original form of the

iron, and does not impede the electrical action of the remain-

ing metal.

* Phil. Trans. 1824, Part I. or Phil. Mag. vol. Ixiv. p. 30.

1 had
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I had anticipated the deposition of alkaline substance in cer-

tain cases upon the negatively electrical copper. This haiS

actually happened. Some sheets of copper that have been
exposed nearly four months to the action of sea-water, de-
fended by from ^^th to J^th of their surface of zinc and iron,

have become coated with a white matter, which on analysis has

proved to be principally carbonated lime and carbonate and
hydrate of magnesia. The same thing has occurred with two
harbour boats, one of which was defended by a band of zinc,

the other by a band of iron, equal to about ^'jth of the surface

of the copper.

These sheets and boats remained perfectly clean for many
weeks, as long as the metallic surface of the copper was ex-

posed ; but lately, since it has become coated with carbonate

of lime and magnesia, weeds have adhered to these coatings,

and insects collected on them : but on the sheets of copper

defended by quantities of cast iron and zinc, bearing a pro-

portion below jjo th, the electrical power of the copper being

less negative, more neutralized, and nearly in equilibria with

that of the menstruum, no such effects of deposition of alkaline

matter or adherence ofweeds have taken place; and the surface,

though it has undergone a slight degree of solution, has re-

mained perfectly clean ; a circumstance of great importance,

as it points out the limits of protection, and makes the appli-

cation of a very small quantity of the oxidable metal more ad-

vantageous in fact than that of a larger one.

The wear of cast iron is not so rapid but that a mass of

two or three inches in thickness will last for some years ; at

least the consumption in experiments which have been going

on for nearly four months does not indicate a higher ratio.

This must, howevei", depend on the relation of its mass to

that of the copper, and upon other circumstances not yet as-

certained (such as temperature, the relative saltness of the sea,

and perhaps the rapidity of the motion of the ship) ; circum-

stances in relation to which I am about to make decisive ex-

periments.

Many singular facts have occurred in the course of these

researches. I shall mention some of them that I have con-

firmed by repeated experiments, and which have connexions

with general science. Weak solutions of salt act strongly

upon copper ; strong ones, as brine, do not affect it ; and the

reason seems to be that they contain little or no atmospheric air,

the oxygen of which seems necessary to give the electro-posi-

tive principle of change to menstrua of this class.

I had anticipated the result of this experiment, and upon
the same principle of some others.

Alkaline
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Alkaline solutions, for instance, impede or prevent the ac-

tion of sea-water on copper, having in themselves the positive

electrical energy which renders the copper negative. Lime-

water even, in this way renders null the power of action of

copper on sea-water*.

The tendency of electrical and chemical action being always

to jM-oduce an equilibrium in the electrical powers, the agency

of all combinations formed of metals and fluids is to occasion

decomposition, in such an order that alkaline, metallic, and

inflammable matters are determined to the negative part of

the combination ; and chlorine, iodine, oxygen, and acid

matters to the positive part. I have shown in the Bakerian

lecture for 1806, that this law holds good in the Voltaic bat-

tery. The same- law applies to these feebler combinations.

If copper in contact with cast iron be placed in a vessel half

full of sea-water, and having its surface partially above that

of the water, it will become coated with carbonate of lime,

carbonate of magnesia, and carbonate of soda ; and the car-

bonate of soda will gradually accumulate till the whole sur-

face in the air is covered with its crystals :—and if the iron is

in one vessel, and the copper forming an arc with it in another,

and a third vessel of sea-water in electrical connexion by as-

bestos or cotton is intermediate, the water in this intermediate

vessel continually becomes less saline ; and undoubtedly, by a

continuance of the process, might be rendered fresh.

I shall not take up the time of the society by referring to

some obvious practical applications of these researches to the

preservation of finely divided astronomical instruments of brass

by iron, of instruments of steel by iron or zinc : my friend

Mr. Pepys has already ingeniously taken advantage of this

last circumstance, in inclosing finely cutting instruments in

handles or cases lined with zinc, and many other such appli-

cations will occur. I cannot conclude without mentioning

particularly my obligations to Sir Byam Martin, the Comp-
troller, and Sir Robert Seppings, the Surveyor of the Navy,
for the interest they have taken and the zeal they have shown
in promoting these researches; and without stating how much
I owe to the care, attention, and accuracy of Mr, Nolloth,

master shipwright, and Mr. Goodrich, mechanist in the Dock-
yard at Portsmouth, in superintending the execution of many
of the experiments.

• I am at present engaged in applying this principle to experiments on
the preservation of animal and vegetable substances.

XXXV.
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XXXV. Observations on the Application of Machineiy to the
Computation of Mathematical Tables. By Charles Bab-
BAGE, Esq. F.R.S., 4-c. S,T*

S^INCE I had the honour of communicating to the Astro-
*^ nomical Society a short account of an arithmetical engine
for the calculation of tables, which has been examined by se-
veral of the members of this society, I have not added much
to the practical part of the subject. I have however paid some
attention to the improvements of which the machinery is sus-
ceptible, and which will, if another engine is made, be greatly
improved.

The theoretical inquiries to which it has conducted me are
however of a singular nature ; and I shall take this opportu-
nity of briefly explaining to the society some of the principles
on which they depend, as far as the nature of the subject will

permit me to do this without the introduction of too many
algebraic operations, which are rarely intelligible when read
to a large assembly.

Of the variety of tables which are required in the present
state of science, by far the larger portion are intimately con-
nected with that department of it which it is the peculiar ob-
ject of this society to promote.

The importance of astronomical science, whether viewed as
the proudest triumph of intellectual power, or considered as
the most valuable present of abstract science to the comfort
and happiness of mankind, equally claims for it the first as-
sistance from any new method for condensing the processes of
reasoning or abridging the labour of calculation. Astronomi-
cal tables were therefore the first objects on which I turned
my attention, when attempting to improve the power of the
engine, as they had formed the first motive for constructing it.

1 have already stated to the society, in my former commu-
nication, that the first engine I had constructed was solely

destined to compute tables having constant differences. From
this circumstance it will be apparent that after a certain num-
ber of terms of a table are computed, unless, as rarely hajv
pens, it has a constant order of difterences, we must stop the
engine and place in it other numbers, in order to produce the
next })ortion of the table. This operation must be rejieated

more or less frequently according to the nature of the table.

Tlie more numerous the order of diflerences, the less frequent
will this operation become requisite. The chance of error in

sucli computations arises from incorrect numbers being placed
ill the engine: it therefore becomes desirable to limit this

• I'roiii tlie Mfinoir* of tlie Autiononiical Society, Part II. vol. i. p. 31 1.

chance
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chance as much as possible. In examining the analytical

theory of the various differences of the sine of an arc, I no-

ticed the property which it possesses of having any of its even

orders of differences equal to the sine of the same arc increased

by some multiple of its increment multiplied by a constant

quantity. With the aid of this principle an engine might be

formed which would require but little attendance, and I be-

lieve that it might in some cases compute a table of the form

A sin d from the 1st value of 6= up to 6= 90° with only one

set of figures being placed in it.

It is scarcely necessary to observe what an immense number
of astronomical tables are comprised under this form, nor the

great accuracy which must result from having reduced to so

few a number the preliminary computations which are requisite.

In pursumg hito its detail the principle to which I have al-

luded, which lends itself so happily to numerical application,

I have traced its application to other species of tables, and am
enabled to point out a course of analytical investigation which

will in all probability afford ready methods for constructing

tables, even of the most complicated transcendent, in a man-
ner equally easy.

I will now advert to another circumstance, which, although

not immediately connected with asti'onomical tables, resulted

from an examination of the engine by which they can be

formed.

On considering the arrangement of its parts, I observed

that a different mode of connecting them would produce ta-

bles of a new species altogether different from any with which

I was acquainted. I therefore computed with my pen a small

table such as would have been formed by the engine bad it

existed in this new shape, and I was much surprised at dis-

covering that no analytical method was yet known for deter-

minins its ?ith tei-m. The following is the first series I wrote

down :

Series. Diff. Series. Diff.

10 ... 222 42 20 . . . 924 8f5

264 46 1010 86
.310 46 1096 92
356 52 25 . , . 1188 100

15 . . . 408 60 1288 108
468 68 1396 114
536 74 1510 114
610 74 1624 118
684 78 30 . . . 1742 120

20 . . . 762 80 1862 122

u . . io» iu 842 82 1984

The equation of finite differences from which it is produced
A*M = units fig. of « , ,

which
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One of the general questions to which these researches give

rise is, supposing the law of any series to be known, to find

what figure will occur in the /tth place of the nth term. That

the mere consideration of a mechanical engine should have

suggested these inquiries is of itself sufficiently remarkable

;

but it is still more singular, that amongst researches of so very

abstract a nature I should have met with and overcome a dif-

ficulty which had presented itself in the form of an equation

of differences, and which had impeded my progress several

years since in attempting the solution of a problem connected

with the game of chess.

XXXVI. Notices respecting Nexv Books.

Appendix to Euclid's Elements : containing original Proposi-

tions in Geometry, designed for the yotcng Student as Exer-

cises under the various Propositions in Euclid's Elements

and Data. By I. Newton : printed for the Author by
N. Walker, Wisbech, 1825.

"DESPECTING the merit of Euclid's production we have
-*•*- had many different opinions :—some considering it de-

fective in definition, arrangement and demonstration; while

others contend that it forms the most perfect code of elemen-

tary instruction that has ever appeared ; and were we allowed

to give our opinion on the subject, we should say with the lat-

ter, that the work has no equal.—But although Euclid has done
much as an elementary writer, he has not done all ; a wide
field is open for others to traverse, and accordingly we find

that in this as well as in the last age, geometers have attempted

both to enlarge and improve the labours of the Grecian sage.

Among these we again find the name of Isaac Newton. This
gentleman has for some time been a respectable contributor to

the different periodical publications of the day. The number
of valuable and curious questions he has proposed, and the

neat and elegant solutions he has given, indicate how well his

mind is fitted for those studies which one of his name (whose
stupendous imagination comprehended the world) pursued
with the most splendid success.

The publication of Mr. Newton professes to be an Appen-
dix to Euclid's Elements. The author in his preface judiciously

remarks, that in order to become a geometer, it is not enough
merely to read the writings of the illustrious Greek; some-
thing more is wanted to rouse the curiosity of the student and
stimulate him to active exertion. For this purpose Mr. New-
ton has drawn up a series of choice propositions, and arranged

them
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them so as to form valuable exercises under the correspondent

propositions in the Elements. The execution of this l.tde work

meets our approbation, and we hope "^^^h good will be de-

rived from its perusal. We regret, however, to find that Mr. V
in framing some of the theorems does not exP^'e^^l";f ^ "

definite lan'^aage—Take for example, prop. U, book l.t. In

one of tl e .ddes^of a given triangle, to find a point that shall be

Zid tant from two^given points in the base." We confess ha^

under the present fonn of the proposition we do not see how

this is to hi done, that is, generally ; and we tear that many of

Mr Newton's readers wilt find themselves similarly situatecl

W; have however no doubt but Mr. Newton thought, although

he has not written, mathematically; and to show hn« how we

are puzzled by his Proposition, we shall take a particular ex-

ample of our own ; and we expect that our failure m attemp -

ing to solve it will induce Mr. Newton to remove this and si-

milar defects in the next edition.
„. 04 vnrd^

Suppose the two sides of a triangle to be the one 24- yards,

the o her 27, and the base 30. Now let the given pomts in

the base be, he one distant from one extremity 10 j-ards, and

the other 05, making an interval between the pomts of 1 5 yards.

Fincra'p^int in "the shorter side that shall be equidistant

from both the given points.

The propositions in the Data are possessed ot considerab e

merit; and those entided "promiscuous" cannot tail to be highly

usefu to such as can find time and have a taste for geometry

cal nursuits. The practical examples under the head Tr.go^

nonictiV' ?mm an^cquisition to the work of no sniall conse-

quence and their being accompanied by die table ot sines and

ZZl. required in the solution, puts it in the reader s power

actuallv to determine what is reqau'ed.

We cannot conclude, without again expressing our high

approbation of this little perti)rmance ttiken as a whole, and

earnestly recommend it to every ge(,metncal student as a col-

lection of valuable exercises. ^ • ^ •

A Letter to the Editors' of the IVnlasophiccd Magazine and

M Zl, upon the Correspondence bet..een N.r James Edwaud

Zvyn and Mr. LiND.cv, M^ has
^^ffYJ^'^'td^

that Journal. Bjj John Lindi.ky, Esq. l.LS. ^c. Uidg

^ I'ni'frli. this pamphlet, addressed to ourselves, that

its mnc' ranee has beJn occasioned by our havmg deeded

gai ^^X"her continuation m our Journal of the conU^v^^^^

sv alluded to, in declining to insert a second reply from Mr

ZinXy ; which he has now the^reibre published in a sej^rate
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form, together with the correspondence ah-eady printed in the

Philosophical Magazine, and accompanied by some animad-

versions on the soundness ofourjudgement in the performance

of our editorial duty in the present case.

The Editors of this Journal have moi'e than once had oc-

casion to deprecate the uncourteous style and acrimonious

feeling too often, and most unnecessarily, introduced into sci-

entific controversy ; and in several instances they have, as in

the present case, judged it right to refuse to allow those pages

tobe occupied with angry personalities, which should be devoted

to the advancement of knowledge. The present Editor is fully

disposed to pursue the same course, as most agreeable to him-

self and most advantageous to the cause of science.

In the present instance the Editor must rest his justification

entirely on the tone and temper of Mr. Lindley's letters : he

is quite at a loss to find anything in the first letter of Sir

J. E. Smith that could call for the style which Mr.Lindley has

unfortunately adopted, and against which, with the most friendly

feelings towards that gentleman, he thought it right to protest.

The first letter of Sir J. E. Smith, instead of being intended as

an attack on Mr. Lindley, originated, as the Editor is fully

persuaded, in die kindness of the writer towards himself, and

a wish to assist the Philosophical Magazine by an occasional

contribution.

Mr. Lindley alleges that he has only " imitated the contro-

versial manner peculiar to Sir J. E. Smith" ! Here the Editor is

completely at issue with him ; and concludes by confidently

appealing to the entire difterence of their " controversial man-

ner " as his justification for declining to insert the reply, wholly

disavowing those partial or prudential motives which are sug-

gested in this pamphlet.

Recentlij imhlislied.

The Second Part of the Philosophical Transactions of the

Royal Society for 1 824, has just appeared, and the following

are its contents:

Some curious Facts respecting the Walrus and Seal, dis-

covered by the Examination of Specimens brought to England

by the different Ships lately returned from the Polar Circle.

By Sir Everard Home, Bart. V. P.R.S. In a Letter addressed

to Sir Hum|)hry Davy, Bart. Pres. R.S.—Additional Experi-

ments and Observations on the A})plication of Electrical Com-
binations to the Preservation of the Copper Sheathing of

Ships, and to other purposes. By Sir Humphry Davy, Bart.

Pres. R.S.*—On the Apparent Direction of Eyes in a Por-

* Given ill the present Number, p. 203.

trait.
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trait. By William Hyde WoUaston, M.D. and V.P.R.S.—
Further particulars of a case of Pneumato-thorax. By John
Davy, M.D. F.R.S.—Oh the Action of finely divided Platinum
on Gaseous Mixtures, and its Application to their Analysis.

By William Henry, M.D. F.R.S.—A Comparison of Barome-
trical Measurement, with the Trigonometrical Determination
of a Height at Spitzbergen. By Captain Edward Sabine, of

the Royal Regiment of Artillery, F.R.S.—Experimental In-

quiries relative to the Distribution and Changes of the Mag-
netic Intensity in Ships of War. By George Harvey, Esq. Com-
municated by John Barrow, Esq. F.R.S—Experiments on
the Elasticity and Strength of hard and soft Steel. In a
Letter to Thomas Young, M.D. For. Sec, R.S. By Mr.
Thomas Tredgold, Civil Engineer. Communicated by Dr.
Young.—A short Account of some Observations made witli

Chronometers in two Expeditions sent out by the Admiralty,

at the recommendation of the Board of Longitude, for ascer-

tainhig the Longitude of Madeira and of Falmouth. In a Let-
ter to Thomas Young, M.D. For. Sec. R.S. and Secretary to

the Board of Longitude. ByDr. John Lewis Tiarks. Commu-
nicated by Dr. Young.—Of the Effects of the Density of Air
on the Rates of Chronometers. By George Harvey, F.R.S.E.
Communicated by Davies Gilbert, Esq. V.P.R.S.—A Letter

from Lewis Weston Dillwyn, Esq. F.R.S. addressed to Sir

Humphry Davy, Bart. P. R.S.—An Account of the Organs of

Generation of the Mexican Proeteus, called by the natives

Axolotl. By Sir Everard Home, Bart.V.P.R.S.—An Account
of Experiments on the Velocity of Sound, made in Holland.

By. Dr. G. Moll, Professor of Natural Philosophy in the Uni-
versity of Utrecht, and Dr. A. Van Beek. Communicated by
Capt. H. Kater, F.R.S.—A Catalogue of nearly all the prin-

cipal fixed Stars between the Zenith of Cape Town, Cape of
Good Hope, and the South Pole, reduced to the 1st of Ja-

nuary 1 824-. By the Rev. Fearon Fallows, M. A. F.R.S.

—

Remarks on the Parallax of « Lyrte. By J. Brinkley, D.D.
F.R.S. Andrew's Professor of Astronomy in the University

of Dublin.—Appendix :—List of Presents :—Meteorological

Journal.

Icones Fossilinm secfiles, cnictorc C. E. Konig, F.R. & L.S.
&c. &c. Sowerby, No. 156, Regent-street.

Corso Analilico di Chimica. Analytical Course of Chemis-
try, by M. Mojon. Genes, 182.'3.

Cliiinicu applicata aWAgricoltnra. M. Cliaptal's Agricul-
tural Chemistry, translated by M. Primo. Milan, 1824.

Caroli Ijinncti Pliilosophia Dotanica ; cditio aucta et emen-
duta. Tournay, 1824.

Traitc
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Traite cUmcntaire de Physique ; par C. Despretz. Paris,

1824.

Coup (Tceil sw- les Mines; par L. Elie de Beaumont, Itige-

nieur des Mines. Paris, 1824.

hi the Press.

The Mine Laws of Mexico, which are but little known in

this country, are now translating i'rom the last regulated code,

in the original Spanish, and will shortly be ready ; with Obser-

vations on Mines generally, as also the Mining Associa-

tions.

XXXVII. Proceedings of Learned Societies.

ROYAL SOCIETY.

March 3.—HPHE readings of Dr. Williams's paper On the
-*- maternal-fcEtal circulation was resumed and

concluded: and Dr. J. R. Johnson, F.R.S. communicated

some further observations on the genus Planaria.

March 10.—J. F. W. Heischel, Esq. Sec. R.S. communi-
cated a paper entitled Improvements on Leslie's Photometer

;

by W. Ritchie, A.M.
March 17.—The Society for jiromoting Animal Chemistry

communicated a paper by Sir E. Home, Bart. V.P.R.S. en-

titled Observations on the influence of the nerves and gan-

glions in producing animal heat.

March 24.—A paper was read, entitled Results of meteoro-

logical observations taken at the Madras observatory; by
John Goldingham, Esq. F.R.S. : and the Society then ad-

journed over two Thursdays, to meet again on the 1 4th of April.

LINNiEAN SOCIETY.

March 1 and 15. — The reading of Messrs. Sheppai'd and
"Whitear's paper On the birds of Norfolk and Siiftblk, and of

Dr. Hamilton's Commentary on the Hortiis Malabaricus, was
continued.

GEOLOGICAL SOCIETY.

Feb. 18.—A paper by Professor Buckland was read, On the

Valley of Kingsclere, near Newbury, and the evidence it af-

fords of disturbances affecting the green sand, chalk, and
plastic clay formations.

The object of this paper is to describe the })haenomcna of a

small valley near Kingsclere, in whicli the green sand strata

are protruded to the surface through the chalk and plastic

clay,
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clay, at a spot situated within the area of the chalk basin of
Newbury, and affording a remarkable exception to the general
regularity of that basin.

This irregularity of structju'e has apparently originated

from a sudden elevation of the chalk, accompanied by frac-

ture and an inverted dip ; its position is remarkable as being
near Inkpen Hill, a point where the chalk rises to 1011 feet,

the highest elevation it attains in England.
In the valley subjacent to the Inkpen ridge, and near its

north base, the chalk dips rapidly in two opposite directions,

nearly north and south, on each side of a central axis or anti-

clinal line ; and a little further east the green sand also emerges
with a similar double dip, and forms the small valley of Kings-
clere, surrounded on all sides with an inclosing escarpment of
chalk.

The north frontier of this valley is in close contact with well

characterized deposits of plastic clay dipping like itself rapidly

towards the north. Four similar valleys are adduced in the

counties of Wilts and Dorset ; and the author concludes re-

specting them all, that it is utterly impossible to explain their

origin by denudation alone, nor indeed without referring the

present position of their component strata to a force acting

from below and elevating the strata along the line of the cen-

tral axis of the valleys in question. To valleys of this kind the

author applies the appellation of Valleys of Elevation, to distin-

guish them from those which owe their origin simply to dilu-

vial denudation. He then proceeds to show that the valleys of
Pewsey near Devizes, and of the Wily and the Nadder above
Salisbury, have also to a certain degree been affected by a force

acting from beneath and elevating the strata at a period ante-

cedent to their being submitted to denudation; and concludes
that not only these inclosed valleys similar to that of Kings-
clere, but many open valleys also (though in all cases modified

by subsequent denudation), had a prior origin, arising from the

fracture and elevation of their component strata. This must
liave happened in the case of the weald of Kent and Sussex,

inclosed as it is with an escarpment of chalk dipping every
where outwards in opposite directions, and sometimes very
rapidly along the North and South Downs.
The author proceeds to illustrate, by the position of the

strata of plastic clay in the same district, the important geolo-

gical (juestion,—whether the chalk was disposed in its present
form of trouglis or basins before or after the deposition of the

tertiary formations now inclosed in them; and to show that the

j)resent inclination of the strata along the south frontier of the

basins of London antl Hants took place since the deposition

of
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of the plastic, and probably also of the London clays; and
that these two basins wei'e once connected together across the

now intermediate chalky strata of the downs of Hants, Wilts,

and Dorset ; since it appears that the plastic clay formation is

so far from being limited to the lower levels of the present

basins, that large residuary fragments of it still occur on the

summits of the most elevated portions of chalk in these coun-

ties, e.g. on the summit of Likpen near Newbury, and on that

of Blackdown near Abbotsbury, as w ell as on the top of Chid-

bury and Beacon hills in the highest part of Salisbury plain.

The strata that covered the intermediate spaces have probably

been removed by diluvial denudation, and the destructible na-

ture of their component materials would render them pecu-

liarly liable to be swept away by the transit of violent currents

of water. The wreck of the harder portions of the sandy

strata thus destroyed forms the sandstone blocks called Grey
Weathers that lie loosely scattered on the naked surface of the

chalk in all these counties, and of which Stonehenge is con-

structed. In lower levels within the existing basins these

same strata have been less destroyed, in consequence of the

greater protection their low position has afforded them from

the ravages of diluvial denudation.

The author concludes with referring to the occurrence of

similar tertiary strata, as well as of chalk and green sand, on
the summits of the Savoy Alps, nearly 10,000 feet above the

level of the sea, where they seem to bear the same relation to

the tertiary strata of the valleys of Italy, France, and Germany,
that our trifling elevations of Inkpen, Blackdown, &c. bear to

the basins of London and Hants ; and concludes that since the

depositions of these beds, either by the elevation of the moun-
tains or the depression of the valleys, or the united effect of

both tliese causes, the relative level of the one to the other has

been changed to the amount of many thousand feet.

March -i.—-A notice was read On some silicified wood from
the desert between Cairo and Suez, in a letter from George
Francis Grey, Esq. to the Rev.W. Buckland, Pres. G.S.

Large masses of silicified wood, resembling in form the

trunks of palm-trees, lie scattered, the author observes, over a

tract of gravel in the desert, about 15 miles from Cairo, and
for two days' journey all the way from that place to Suez.

A notice was also read On the bones of several animals found

in peat near Romsey in Hampshire, extracted from a letter

from Charles Daman, Esq. to the Rev.W. Buckland, P. G.S.
Mr. Daman mentions that the skulls of several beavers, as

well as the bones of oxen, swine, stags and roe-bucks, have
been dug out of the peat near Romsey and out of the shell

marl
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marl provincially termed "malen," which occurs in the same

alluvial tract. In one place several human skeletons have been

taken out of the marl.

A paper entitled, Observations on the beds of clay, sand and

gravel, belonging to the red marl formation of the midland

counties, and on the rocks from which they are derived, by the

Rev. James Yates, M.G.S., was read in part.

ASTRONOMICAL SOCIETY.

March 11.—There was read "An account of the arrival and

erection of Fraunhofer's large Refracting Telescope at the Ob-

servatory of the Imperial University at Dorpat :" communi-

cated in' a letter from Prof Struve to Francis Daily, Esq. Pre-

sident. Prof. Struve received this telescope in November last,

and was happy to find that although it had travelled more

than 300 German miles, its several parts had been so carefully

packed that none of them had sustained the slightest injury.

When in a perpendicular position, the height of the object-

fflass is 16 feet 4 inches (Paris measure) from the floor, 13 feet

7 inches of which belong to the telescope itself;^ so that the

eye-glass stands 2 feet 7 inches from the floor. The diameter

of the object-glass is 9 Pari*, inches (about 9,f inches EngHsh).

The weight of the whole instrument is about 3000 Russian

pounds. It is so constructed that it may be used as an equa-

torial. The upper part of the instrument consists of the tube,^

with its axis of motion, two graduated circles, and a variety of

levers and counterpoises, producing the most perfect equili-

brium in every direction, and providing against all friction.

The declination circle is divided from 10' to lO', but by means

of the vernier may be read off" to 5". The instrument may be

turned in declination with the finger, and round the polar axis

with still less force.

The most perfect motion round the polar axis is produced

by means of clock-work, which is the principal feature of this

instrument, and the greatest triumph for the artist, the mecha-

nism being as simple as it is ingenious. A weight, attached

to a projection connected with the endless screw, overcomes

tlie friction of the machine. The clock vibrating in a circle

regulates the motion by moving an endless screw connected

with a second wheel in the above projection. The weight of

the clock as well as that of the friction may be wound up with-

out the motion being interrupted. When the telescope is thus

kept in motion, the star will remain ciuietly in the centre, even

when magnilii'd 700 times. At the same time there is not the

least shake or wavering of tlie tube, and it seems as if we were

observing an iuniioveable sky.

Vol. «.;. \o. 323. M^^;y7/ 1B25. Ee But
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But t!ie ai list has done still more; he has introduced a hand
on a graduated dial of the clock, by which the motion of the

latter can be instantly altered; so that a star may be brought

to any point of the field of visioTi to whicli it may suit the ob-

server to carry it, according as it is required to make the course

of the instrument go faster or slower than the motion of the

heavens ; and if once placed, it may be kept in that position

by returning the hand to its original position. The same me-
chanism is also used to make the motion of the instrument co-

incide with that of the sun and moon.
This instrument has four eye-glasses, the least of which

magnifies 1 75 times, and the largest 700 times.

M. Struve has compared the power of this telescope with

Shroiiter's 25 -feet reflector, by means of which that astrono-

mer saw (T Orionis twelve or thirteen fold ; whereas Struve

clearly ascertained the existence of sixteen distinct stars.

This instrument is furnished with four annular micrometers

of Fraunhofer's construction, and an excellent net-micrometer

of the same artist. By means of these it appears that the pro-

bable error in the measurement of some minute distances, of
7" and under, did not exceed the 18th part of a second. The
expense of this instrument was about 950/. sterling.

There was also read a paper on " A new Zenith Micro-

meter ;" by Charles Babbage, Esq. F.R.S. &c. The object of

the inventor in this instrument is to supersede the necessity of

extreme accuracy in the divisions. The principle on which

this instrument depends may be readily comprehended by
imafrininn- a ijarallelogram, admitting of free motion about its

four angles, to be placed with two ot its sides in a horij^ontal

position, and the whole in a vertical plane ; and a telescope

to be fixed at right angles to the lower horizontal bar of this

parallelogram. Here every motion of one of the perpendicu-

lar bars of the instrument round its upper joint will not change

the angle which the telescope makes with" the meridian, but

will merely remove it into a new position, in which it will point

to the same object in the heavens. But if either of the hori-

zontal bars of the instrument be lengthened by a very small

quantity, this parallelism of the telescope will no longer be

preserved; but any movement of the upright bars round their

axes will not onl}' remove the telescope from its position, but

will cause it to form a very small angle with its former direc-

tion. The magnitude of that angle will depend on the altera-

tion in the length of the arm of the parallelogram, and also

on the angle which that arm makes with its first direction.

The minutiae of the construction depend upon these conside-

ratipns, but cannot be rendered inteUigible without a diagram.
The
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The arc which is actually measured in the heavens b^' means
of this instrument is determined by a formula, in which the
sum of three arcs is taken from the semicircumference; one of
them resulting Irom the actual observation, the other tWo
from a 'cosine and a tangent, ascertainable by computation
from the theorem itself. In an extensive use of this microme-
ter, tables may easily be formed to facilitate the computation.

ROYAL IRISH ACADEMY.
On Thursday, the 16th of March, the annual elections at

the Royal Irish Academy took place, when the several official

departments were filled up as follow :

—

President: Rev. John
Brinklev, D.D. F.R.S. Sic.— Vice-Presidents : Joseph Clarke,
M.D.; Colonel Edward Hill; the Provost of Trinity College,

Dublin; Wm, Brooke, ^i.T>.— Treasurer:Wm, Brooke, M.D.
—Secretaries : Rev. J. II. Singer, D.D. F.T.C.D. ; Rev. F.

Sadleir, D.D. ^.Y.T.C.T>.^Secretary of Foreign Correspon-

dence: Colonel E. Hill.

—

Librarian: Rev.W. H. Drummond,
D.D.

—

Committee of Science ; The Archbishop of Dublin
;

Joseph Clarke, M.D. ;. the Provost ; Rev. F. Sadleir, D.D.
S.F.T.C.D. ; Sir C. L. Giesecke ; Rev. R. MacDonnell,
D.D. F.T.C.D.; Rev. Dionysius Lardner, A.M.— Committee

of Polite Literature: Rev. J. H. Singer, D.D. F.T.C.D.;
Andr. Carmichael, Esq. ; Sam. Litton, M.D. ; Rev. C. R. El-

riTigton, D.D. F.T.C.D. ; Rev. W. H. Drummond, D.D.

;

Geo. Kiernan, Esq.; M.W. Hartstonge, Ksq.— Committee qjf

Antiquities : Colonel E. Hill ; Win. Brooke, M.D. ; Isaac

D'Olier, LL.D. ; Rev. H. H. Harte, F.T.C.D.; Tho. H.
Orpen, M.D. ; Hugh Ferguson, M.D. ; Sir F. L. Biosse,

Bart.

MEDICAL SO'C'IETY OF LOXDON.
The fifty-secoiVd AnniveVs/ary Meeting of this Society Wa^

held on Tuesday, the 8th of March, at the London Coift'ee-

liouse, Ludgate-hill, William SheaiTnan, M.D. President, in

the chair. The Officers and Council for the year ensuiiig are:

President: Henry Clutterbuck, M.Jj.— Vice-Presidents :

H. J. Cholmly, M.D. ; James .lohnson, M.D. ; Sir Astley

Paston Cooper, Bart. F.R.S. ; and W^illiiinl Kingdon, Esq.
— Treasurer : John Andree, Esq.

—

Librarian : DilVid Uwins,
M.D,—Secretaries : T. J. Pettigrew, Exj. F.A.S. F.LlS.

;

and Thomas Callaway, Esq.

—

Foreigii Secretary : Leonard
Stewart, M.D.

—

Council: Thomas Walshman, M.D.; Williani

Sliearnian, M.D.; C'eorge Darling, M.D.: TiiomasCox, M.D.;
John Russell, M.D.; J. B. .Tames, M.D. F.L.S.; Edward
Morton, M.D. ; George Drysdale ; Edward Sutclifle ; Hurton

1'. 2 Hidwii

:
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Brown ; James Dimlap ; William Lake ; Kennedy Johnson ;

Samuel Ashwell ; E. A. Lloyd : James Handey ; Edward
Leese; Henry Edwards ; W. D. Cordell ; Joseph Amesbury;
William Burrows ; Septimus Wray; H. B. C. Hillier ; Mon-
tague Gosset ; T. W\ Chevalier ; George Langstaff"; J. C.

Taunton ; Henry Hensleigh ; J. M. Mugglestono ; J. S.

Smith ; R. \V. Bampfield ; Robert Brien ; Robert Blicke ; and
Martin Ware, Esquires.

To deliver the anniversary oration in March 1826, John

Haslam, M.D.

—

Registrar : James Field, Esq.

Mr. E. A. Lloyd delivered the annual oration ; the subject

was the " Constitutional Treatment of Organic Diseases." The
Fellows and their friends then adjourned to dinner in the great

room of the tavern. The Ex-President, \Mlliam Shearman,

M.D., as usual, taking the chair. The number present was

ninety.

In conformity with the will of the late Dr. Anthony Fother-

gill, the Society offers the Annual Gold Medal, value twenty

guineas, for the best dissertation on a subject proposed by
them, for which prize the learned of all countries are invited

as candidates.

The subject for this year is " The Nature and Treatment

of Carcinoma."
1. Each dissertation must be delivered to the registrar, in

the Latin or English languacfe, on or before the first of De-
cs O o '

cember.
2. With it must be delivered a sealed packet with some

motto or device on the outside, and within, the author's name
and designation, that the Society may know how to address

the successful candidate.

3. No paper in the handwriting of the author, or with his

name affixed, can be received ; and if the author of any paper

shall directly or indirectly discover himself to the Committee

of papers, or any member thereof, such paper will be excluded

from all conipetion for the medal.

4. The prize medal will be presented to the successful can-

didate, or his substitute, at the Amiiversary Meeting of the

Society in INIarch 1826.

5. AH the dissertations, the successful one excepted, will

be returned, if desired, with the sealed packet unopened.
*^.* The subject of the dissertation for the year 1826-7

is " Contiigion and Infection."

JMEDICO-BOTANICAL SOCIETY.

At a meeting of the Medico-Bota.iical Society of London,

holden the 11th of March the foUowhig particulars of the

New
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New Essential Oil of Laurus, (written by Dr. Hancock of De-
merara, and communicated to the Society by Lieut. Friend,
R.N. F.R.S.) were read.—

" The knowledge of this oil has hitherto been almost exclu-
sively confined to the natives of Spanish Guiana, This sub-
stance, which has been very injudiciously termed Azcijte de
Sassafras, (an appellation which tends to confound it with the
essential oil yielded by the Laurus Sassafras of the northern
continent of America,) affords, so far as my knowledge ex-
tends, an extraordinary and solitary instance of the produc-
tion of a perfectly volatile liquid without the aid of art. Sub-
stituting Ibr the appellation to which I have objected the pro-
visional name ' Native Oil of Laurel,' I shall describe the me-
thod of procuring it, and enumerate its principal chemical and
medicinal properties, so far as they have been investigated and
examined. The native oil is yielded by a tree of considera-
ble magnitude ; its wood is aromatic, compact in its texture,

of a brownish colour, and its root abounds with essential

oil. This tree, which is found in the vast forests which cover
the flat and fertile regions between the Oronooko and the
Panine, has from an analogy already alluded to been sup-
j)osed to belong to die natural order Laiiri ; and though
Humboldt and Bonpland do not seem to have been acquainted
with its singular and important produce, its botanical cha-
racters may very possibly have been described in their Plantce
Equinoctialcs under the genera Ocotea, Persea, or Litsea.

This question, however, I am unable to solve, as I have never
seen the parts of fructification.

" The native oil of laurel is produced by striking with an
axe the proper vessel in the internal layers of the bark, while

a calabash is held to receive the fluid. So obscure, howevei',

are the indications of these reservoirs, that the Indians (with

perhaps a little of their usual exaggeration) assert that a per-

son unacquainted with the art may hew down a hundred
trees without collecting a drop of the precious fluid. In many
of its properties the native oil resembles the essential oil ob-
tained by distillation and other artificial processes : it is, how-
ever, more volatile and highly rectified than any of them, its

specific gravity hardly exceeding that of alcohol. When pure
it is colourless and transparent ; its taste is warm and pun-
gent; its odour aromatic, and closely allied to tiiat of tlie oily

and resinous juice of the Conferee .-—so striking is this resem-

blance, that a friend to whose inspection I submitted the oil

pronounced it rather hastily to be s|)irits of Uupentine. It is

volatile, and evaporates without residmun at the atmospheric
tfuiperature. Jt is inflammable, burning entirely away, and

except
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except when mixed with alcohol gives but in its combustion a

dense smoke. Neither the alkalies nor acids seem to exert

any sensible action on the native oil. Upon dropping into

it sulphuric acid, the latter assumes a momentary brownish

tinge, but soon regains its transparency, remaining immiscible

at the bottom of the vessel. The oil of laurel dissolves

camphor, caoutchouc, wax, and resins, and readily combines

with the volatile and fixed oils. It is insoluble in water

;

soluble in alcohol and cether. Though the specific gravity of

the oil exceeds that of {Ether, yet the compound formed by
combining them in the proportion of one part of the former

to two of the latter, floats upon the surface of pure aether, and

•may therefore be the lightest of all known liquids.

" With respect to the medicinal properties of the native oil>

it bears when externally applied the character of a powerful

discutient, and appears when exhibited internally to be a

diaphoretic, diuretic, and resolvent. By many it is believed to

be analeptic, alterative, anodyne, and to promote the exfolia-

tion of carious bones. Without listening to the extravagant

reports of the Indians, who exalt it into a panacea, we must
admit that its efficacy has been demonstrated in cases of rheu-

matism, swellings of the joints, cold tremours, pains in the

limbs, and in various disorders supposed to originate in a

vitiated state of the blood i^niala saiigrc).

" In all these cases it is exhibited in doses of 20 to 24 drops

on sugar twice a day, accompanied by frequent and long con-

tinued friction of the parts affected with the oil ; while the body

is kept moderately warm and a free use of diluting drinks pre-

scribed to the patient. The same practice is said to have been

attended with the happiest effect in paralytic disorders : for this

I cannot vouch ; but have found it a valuable remedy in cases

of nervous and rheumatic head-ache, sprains, and bruises. A
decoction of the root has been employed as an alterative in

various chronic complaints, and with much success. I am fully

aware of the re-action that often results from over-excited and

disappointed expectation, and the discredit into which a new
remedy frequently falls in consequence of the unmerited en-

comiums which those who bring it into notice liave injudiciouly

bestowed upon its virtues

:

Quicquid excessit inochim

Pendet instabili loco.

"However slight the credibility we may feel inclined to at-

tach to the evidence of the Indians, (upon which our knowledge

of the medicinal properties of the native oil almost entirely

reposes,) llie infornialion derived from experience surely

claims that ntlL-ntion. and jn^tly cliallcngcs lliat cxinnination

which
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which we should not hesitate to bestow upon the speculations-

of the mere theorist. Let inquiries be instituted and experi-

ments be made by those who by situation and scientific attain-

ments are qualified for the task. By these investigations it

may not only be ascertained what degree of confidence ought
to be reposed in the unqualified encomiums which the Indians
lavish upon this anomalous production, but properties un-
known to them may be discovered, and its history, which they
have been accused (perhaps unjustly) of involving in obscurity,

be satisfactorily elucidated.
" To the chemist and the vegetable physiologist in particu-

lar, the native oil of laurel, elaborated by the unassisted hand
of Nature in a state of purity which the operose processes ofArt
may equal but cannot surpass, presents an interesting subject

for inquiry and a wide field for speculation."

ROYAL ACADEMY OF SCIENCES OF PARIS.

Dec. 1 3.—A sealed note relative to a new experiment was
deposited vvith the secretary byM. Fresnel.—M.Jules Cloquet

read a memoir on the effects and mode of effecting acupunc-
turation.—M. Bascary, in the artillery service, presented two
memoirs on perspective : the first on a portable instrument,

called a Coordonometer, designed to draw exactly after nature

the perspective ofany plane or spot whatsoever ; the second, on
the adoption and utility of exact perspective: with applications

to military drawing. ( Messrs. de Prony and Fresnel, com-
missioners.)—The Academy proceeded to a scrutiny of votes

for the election of a member of the botanical section, to fill up
the vacancy left by M. Thouin. Out of 52 votes, M. le Vicomte

de Morel de Vinde obtained 46 suffrages ; M. Aug. Saint-

Hilaire 3; M. Emmanuel d'Harcourt 1; M. Michaux 1:

M. Morel de Vinde was declared elected.—M. de Ferussac

read a memoir On the geography of the Mollusca. The sec-

tions of Agriculture and Botany presented, as candidates for the

Chair of culture and naturalization of exotic plants at the Mu-
seum of Natural History, MM. de Mirbel and Bosc.

Dec. 20.—M. Geoffroy Saint-Hilaire presented two of his

memoirs ; one entitled The composition of the osseous head of

man and of animals, extracted from the Aiinules des Sciences

Natwclles ; the other, an article extracted from the eleventh

volume of the Mcmoires da Museum d' Histoire. Naturelle, is

entitled, Ofthe opercular and auricular fins of fishes, considered

as a princii)al point on which should turn every research re-

specting the determination of the parts or pieces which com-
pose the cranium of animals, followed by synopjtical tables, ex-

hibiting the number and explaining the composition of these

parts.

—
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parts.—M. Desmoulins, who had previously read to the Aca-
demy, on tlie 31st May last, a memoir on the differences ex-

isting between the nervous system of the lamprey and that of

the vertebrated animals, presented to the Academy the result

of new observations which he has been making at Rouen, since

the commencement of December, on two other species of

Petromi)zon.—M. Magendie read a memoir On a liquid which

is found in the cavity of the vertebral canal, and in a portion

of that of the cranium in man, as also in a portion of that of

the mammiferous animals in general. The Academy proceeded

to the election for the above-named professorship at the Mu-
seum cVHistoire Naturelle. The number of votes were 53.'

M. Mirbel had 28; M. Bosc 24; and M. Saint-Hilaire 1.

The proces-verbal of this election will be addressed to the

Minister of the Interior.

Dec. 27.—M. the Keeper of the Seals, invited the Academy
to nominate one of its members to form part of the commis-
sion for reporting upon the types of the royal printing office.

M. Lacroix was apjiointed to this service.— M. Mathieu was
named, instead of M. Cauchy, member of the commission for

examining the papers of M. Peyravd.—M. Delisede Vire read

the remainder of his History of Lichens : this was transmit-

ted to the commissioners already named, MM. Desfontaines and
Bosc.—M. Clapeyron addressed, on the part of an author who
had not made himself known, the description of a machine for

the prize of M. de Monthyon.—An anonymous memoir On
apoplexy, for the prize of M. de Monthyon, -was also deposited

by one of the secretaries.—M. Arago presented a memoir
On the action exercised by copper, with respect to the oscil-

lations of the magnetic needle. (MM. Poisson, Ampere and
Dulong, commissioners.)—M. Vauquelin made a verbal report

upon the Dictionary of Chemistry of M. Pelletan junior.

—

M. Magendie communicated, verbally, some new details rela-

tive to the liquid contained in the cranium and vertebral canal.

He opened, at the hospital de la Charite, the body of a man
recently dead. The vertebral canal was entirely filled with

liquid. This liquid surrounds the anterior nerves of the in-

teriors; it equally separates the several fibres, both of the

nerves of sensation and those of motion. It appears to be
more abundant in man than in animals.—M. Poisson read a
second memoir On the theoiy of magnetism.—M. Flonrens

read a memoir On the brain of fishes. This he connected
with the subjects of two other memoirs : the first On the cicatri

zation of wounds of the brain, and the re-production of the in-

tegumental parts; the second. On the fiuidamental condition-

of the hearing, and on the several causes of deafness. (MM.
Cuvier, de Humboldt, Portal, Dinnrril and Dulong, com-

missioners).

—
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missioners).—M. Cauchy presented two memoirs, On tlie in-

tegration oflinear equations, and 0)i their application to va-

rious problems in physics.

XXXVIII. Intelligence and Miscellaneous Articles.

MR. barlow's MAGNETICAL DISCOVERIES.

nPHE emperor of Russia has presented Mr. Barlow, of the
-"- Royal Military Academy, (through his excellency Count
Lieven,) with a valuable gold watch and rich dress chain, &s a

mark of the value which his majesty places upon the magne-
tical discoveries of that gentleman, and on their important ap-

plication to the improvement and security of navigation. We
are glad also to add that the East India Board has followed

the example of the Admiralty and Trinity Boards, and pre-

sented Mr. Barlow with the sum of two hundred pounds.

Mr. Barlow not having availed himself of a patent right for

his correcting place, is justly entided to these marks of public

acknowledgement.

IMPORTANT CORRECTION RELATIVE TO THE CURE OF GLAN-
DERS.

We have been informed on good authority that the fit mode
of exhibition of the sulphate of copper, as a remedy for the

contagious glanders of liorses, (noticed in Phil. Mag. for Sep-

tember 1824,) is in a liquid state, and not as usual in a ball : it

is supposed the form of a ball occasions the medicine to remain

so long in the stomach as to produce mischief from irritation.

USE OF CROTON TIOLIUM IN VETERINARY MEDICINE.

It is well known that horses do not easily undergo the ope-

ration of purging, and scarcely any cathartic which readily

affects the human bowels operates on the brute creature. Aloes

alone, or along with calomel, purges the horse. Oil, indeed, is

also slightly laxative : but of late an accession has been made
by the oil of (Proton Tiglium, revived by Mr. Short. This,

in the dose of 15 to 25 drops, works as eflfectually as aloes:

l)ut the latest improvement is the exliibition of the dried seeds,

or even the husk of the dried seeds after the oil has been ex-

pressed, 20 to 30 grains of which answers as well as the oil

of Croton.

The danger from an over-dose is as great from this new

drug as from aloes. For a small and weakly horse the dose

should be less than above stated. Five grains of the Croton

seeds is calculated to l>e equal to about one drachni of aloes

Vol. 65. No. 323. Marcli 1825. F f for
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for producing nausea ; and of course six times this quantity as

a purge, is equal to six drachms of aloes.

A single grain of the Croton Tiglium seeds, or even half

a grain, is a powerful purgative to the human creature.

Rumphius of old speaks of 4- grains of the seeds as a poi-

son used by " wicked wives to get rid of their husbands."

siemen's improvement on the process of making brandy
from potatoes.

The intioduction of this process, which has been adopted

in many parts of Germany and in the north of Europe, has

been recommended to the Swedish government by M. Ber-

zelius, and to the Danish government by Professor Oersted.

From the trials made at Copenhagen, it would appear that

one-third more brandy is produced than by the usual processes.

In Professor Oersted's report, we find the following account

of the process :—The potatoes are put into a close wooden
vessel, and exposed to the action of steam, which heats them
more than boiling watei'. The potatoes can thus be reduced

to the state of the finest paste with the greatest facility, it

being necessary only to stir them with an ir(m instrument

furnished with cross pieces. Boiling water is then added to

the paste, and afterwards a little potash, rendered caustic by
quicklime. This dissolves the vegetable albumen which op-

poses the complete conversion af the potato starch into a fluid.

Professor Oersted frees the potato brandy from its peculiar

flavour by means of the chlorate of potash, which is said to

make it equal to the best brandy made from wine.

—

GilVs

Tech. Repos.

NATURE OF WHITE PRECIPITATE.

In some inquiries connected with the preparation of calomel

upon the large scale conducted in the laboratories at Apo-
thecaries' Hall, Mr. Hennell has discovered several curious

and important facts I'especting the chlorides of mercury, more
especially in relation to the triple compounds formed by corro-

sive sublimate with other chlorides. He has ascertained that

certain chlorides which appear to have no action upon calomel

at common temperatures, decompose it at a boiling heat, to a
greater or less extent, and resolve it into corrosive sublimate

and metallic mercury.
" I had repeatedly noticed," he observes, " a bluish tint

which calomel acquires when washed in a boiling solution of
muriate of ammonia, as directed by the London Pharma-
copoeia, to remove corrosive sublimate. To ascertain the

cause, I boiled 100 grains of pure calomel in a solution of

nmriate
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muriate of ammonia, containing 100 grains of the salt. The
change of colour in a few minutes was very evident. The so-
lution, when tested, contained coriosive sublimate. The boil-

ing was continued with four other portions of muriate of am-
monia, 100 grains each; when the calomel was entirely decom-
posed, 40 grains of mercury remained. Sixty grains of white
precipitate were obtained from the solutions by carbonate of
soda. There was no decomposition of the sal ammoniac.
With common salt I obtained the same results, mercury re-

maining, and white precipitate being thrown down from the
solutions, bj' liquid ammonia. Common salt is not so active

in producing these changes ; as ten portions of 100 grains each
were used before the decomposition of 100 grains of calomel
was complete. Muriate of potass and the earthy muriates
have, I have every reason to believe, the same power ; but I

did not push the experiments as in the case of soda and am-
monia."

The action of chlorides upon calomel Mr. Hennell has pai--

ticularly investigated in respect to common salt and muriate of
ammonia, those being the substances usually employed for the

purpose of washing calomel, under the idea of freeing it from
corrosive sublimate, an effect which they fulfil when employed
cold and in dilute solution only. But when perfectly pure
calomel is boiled for a few minutes in a solution of muriate of
ammonia or of common salt, and a portion of the liquor fil-

tered off and tested, a portion of sublimate is alwaj's found in

it ; and on boiling for a long time, the whole of the calomel is

decomposed, and compounds of sal ammoniac and corrosive

sublimate, and of common salt and corrosive sublimate, are

obtained, an equivalent portion of metallic mercury being at

the same time separated.

These facts are peculiarly important in relation to the pre-

paration of calomel, inasmuch as the Pharmacopoeia directs

the use of a hot solution of muriate of ammonia, with the in-

tention of freeing it from any accidental admixture of corro-

sive sublimate ; and Dr. Henry, in describing the methods of

ascertaining the purity of calomel, directs it to be boiled in

solution of muriate of ammonia. *' When carbonate of po-
tassa," he observes, " is added to the filtered solution, no pre-

cipitation will ensue, if the calomel be pure*." Several other

chemists of eminence have given this as a criterion by which
to recognise the presence ot corrosive sublimate in calomel;

whereas it appears from Mr. Hennell's experiments, that the

protochloride of mercury is in such cases decomposed, and
that perchloridc is formed.

•Elements of Expcrimcnlal (hcniistrv, 9th fdition, p. 588.

F f 2 I laving
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Having inferred from previous experiments that the " white

precipitate" was a compound of one proportional of peroxide

of mercur}' and one of muriate of ammonia, Mr. Hennell ve-

rified his opinion as follows. A solution of one proportional

of corrosive sublimate (= 272) was mixed with a quantity of

solution ofammonia, containing two proportionals (17 x 2= 34)

of that alkali ; a neutral mixture resulted, white precipitate was
formed, and one proportional of muriate of ammonia (am-

monia 17 + muriatic acid 37= 54 of muriate of ammonia) was
found in solution. In this case, the 2 proportionals of chlorine

in the sublimate (36 x2= 72) were converted, at the expense

of 2 pz'oportionals of water, into 2 of muriatic acid, which,

UTiiting with the ammonia, formed 2 of muriate of ammonia.
The 2 proportionals of the oxygen from the water (equivalent

to the 2 of hydrogen transferred to the chlorine) united to the

1 proportional of mercury in the sublimate, to form 1 of per-

oxide of mercury, which fell in combination with 1 of muriate

ofammonia to constitute white precipitate ; while the other pro-

portional of muriate remained as above stated in solution. The
equivalent number, therefore, of white precipitate, is 270, and
it consists of

1 proportional of peroxide of mercury = 216 80
1 muriate of ammonia = 54 20

270 Too
Having thus synthetically established the composition of

white precipitate, the following analytical experiment was made
upon it: 270 grains were dissolved in hydrocyanic acid, and
sulphuretted hydrogen was passed through the solution till it

occasioned no further change ; the precipitate was then col-

lected, washed, and dried : it weighed very nearly 232 grains,

being the equivalent of bisulphuret of mercury. The filtered

liquor, on evaporation to dryness, left 54 grains, or 1 propor-
tional of muriate of ammonia.

—

Journal of Science, Jan. 1825.

ELECTRICAL CONDUCTING POWER OK MELTED RESINOUS
BODIES.

It is commonly stated that melted resins become good con-
ductors of electricity, and freely allow of its transmission. The
following experiments were made with the view of determining
to what extent they possessed this property.
Common resin, shell-lac, asphaltum, bees-wax, red and black

sealing-wax, were melted in separate glass tubes, fitted with
wires for taking the electric spark : they all slowly and with
difficulty diew off" the charge of a jar, and not with the facility

usually supposed. The melted contents of the same tubes
acted as non-condiictors when made part of the Voltaic circuit.

Several
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Several thin glass tubes (previously tried by metallic coat-

ings) were coated outside with copper foil, and about half-filled

with the melted substances, having wires dipping into them,

similar to small Leyden vials. The resinous coating, how-
ever, distributed no charge over the interior of the glass tubes

when connected with the machine, which would have been the

case with conductors.

Upon removing the copper coatings and wires, substituting

pointed wires bent at right angles, resting against the interior

of the glass tube beneath the melted bodies, and suspending

them successively from an electrified conductor, placing a

metallic rod outside opposite the points, sparks passed in all

cases perforating the glass.

The last cases would indicate that melted resinous bodies

are not conductors, and the results obtained in the first in-

stance may possibly be referred to heated air about the ap-

paratus. T. G.

—

Journal of Science, Jan. 1825.

MOTION OF THE ELECTRIC FLUID.

It has long been received as a fact, that an electrical dis-

charge was capable of being transmitted through a very con-

siderable distance (say three or four miles) instantaneously,

and without any sensible diminution of its intensity. Mr.
Barlow, however, by employing wires of various lengths, up
to 810 feet, and measuring the energy of the electric action by
the deflection produced in a magnetic needle, has found tha?

the intensity diminishes very rapidly, and very nearly as the

inverse square of the distance. Hence the idea of constructing

electrical telegraphs is quite chimerical. He found, also, that

the eflFect was greater with a wire of a certain size, than with

one smaller, yet that nothing was gained by increasing the

diameter of the wire beyond a given limit.

SURVEY OF THE PERSIAN GULF.

The surveying vessels. Discovery and Psyche, will leave

Bombay about the end of the month to continue the survey of

the Persian Gulf; the examination of which has been com-

pleted from lias Moosendem, at the entrance, to the island of

Bahrein. Until the year 1821, the coast, with the exception,

of a small portion containing the pirate ports, was compara-

tively unknown. In the vicinity of the Cape it is high, rugged,

and intersected by deep estuaries, the two largest of which

have been named alter the present governor of Bombay,

and connnander-in-chieC, Elphinstone's Inlet, and Colville's

Cove. It was this part that obtained from the ancients the

denomination of Asabo, or Black Mountains ; without doubt

from the colour of the; rocks, which arc principally composed
of



230 Sinvej/ of the Persian Gulj'.

of black basalt and clinkstone, with calcareous spar in veins.

Some occurrences of the columniated basalt were observed,

but the general arrangement was in the form of mountain

caps, as they are termed by mineralogists. Several of the

small valleys were in a high state of cultivation ; the soil being

formed from the debris of the basalt, which is well known to

afford one of the richest composts for vegetation. The in-

habitants appeared a mixed race between the Bedouins and

Muscat Arabs. The mountainous pai't of the coast terminates

at Raumps, between which and the harbour of Abothubbe,

are situated the pirate ports. F'rom the last-mentioned place,

to the westward, comprising 200 miles in longitude, and 150

in latitude, the coast had hitherto never been explored by
Europeans. Here were discovered numerous islands ; be-

tween a long chain of which, connected by extensive reefs,

and the main, is an inlet, forty miles deep, navigable for the

largest vessels, and sheltered from the prevailing heavy winds.

The main land is formed in some parts of low sandy ground,

and in others of hills, which are evidently of volcanic origin.

The islands discovered by Capt. Maude have been surveyed,

and distinct plans made of each ; stronger marks are here

evinced of volcanic influence ; sulphur and its combinations

are found in all ; the hills are conical, and contain volcanic

scoriae, intermixed with argillaceous earth
;
gypsum, in most

of its varieties ; a recent formation of trap ; most of the ores

of iron, and obsidian. In all parts of the gulf, particularly

on the Persian shore, traces of a similar nature are found
sufficient to denote its being what geologists would term a
volcanic country, and which will readily account for the late

earthquake in that quartei'. The survey in June last termi-

nated at the interesting island of Bahrein ; the topography
of which is unknown, with the exception of a small part in

the vicinity of the citj'. The whole line of coast Avas laid down
by a continued series of triangles, and the principal positions

were verified by celestial observations; between the two ex-
tremes it forms an irregular curve, comprising, with the
various sinuosities, upwards of a thousand miles. The space
between Bahrein and the mouth of the Euphrates will be
completed by the close of the next cool season, unless any
extraordinary difficulties should present themselves.

—

Bombay
Gazette, Sept. 22, 1824.

M. VAUQUELIN ON THE PR1^,SENCE OF TITANIUM IN MICA.
We extract from the Annals of Philosophy for March 1825,

the following notice by M. Vauquelin, on this subject, which

fave rise to the memoir by M. Peschier, given in our present
Jiimber, with a note appended to it by Mr. Children.

" M. Vauquelin,
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" M. Vauquelin, at the request of Mr. Peschier of Geneva
(who conceived that he had found titanium in several micas in
such quantity as to be an essential constituent of the mineral),
repeated his experiments, first on two varieties of mica, and
afterwards on many others, in all of which he detected the pre-
sence of titanium, but in very minute quantity, and in different

proportions ; the richest in titanium did not give more than one
per cent, of that metal.

" His mode of analysis was as follows:—He ignited the mica
(divided into thin laminae, and cut very small with a pair of
scissars), with two parts of caustic potash, for half an hour, and
digested the mass in 100 parts of water. Mui'iatic acid was
gradually added to the mixture till it was slightly in excess

;

the solution evaporated slowly to dryness ; the residuum
washed with cold water, and the silica separated by the filter.

"If the silica was coloured, which often happened, he di-

gested it in cold muriatic acid diluted with 10 parts of water,

till it became white ; it was then washed, and while still moist
boiled in strong muriatic acid. The liquid was then evapo-
rated to expel the greater part of the acid, diluted and filtered

;

and the solution, containing only a slight excess of acid, treated

with an infusion of galls. If titanium was present the solution

first assumed a yellowish-red colour, and soon afterwards tan-r

nate of titanium separated in flakes of the same colour.
,,

" The niui'iate of titanium is so easily decomposed by heat,

that in general the greater part of the metal is found with the

silica, which should always be carefully examined in all ana-

lyses in which titanium may be expected to be discovered. If,

on the other hand, the evaporation have not been carried far

enough, a portion may remain in solution in the washings of

the silica. To be certain, j)recipitate the solution by ammo-
nia, wash the precipitate, and digest it in caustic potash, which
will dissolve tlie alumina and the oxide of titanium, and the

latter may then be separated by saturating the alkali with mu-
riatic acid, and })recipitation by infusion of galls.

" Nearly two years since, 1 examined a dark brown mica,

from Siberia, for titanium, without finding the least trace of

that metal."

PNEUMATIC MIXHANISM ENABLING THE WALRUS TO CARRY ON'

PROGRESSIVE MOTION AGAINST GRAVITY.

Sir Everard Home's papers containing his discoveries of

the pneumatic mechanism enabling the fly and the gecko to

caiiv on progressive motion against gravity are already well

known to our readers. The following is his account of an
analofjous
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analogous pi'ovision in the walrus, given in a paper on some
curious facts respecting that animal and the seal, published in

the Phil. Trans, for 1824, part ii.

" The first discovery I shall mention," says Sir Everard,
" is a peculiarity in the structure of the hind flipper or foot

of the walrus, that has not been adverted to ; nor could it

have been done now by any one not well acquainted with the

mechanism of the foot of the fly, enabling it to support its

weio-ht, and carry on progressive motion against gravity. Such

is the general resemblance between this flipper and the foot of

the fly, that having upon a former occasion seen it in a very

mutilated state, macerating in water, I discovered this analogy,

and requested my friend Captain Sabine in the Artillerj', at

the time he sailed with Captain Clavering to make experi-

ments on tlie figure of the earth, to bring me the feet and

other parts of the walrus. With the assistance and exertions

of Mr. Rowland, assistant-surgeon to the ship, he has com-
plied with my request, and enabled me to bring forward the

following observations on this subject.

" It is a curious circumstance that two animals, so different

in size, should have feet so similar in their use. In the fly, the

parts require being magnified one hundred times to render

this structure distinctly visible; and in the walrus, the parts

are so large as to I'equire being reduced four diametei's to

bring them within the size of a quarto page. As a knowledge
of the structure of the fly's foot led to the detection of the use

of the hind flipper of the walrus, so, on the other hand, an
examination of the toes of the walrus has enabled me to make
out the use of a part of the foot of the fly which 1 did not suf-

ficiently understand—I mean the two points : Mr. Adams
called tliem pickers, from supposing that they entered certain

small holes in the surface on which progressive motion was
carried on. This opinion I did not deem worthy of conside-

ration, but was unable to make out their real use : on com-
paring them, however, with the outer toes of the walrus, they

are evidently intended to surround the exhausted cavity, so

that a vacuum may be more suddenly and perfectly formed.
" As the skin of the animal is very thick and imyielding, and

had been for so long a time in strong brine, the parts were much
shrunk and corrugated ; but even in this state they showed
that the palm of the flipper formed a concavity, which had the

appearance of a cup when the great and little toes were made
to encircle the others. In this state of the parts this concavity

was thrown into longitudinal rugae, so that the real size could
not be ascertained, the span from the point of the great toe to

the end of the little toe not exceeding twelve inches. After

the
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the thick skin thrown into rugae upon the palm was dissected

off, the flipper lost all appearance of a foot, and took on that

of the hand of a giant, so far as respected the bones and
muscles, differing indeed in having a web covering all the

other parts, and extending beyond the point of the thumb and
fingers. The span, instead of being twelve inches, became
twenty-eight. The resemblance of the bones of the hind flipper

of a walrus to those of the human hand, (which I believe is like

nothing else in nature,) is curiously exact : the bones of the.

wrist are the same in number and shape ; so are those of the

metacarpus; so also the phalanges of the thumb and fingers.

The tendons of the perforantes muscles pass through those of

the perforati in the palm upon the metacarpal bones, while in

the human hand this takes place upon the first phalanges of

the fingers ; and there are no lumbricales muscles whatever.

On the back of this giofantic hand I was astonished to find the

tendon of the indicator muscle.
" The muscles and tendons that are peculiar to this flipper,

not met with in the human hand, are those of the web which
extends beyond the fingers and thumb : this web is a strong

ligamentous elastic substance intermixed with muscular fibres

;

it has a set of muscles, which have their origin from the sides

of the last phalanges of the fingers insensibly lost in it, and
tendons go off from each side of the perforator muscles, which
spread out and are lost in it.

" That this gigantic hand is employed as a cupping-glass to

prevent the animal from falling back in its movements, whe-
ther on the ice or in climbing the rocky cliffs, there can be

no doubt ; for it is only necessary to take the human hand, and
envelope it in an elastic web extending some way beyond the

points of the fiiigers, to prove that it could perform such an
office : but when we find the lumbricales muscles wanting, the

only use of which is to clench the fist, it adds to the proof;

and when the indicator is met with, a mode of opening a valve

to let the air in is pointed out.

" It may be doubted whether the extent of the flippers is

equal to the support of the enormous bulk of this animal ; but

this doubt will be removed when I mention that Mr. J^isher

informs me that a walrus killed at Spitzbei gen weighed twenty

hundred weight, and that an exhausted surface of twenty-eight

inches by twenty will support a pressure of 15lbs. on every

square inch, more than doui^le the animal's weight.
" Tiiat the principle on which the foot of the ily, the gecko,

and the walrus is formed, is the same, 1 trust has been es-

tablished. In the flv there are two cups, in the walrus only

one."

Vol. 65. No. 323 March 1825. G g Results
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'. From the annual mean pressure at these places, I infer that

Mr. Gary's barometer is placed 30 feet above the low-water
^ark of the river Thames, and that Mr. Veall's is 200 feet

above the low-water mark of the river Witham, mine being 50
feet above the low-water mark of Portsmouth harbour. This
inference is made upon the supposition that the mercury iij

each of our barometers is of the same specific gravity, and
similarly affected in its contractions and expansions by equal

pressures of the atmospherical column. I suspect, however,

that 200 feet is a great deal higher than Mr. Veall's barome-
ter is placed above the low-water mark of the river Witham

;

and that 30 feet is lower than Mr. Gary's is placed above
the low-water mark of the Thames ; especially as the tide rises

19 feet in the latter river.

I am and have long been of opinion that correct barometers

will never be procured by our meteorologists in different parts

of the country, till the cause is taken up by such scientific

men as those who form the Meteorological Society, and the

manufacturing of them confined to experienced artists under
their superintendence : for some use barometers made by
one artist, and others by other artists; and it is doubtful

whether all those who register their observations confine them-
selves to the portable upright barometers, which are the most
simple in construction, and far more correct and equal in the

scale of their movements by equal pressures, than the wheel-

barometers can be, from the friction to which they are liable,

and the ujicqual propoition of their jmllei/s to the circumference

of the scales. I have seen wheel-barometers of an elegant ap-

pearance at the time of a very low pressure, (as that on the

Sith of December 1821,) belov.' the range of their scales of

from 28 to 31 inches; the index of one was x'oths, of another

•Aths, and of a third nearly y'^jtlis of an inch below the bottom

ot the scales; while the mercury in the upright barometers in

the same neighbourhood and at the same height did not sink

below 28*10 inches—the lowest I ever observed it in mine. I

trust the members of the Meteorological Society will not deem
my suggestion obtrusive, as they are well aware of the great

discrepancies in the indications of barometers at difterent

places and at the same height from the level of the sea, and
of the jierplexity they occasion to observers in making their

comparisons even with mean annual pressures. The next

circumstance that claims my attention in the foregoing table

is the temperature of the external air. It appears that the

mean ol' Mr. Gary's thermonieter this year, at 8 o'clock A.M.,
is about 3^ degrees lower than the mean of mine at half-past

8 A.M. From a knowledge of the annual mean tempei'atiu'e

Ci g y oS
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of the external air in the interior of London, the mean tem-
perature here last year, and the difference between the mean
at 8 and half-past 8 o'clock A.M., the mean of Mr. Gary's

thermometer, as given in the table at 8 A.M., appears to be
about one degree too low : I should therefore like to know in

what situation he placed his external thermometer, or whether

he registered from the one attached to his barometer within-

doors.

The annual average temperature of Mr. Veall's thermo-
meter is about 2f degrees lower than mine at half-past 8 A.M.,
which is as it should be, considering the greater north lati-

tude of Boston, and the localities of that place and Gosport in

respect to their contiguity to the sea, which has been found

by long experience to modify the chilly air in winter, and keep
down the excessive heat in summer.
The difference between the mean temperature of the ex-

ternal air here this 3'ear, by a good horizontal self-registering

day and night thermometer, and the mean at half-past 8

o'clock A.M. by a Fahrenheit's, is fiths of a degree : the mean
temperature of the external air at Boston for IBS^ may there-

fore be taken at 49"f, that is 2°J less than the mean of this

place. And for the last eight years of Mr. Veall's registering,

the mean temperature of the air at Boston may be taken at

4<9°^, that is one degree below the mean temperature of Lon-
don for a series of years.

Lastly, it may be seen by the table that the annual amount
of rain caught at Gosport differs considerably from either that

caught in London or at Boston. Gosjiort being on the south-

west side of Portsmouth harbour, at the extremit}' of the

southern coast of Hampshire, it tlierefore receives the full

fbi'ce of the W. and S.W. winds from the Atlantic Ocean,

whichj on an average of ten years' observations made here

three times every 24 hours, prevail nearly four months out of

the year, according to the follow ing scale of the winds for that

purpose.

A Scale of the JVindsfor 10 Years, ending -wilh 1824.

N. iN.E.; E. S.E. S. S.W. W. N.W,

J326|[39li{370i|3Q5J353i649i;716l^540^

Days.

3653

It further ajipears from this scale, that by rejecting the

winds liom the North and South points, whirh are almost

equal in duration to each other, the winds Irom ihe West side

of our meridian have prevailed 1906^ days, and only 1067^
. • from
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from the East side, which is as 2 to 1 nearly: this difference

is probably induced in some measure by a contiguous and ex-
tensive sea, over which the air is free and unobstructed to-

wards the land.

Causes of the great Difference in the yearly Amount of Rain
caught at different Places in the British Isles.

For a proof of the facts, I will select five places in which
the annual mean depth of rain, for a series of years, has been
determined by punctual observations, viz.

Gosport.
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that at New MaJton 40 inches. By looking at the map of

the United Kingdom, it will be seen that the South-west winds

in their passage to Kendal must go directly up St. George's

Channel into the Irish Sea ; and in this direction, after arriving

at the Land's End, they collect additional vapours, which'

readil}' yield to condensation between the English and Irish

shores, and thus produce the additional depth of rain at Ken-
dal, in comparison of that at New Maltan and places situated

more towards the southern shores of Britain. Moreover, as

Kendal is situated at the southern extremitj' of the mountain-

ous district of Westmoreland and Cumberland, the passing

vapours are attracted by the mountains, and the attraction is

an additional means of augmenting the annual depth of rain

there. The prevailing South-west winds, in their passage to

New Malton, first strike upon Harleigli, in North Wales,

thence they proceed over Chester, Manchester, &c., a distance

of between three and four degrees over the land, in which

distance the bulk of rain is considerably diminished. By these

means I accoimt for the great difference in the yearly depth

of rain at Kendal and New Malton ; and am of opinion that

the same causes hold good in respect to the difference in other

places in the country.

LIST OF Ni:VV PATENTS.

To John Heathcoat, of Tiverton, lace-manufacturer, for an ini|)rove(l me-
thod of producing figures or ornainents on goods manufactured from silk,

<cotton, &c.—Dated 25th February I8r25.— 6 monthii to enrol specification.

To David Edwards, of King-street, Bloomsbury, writing-desk manufac-

turer, for an ink-stand in which by pressure the ink is caused to flow to

use.—26th Februai'y.— 2 months.

To Joseph Manton, of Hanover-square, gun-maker, for improvements in

fire-arms.— 26th February.—6 months.

To William Hopkins Hill, of Woolwich, lieutenant of artillery, for im-

provements in machinery for propelling vessels.—26th February.—6 months.

To George Augustus Kollmaun, of the Friary, Saint James's Place, Mid-

dlesex, professor of music, for improvements in the mechanism and con-

struction of piano-fortes.—26th February.— 2 months.

To James Bateman, of Upper-street, Islington, for a portable life-boat.

26th February.—2 months.

To Cornelius Whitehouse, of Wedneshury, whitesmith, for improve-

ments in manufacturing tubes for gas, &c.— 20l;h February.— 6 months.

To Thomas Attwood, of Birmingham, for an improved method of

making nibs or slots in copper or other metal cylinders iised for printing

cottons, &c.—26th February.—6 months.

To David Gordon, of Basinghall-street, and William Bowser, of Parsons-

street, Wellclose-square, iron-manufacturer, for improvements in plating

or coating iron with copper, &c.—26th February.— 6 mo.
To Chevalier Joseph ds Mettemberg, of Foley-place, Mary-le-bone,

physician, for a vegetable mercurial and spirituous preparation called Qv.utt-

essence Aulevsoriqup, or Mellemberg's Water, and ulso a particidar method
of employiiTg the same by absorption as a si>ccific and cosmetic— 2Gth of

February.—6 months.

To
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To John Masterman, of No. 68, Old Broad-street, for an improved
method of corking bottles.—5th March.—6 nonths.
To Abraham Howry Chambers, and Ennis Chambers, of Stratford-place,

Mar}-le-bone, and Charles Jearrard, of Adam-street, Manchester-square,
for a new filtering apparatus.—5th March.— (5 months.
To William Halley, of Holland-street, Blackfriars Road, Surrey, iron-

founder and blowing-machine maker, for ijnprovenients in forges, and on
bellows or apparatus to be used therewith or separate.— 5th March.
4 months.
To Robert Winch, of Steward's Buildings, Battersea Fields, Surrey, en-

gineer, for improvements in rotary pumps for raising water,&c.— 5th March.—6 months.
To William Henry James, of Cobourg-place, Winson Green, near Bir-

mingham, engineer, for improvements on rail-ways, and carriages to be em-
ployed thereon.—5th March.—6 months.
To William Hirst and John Wooil, both ofLeeds, for improvements in

cleaning, milling, or fulling cloth.—5th March.—6 months.
To John Linnell Bond, of Newman-street, Mary-le-bone, architect, and

James Turner, of Well-street, Mary-Ie-bone, builder, for improvements in
the construction ofwindows, casenients,folding sashes (usually called French
sashes), and doors, by means of which the same are hung and hinged in a
manner adapted more effectually to exclude rain and wind and to aiford a
free circulation of air.—9th March.—2 months.
To Thomas Hancock, of Goswel Mews, St. Luke's, Middlesex, patent

cork-manufacturer, for a new manufacture which may be used as a substi-

tute for leather and otherwise.—15th March.— 6 months.
To Thomas Hancock, of Goswel Mews, for improvements in making

ships' bottoms, vessels and utensils of different descriptions and various

manufactures, and porous or fibrous substances, impervious to air and water,

and for coating and protecting the furnaces of different metallic and other
bodies.— 15th March.—6 months.

' To Thomas Hancock, of Goswel Mews, for improvements in the process

of making or manufacturing ropes or cordage and other articles from
hemp, flax, &c.— 15th March.—6 months.

To John Colling, of Lambeth, engineer, for improvements on springs and
other apparatus used for closing doors.— loth March.— 6 months.

To Robert Bretell Bate, of the Poultry, optician, for his improvement
on the frames of eye-glasses.— 15th March.—6 months.

To Henry Nunn, and George Freeman, both of Blackfriars Road, Surrey,

lace-manufacturers, for improvements in machinery for making that sort oi

lace commonly known by the name of bobbin-net.— 15th March.— 6mon.
To Samuel Brown, of Saville-row, Middlesex, commander in the royal

navy, for his apparatus for giving motion to vessels employed in inland na-

vigation.— 15th March.—4 months.

To Joseph Barlow, of the New Road, St. George's, Middlesex, sugar-

refiner, for his process for bleaching and clarifying and improving the qua-

lity and colour of sugars known by the name of bastard and piece sugars.

—

L5th March.—6 months.

To William Grisinthwaite, of King's Place, Nottingham, for his improve-

ment in air-engines.— 15th March.— 6 months.

To Richard Whitechurch and John Whitechurch, of Star-yard, Car^-

street, Middlesex, for an improvement on hinges for doors, &c. wiiich will

enable thedoor8,&C. to be opened on the rieht and left(changing the hinges),

and with or without a rising hinge.— 17th March,

—

2 months.

To Mark Cosnahan, of the Isle of Man, for a new a|)paratus for ascer-

taining the way and leeway of ships, also applicable to other useful pur-

poses.— 17th March.—G months.
A METEORO-



5SS^^|w-s'^wJc^.= c«i?3Ww^'ww=-'-;'g3ww«

X, o o ^ s S-

c c o o c c o
Ks;fcfi.s3fefcH&^foCi;t(OCjSiHUoood3tL,ti.tnfs,i;ubii,u

3 C 3 3 3

>^ >> >> >>^ '^ '^ TS
1. = 3 3 3 ;

•;5 _o _o _o _o -^ _3 _o -g •

•uojsog

•uopuoi

•NOiSOJJ

lO ^ O LO LO iO »c

I -UOON
CO •^ 'Va rfc'ici CO '* 'g' rr_io lO -^ "* Tj'n CO CO coco coj^_^ co co CO co_
r-* -^ CM 'O ^o Tr"(M <M rto 00 o^ rN o in^ o r^^ -^Vo o t^ o ^ o o^
co-q'-^-a'-^^-^'^'^-q'TfirMOiouo-t^ oco coco-»-q'io-q--^'^'q-rr
lomus-^O'^-^cor^co'S'ot^'^corocorroofNOiinio^orfc
rorocQcQ-^cococQco-^ ^tj-io-^'S'TCOCOco (M O co cq CO co ^ CO ^

>rno in vo o uo lo o co o mo c^r^o o uo
ip o c^r^9^o^ o n- co -^ '-r lts -^ -^ .^ o *p

o6^o^d^CT^6^6^oo6^oo^^6^o^a^ooooo6oooooa^
COC<INOIC)OICNCOCOO»COCOCN01C<(NCOCOCOCOCOCOCOCOCOCOCOC'1

t3 j- ot^cpit^oooo—lOocoo-^-^co-^inooGot^io'oiNt-^coin
6CT^^^6^6^c^al66^^666bo66c666666666^^
COttC^IMCJIMC^COCOC^COCOCOCOCOCOCOcocOCOCOCOCOCOCOCOCOCI

•snquiifij

IsojnuiiiQ
I

•sn|nuin3

1

•cunsoui^l

•stuii.;)

punajgariJ
JB3U uieji

CO—• : 00 CO

o

00 —I c^ -^

•uop
-BaodBA3

•P"!AV

'uiojSXjj

•aajB^ -(Is

JO -diuox

•3JJ'S3HDUI

MI •uio4«g

Q**'

-OC 00 — o — o -<
icoco'^-^'*'"*'*

c-^ooooooo-^fooooi^-tiNc^ •*coo>oc-a\-^r^co'o — iO-<*r-oo
(N«Tr>cio<coip— oip— ci'N^ — -ia\©-<co-^iouomc<oc>r^
6o^6^o^^^6^6^66o^66666c^^6666666666^o^
COe» <MC<<MCl<NCOCOC<COCOCOrOCOCO<NCOCOCOCOCOCOCOCOCO<M(M

o



THE

PHILOSOPHICAL MAGAZINE
AND JOURNAL.

30^" APRIL 1825.

XXXIX. On the Tlieory of the Figure of the Earth. By
J. Ivory, Esq. M.A. F.R.S.

" /^E cas est jiisqu'ji present le seul pour lequel on ait
^^ trouve line solution rigoreuse, qu'on doit a Maclaurin

;

de sorte que le problenie de la figure de la terre, envisage phy-
siquemeut, n'est resoluexactementqu'en supposantle spheroide
fluid et homogene."

—

Lagrange, Mec. Anal. torn. i. p. 204'.

These are the words of the correct and elegant Lagrange,
after having demonstrated that a homogeneous" elliptical sphe-
roid fulfills the conditions ofequilibrium when it revolves upon
an axis and its particles attract one another in the inverse pro-
portion, of die square of the distance. They must not be un-
derstood in the utmost extent of their meaning ; for what is

proved, falls short of a physical solution of the problem of the
figure of the earth, even on the supposition of a homogeneous
fluid. Two things are necessary to a comj/lete theory :—in the
first place, we must know the laws of the equilibrium of a ho-
mogeneous mass of fluid, the particles of which attract one
another and are subjected to a centrifugal force; in the se-
cond place, we must investigate all the figures that possess
the properties which these laws require. Maclaurin merely
proved that a homogeneous fluid, which has the figure of an
oblate spheroid, will be in equilibria when its particles are
acted upon by the supposed forces.

After iiuich discussion and many attempts, the conditions of
the equilibrium of a fluid mass, such as we find them in all

the books at the present day, were given by Clairaut in his
work on the figure of the earth.

" Clairaut publia en 174..'5 son ouvrage sur laTheorie de la
Figure de la Terre. II y donne les equations generales jusqii'
alors inconnues, de re(juilibrc des fluidessoit homogcnes, soit

heterogenes, ou com|K)ses d'un nombre quelcontjue de fluides,

cjuelles que soient les forces qui animent chacune de leurs
molecules, et en supposant entre ces molecules une attraction
inutuelle suivant ime loi quelconciue."

—

Mec. Celeste, liv. ll""*

p. a. 1823.

^'ul. fl.5. So. '.'/2i: April 182.7. II h The
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The result of Clairaut's researches are thus concisely stated

in another passage of the same author:
" Les conditions de I'equiiibre d'une masse fluide sont done

:

1°, que la direction de la pesanteur soit perpendiculaire a

chaqiie point de la surface exterieure ; 2°, que dans I'interieur

de la masse, les directions de la pesanteur de chaque mole-

cule, soient perjiendiculaire a la surface des couches de den-

sitc constante. Connne on pent dans I'interieur d'une masse
homogcne, prendre telles couches cjue Ton veut, pour couches

de densite constante;—la seconde des deux conditions prece-

dentes de I'equilibi-e est toujours satisfaite, et il suffit pour
I'equiiibre que la premiere soit remplie ; c'est-a-dire que la

resultante de toutes les forces qui animent chaque molecule

de la surface exterieure, soit perpendiculaire a cette surface."

—Mt'c. Celeste, torn. 2'^S liv. 3"% p. 64.

Confining our attention to the case of a homogeneous fluid,

the conditions of equilibrium are extremely simple. The outer

surface must be defined by an equation between three inde-

pendent co-ordinates ; and the resultant of all the forces act-

ing at every point of the same surface must be perpendicular

to it. Being in possession of a theory so little complicated,

we should expect to be able to deduce from it the beautiful

discovery of Maclaurin ; and to prove, a priori, that the ellip-

tical spheroid is one figui'e of equilibrium, although, perhaps,

not the only one. No geometer has succeeded in this investi-

gation. It may be said with truth, that the received theory of
the equilibrium of fluids is of little use in the question of the

figure of the planets; for the small change induced upon a
fluid sphere by the action of a centrifugal force is a mathe-
matical conse(juence of the perpendicularity of gravity to the

outer surface.

In a paper inserted in the Philosophical Transactions for

1824', I have shown that there is an inadvertency in the theory

of equilibrium as it is delivered by Ciairaut, which is the true

cause of all the difficulty and embarrassment that has oc-

curred in the determination of the figure of the planets. The
conditions of equilibrium are rightly assigned when there is

no mutual attraction between the particles ; or, to speak more
precisely, when all the forces that act upon a particle are in-

dependent of the matter without the level surface in which the

particle is placed. M'hen the particles are endowed with at-

tractive powers, Clairaut's theory is insufficient ; and it lie-

comes necessary to add a nev/ condition in order to ensure
the ecjuilibrium. In the case of a homogeneous fluid com-
posed of particles that mutually attract one another, the equi-

librium requires, 1st, That the resultant of all the forces act-

ing
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ing upoa a particle in the outer surface be perpendicular to

that surface ; 2dly, That any interior body of the fluid bounded
by a level surface be in eqidlibrio with respect to the attrac-

tion of all the exterior matter. The latter condition cannot
be fulfilled unless every level stratum possess such a figure

as to attract all particles in the inside with equal force in op-
posite directions.

In the paper alluded to, the subject is examined at great

length. The inadvertence is pointed out both in the original

investigation of Clairaut, and in the usual theory of fluids,

founded on the principle of equal pressure in all directions.

It is proved that both these methods lead to the conditions of
equilibrium above mentioned, when no part of the forces in

action is left out. The case of a homogeneous fluid revolving

upon an axis, and composed of particles which attract one an-
other inversely as the square of the distance, is next consi-

dered ; and the conditions of equilibrium are investigated by
means of particular considerations without the aid of any ge-

neral theory.—Thinking that it may gratify some of the readers

of the Philosophical Magazine, to whom the progress of the

philosophy of Newton is not altogether indifferent, I have
subjoined the last-mentioned investigation, which does jiot re-

quire algebraical calculations. It is contained in the two fol-

lowing propositions.

Prop. I.—If a homogeneous fluid body revolving upon an

axis be in equilibria by the attraction of its particles in the in-

verse proportion of the square of the distance; any other mass
of the same fluid having a similar figure, and revolving upon
an axis similarly placed,will likewise be in equilibrio, supposing

that its particles attract one another by the same law.

Suppose that the two bodies are similarly divided into the

same indefinitely great number of molecules, of which dm and
dm' are any two situated alike, and therefore having their

volumes aiul quantities of matter proportional to the volumes
and quantities of matter of the two whole bodies. Take also

any two points similarly situated, either witiiin both bodies

or in their outer surfaces; and lety'and /' denote the respec-

tive distances of the two points from the molecules dm and
d m\ and ;• and r' their distances from the two axes of revo-

lution.

The forces with which the molecules dm and dm' attract

two e(|ual particles of matter placed in the assumed points

are porportional to -jp and —- ; and, in these fractions, the

niniu;rators being proportional to the cubes, and the dcnomi-
i)at(»rs to the s(juares of any two homologous lines of the re-

J I h '^ spcctive
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spective bodies, the attractive forces will be simply propor-

tional to any two such lines. The lines y and f, in the di-

rections of which the forces act, are likewise similarly situated

within the two bodies. And as what has just been })roved is

true of the attractions of any two molecules similarly situated

in the two bodies, it follows that the resultants of all the at-

tractive forces acting upon the two points will be to one an-

other in the proportion of any homologous lines of the re-

spective bodies, and that they will act in similar directions.

Again : since the velocity ofrotation is the same in both bodies,

the centrifugal forces urging the particles placed in the two
assumed points, will be proportional to the respective distances

from the axes of revolution ; that is, to r and /, or to any ho-
mologous lines of the respective bodies ; and, as the same
forces act in the prolongations of r and ;', they will have si-

milar directions. Wherefore, since any two particles similarly

placed on the surfaces, or within the respective bodies, are

urged in like directions and with proportional intensities by
the attractive and centrifugal forces that act upon them, it is

easy to prove that the pressures propagated by these forces in

the two bodies will be entirely similar, and will always have the

same proportion to one another. Wherefore the equilibrium

of one body is a necessary consequence of the equilibrium of

the other body.

Prop. II.— If a homogeneous mass of fluid revolve about its

axis, and be in equilibrio by the attraction of its particles in

the inverse proportion of the square of the distance, all the level

surfaces will be similar to the outer one ; and any stratum of

the fluid contained between two level surfaces will attract par-

ticles in the inside with equal force in opposite directions.

Suppose that the homogeneous fluid body R S T, revolv-

ing about the axis A B, is

/;/. equilibrio by the cen-

trifugal force and the at-

traction of its particles in

the inveise proportion of

the square of the distance:

— the axis of rotation A B
will pass through G, the

centre ofgravity of the fluid

mass. In the interior of the

revolving body, trace round

the point G the surfaces

QOP, NLM, KHI,
similar and similarly si-

tuated to the outer surface, indefinitely near one another, and
intercepting
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intercepting very thin strata of the fluid between them. Then
the whole fluid body K S T, and the part of it bounded by
the surface O P Q, are similar to one another in their fitrure

;

and they revolve about the common axiy A B, which cuts them
both similarly ; wherefore, because the first body is in equUi^
brio, the latter will also be iti cquilihrio, supposing that it re-

volves by itself, the exterior stratum being taken away or an-
nihilated *. And, because the body O P Q is in equilibrio

when it revolves by itself, the gravitation at its surface, or
the resultant of the attraction of its particles and the centrifu-

gal force, will at every point be perpendicular to that surface.

Wherefore every particle of the fluid contained in the stratum
between the surfaces R S T and O P Q will be urged, by the

gravitation at the latter surface, perpendicularly towards it.

But the matter of the same stratum, besides pressing upon the

surface O PQ, likewise attracts all the particles included within

that surface. And the pressure and the attraction we have
mentioned, are all the forces which the stratum exerts upon
the fluid body O P Q Now the body O P Q is in equilibrio

in two different states : namely, when it is a part of the whole
body R S T ; and when it revolves by itself, the exterior mat-
ter being taken away : it must therefore be in equilibrio with

respect to the difference of the forces which act upon it in the

two states of equilibrium ; that is, it must be in equilibrio by
the pressure and attraction of the exterior stratum. And be-

cause the gravitation is perpendicular to the outer surface

R S T, and likewise to the interior surface O P Q, indefinitely

near the outer one, this latter must be a level surface, and the

pressure of the exterior stratum upon any given space assumed
in it must be eveiy where the samef. Wherefore the body
O P Q will be iti equilibrio by the pressui'e of the exterior

stratum acting separately; and consequently it must likewise

be in equilibrio by the attraction which the same stratum ex-

erts upon it. The stratum between the surfaces R S T and

• Prop. I.

\ Let the equation of the outer surface be

?) = C:
then the equation of another surface indefinitely near it, which is perpen-

dicular to all the lines to which the first is perpendicular, will be

<p = C — 3 C,

3C being a small variation of C. Let Ic denote the small distance of the

two surfaces at any point, and p the gravitation at cither extremity of k ;

then it is easy to prove that

k X. p = oC.

Now k X p, or the product of the gravitation multiplied by the quantity

of matter, is the pressure ; and the c(|uation shows that the pressure upon
a given space is the same over all the surface.

OPQ
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O P Q must therefore be possessed of such a figure as to at-

tract all particles ia the inside with equal force in opposite

directions, because otherwise the fluid contained within it

could not be in cquilibrio with respect to the attraction of the

stratum.

Since the taking away of the uppermost stratum will leave

the remaining fluid bounded by the surface O P Q in cquili-

brio, it is evident that we may apply to the stratum imme-

diately below that surface the same reasoning that has been

applied to the stratum below the surface R S T. Wherefore

the surface N L M will be a level surface, and the stratum

between the surfaces O P Q and N L M will attract all parti-

cles in the inside with equal force in opposite directions. The
same conclusion is equally true of all the successive strata.

And because what has been proved of the several strata, taken

separately, is manifestly true of the aggregate of any number

of them, we are to conclude, that all the level surfaces of a

homogeneous fluid in equilibria by the supposed forces are

similar to the outer surface, and that any stratum contained

between two level surfaces attracts particles in the inside with

equal force in opposite directions.

These two propositions determine all the conditions neces-

sary to the equilibrium of a homogeneous fluid, the particles

of which are subjected to a centi'ifugal force, and to a mutual

attraction following the law observed in nature. They do not

indeed apply immediately to a body composed of fluids vary-

ing in their densities; but, as the defect of the received theory

of fluids is clearly pointed out, it becomes easy to deduce from

the same principles a satisfactory solution of every case.

A problem in Natural Philosophy is not brought within the

domain of the Mathematics, until all the physical conditions

be previously investigated. It then becomes the province of

the geometer to tiace the necessary consequences of these

conditions, and to deduce from them the required solution.

When this natural order of research is not followed, the re-

sult is always attended witli something imperfect, something

not entirely satisfactory to the mind. The conditions of equi-

librium being now fully known, we are able to discover why
Maclaurin succeeded in proving that a homogeneous elliptical

spheroid is in equilihrio by the attraction of its particles and

a centrifugal force. The figure supposed, contains one of the

conditions of equilibrium, and is the only figure compatible

•with that condition. Newton proved that a shell of matter,

comprised between two similar, and similarly situated elliptical

surfaces, or between two concentric spherical surfaces, will at-

tract all particles in the inside with equal force in opposite di-

rections :
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rections : and this is precisely the new condition which, as we

have proved, is necessary to the equiHbrium of a homogeneous

fluid. It may be observed that, of the two conditions of equi-

librium, the one which relates to the attraction of the level

strata upon particles within them, which is omitted in the re-

ceived theory of fluids, alone determines the figuie of the

homogeneous body : and when this is fulfilled, as it is in the

figure supposed by Maclaurin, it only remains to compute the

attraction, and to adjust the centrifugal force so that the re-

sultant of both shall be perpendicular to the surface. What
is said of the researches of Maclaurin is equally true of the

discoveries of Clairaut, as far as they relate to the figure of the

planets. In the first part of his work on the figure of the

earth, that excellent geometer has proved that the equilibrium

of a mass of fluid cannot be safely deduced from the perpen-

dicularity of gravity to the surface, which is the principle of

Huyghens; nor from the balancing of the central columns,

which is that of Newton ; nor from the hypothesis of Bouguer,

whicl'i requires the concurrence of both the i)rinciples just

mentioned : and although, in place of these imperfect theories,

he has substituted one drawn from more unexceptionable prin-

ciples, which is liable to no objection except when there is a

mutual attraction between the particles; yet, as the figure of

the planets depend upon the very case in which the theory is

defective, the main difticulties of the question were left un-

touched. In the second part of die work, which contains the

author's discoveries relating to the figure of the earth, his in-

vestigations are not deduced a priori from his theory of fluids,

but from the suj)position of a figure either exactly, or very

nearly, an elliptical spheroid.

If a homogeneous fluid composed of particles endowed with

attractive powers be at rest, it will be inequilihrio when it has

the figure of a sphere. Conceive that the spherical mass be-

gins to revolve upon an axis with a velocity which impresses

upon the particles a centrifugal force very small in propor-

tion to the attractive energy; the globe will now flatten in

some degree at the poles, and become protuberant at the

equator. What is the exact form in which die fluid will thus

dispose itself? Newton assumetl, but without assigning any

reason, that it is an elliptical spheroid of revolution. The dis-

covery of Maclaurin verified the supposition of Newton; and

as we are now in possession of all the conditions of the equi-

iiliriuin of a homogeneous fluid, it is easy to prove that the

revolving mass cannot be in equilibrio unless it have the figure

which Newton supposed.

Let as now consider the mnttn- a little diflerently, and with

rclirence
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reference to what is peculiar to the initial figure of the fluid.

The sphere at rest possesses all the properties of a homo-
geneous mass in equilibria ; that is, the gravitation is perpen-

dicular to the surface, and every particle is equally attracted

in opposite directions by a hollow shell comprised between

any two concentric surfaces. When a change is induced upon
the sphere by a centrifugal force, the laws of equilibrium can

be exactly fulfilled only when the new figure is an elliptical

spheroid. But when ihe derangement of the spherical surface

is very minute, it is obvious that both the conditions of equili-

brium may be considered as fulfilled, if we preserve the per-

pendicularity of gravity to the sinface. For the attractive pro-

perty of the level strata being exact at first, the small varia-

tion of their figure induced by the centrifugal force, can-

not be supposetl to effect suddenly any perceptible deviation

from the figure of ecjuilibrium. Legendre first proved that a

homogeneous fluid nearly spherical, revolving about an axis,

and having the gravitation perpendicular to the surface, must

be very nearly an elliptical spheroid. In the particular cir-

cumstances supposed, the true figure is thus found, Jiot by a

rigorous method, but approximately, although one of the con-

ditions of equilibrium is left out. This is indeed true appa-

rently ; but in reality, as we have shown, both the conditions

of equilibrium are vciy nearly fulfilled, and the more nearly

the less is the deviation from the spherical figure. We may
also object to the process of Legendre, that it substitutes a

mathematical projjerty which is true only in particular circum-

stances, and to a limited extent, in place of the physical prin-

ciples that are universally true in all cases whatever.

The transition of the fluid sphere to an oblate figure nearly

an elliptical spheroid, by the effect of a small centrifugal force,

is not confined to the hypothesis of a mutual attraction of the

j)articles in the inverse proportion of the square of tlie distance.

It is likewise true if we suppose that every j^article is attracted

to the common centre by a force which is either the same at

all distances from the centre, or varies as any power of the

distance. In one particular law, namely, when the cential

force varies directly as the distance, the oblate figures are ex-

actly elliptical spheroids, as Herman first proved in his Pho-
ronomia.

The discoveries of Legendre on the attraction of spheroids,

were greatly extended by Laplace. In the third book of the

Mt'canique Celeste, this subject is treated with the utmost ge-

nerality, and with all the resources and all the elegance which
the improved state of analysis is able to furnish. But it must
be observed that, in ap[)lying this mathematical theory to the

figure
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figure of the planets, the principles of equilibrium laid down
by Clairaut are supposed to be sufficient ; and the same ob-
jections we have already noticed in the investigation of Le-
gendre are equally applicable to the researches of Laplace.
The speculations of this great geometer mai'k the limit of our
attainments in one branch of the philosophy of Newton : on
this account they are deserving of a more ample discussion

than we can at present bestow upon them, and they will pro-

bably engage our further attention at some future time.

April 3, 1825. James Ivory.

XL. Correction of an Inadvertence in a Geodetical Problem
inserted in the Philosophical Magazine for Jtdy last. By
J. Ivory, Esq. M.J. F.R.S.

To the Editor ofthe Philosophical Magazine and Journal.

Sir,

TN the geodetical problem inserted in the Philosophical Ma-
•* gazine for July last, I find there is an inadvertency with

regard to the designations of the angles v|/ and A, which are

not the true latitudes, but angles having a very simple rela-

tion to the latitudes. But this circumstance affects neither the

reasoning nor the accuracy of the formulae, which are strictly

true when the proper values of the angles \J/ and K are under-
stood.

Conceive a semimeridian upon a diameter of the equator,

and likewise a semicircle upon the same diameter ; and from
a point in the diameter produced draw tangents to both curves:

then, the angle X is the inclination of the tangent of the circle

to the polar axis ; and the true latitude, for which I shall put

/, is the inclination of the tangent of the ellipse to the same
axis. The angle X is by some authors termed the reduced or

corrected latitude ; and my solution is true and correct if the

reader will be pleased to observe that \J/ and \ stand for the

retluced latitudes, and not the true latitudes.

The property of the ellipse furnishes this equation,

tan I

tan K = ,- :

sin /

whence we get sin K = / . '. ==

, cos / -v/l+c-
COS X = —

Vl + c- cos-Jf

and, very nearly, x = / — ^- sin 2 /.

Vol. 65. No. 321. April 1825. I i These
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Tliese values make il easy to substitute I for A if it be

thought proper so to do. In my formulae for deriving / from

s, and 4> from <^', it is evident that \ and I are to be reckoned

equivalent.

If we allow that a/ 1 + e' cos* (/ + §/) is equivalent to

\/ \ + e- cos^ /, we shall get by substituting the proper values

in the expressions of sin •\> and sin p',

sin (/ + 8 Z ) = sin Z cos s' + cos I cos /* sin s' V \ + e''

f cos I sin /i

sm jtx. = —,, . V, •
' cos (I -{• ol)

In like manner, we obtain

, sin /< sins' a/ 1 +«' cos (^ + S/)

or, very nearly,

sin «' = ""'"/'"V — "V sin ju. sin s' tan {I + 11) sin (Z + 8Z).
' cos («+«() 2 '

The advantage of my solution consists in its giving the ex-

act relations between all the quantities concerned, without

much calculation, and by means of expressions as simply as

the nature of the case will admit. Hence, in aj^plying it to

practice, it is easy to push the approximations to any required

degree of exactness.

I remain, sir, yours, &c.

April 5, 1825. Jasies IvoiiY.

N. B. I observe that in the second formula, reckoning from

the top of p. 37, cos \(/ is printed for cos "
i^.

XLI. Observations on Locomotive Action^ ivitk reference to its

Differences in Skaiting and Walking. Bij A Correspon-
dent.

T TPON what principle is it that the space gone over in skait-^ ing is so much greater than that gone over in the same
time and with the same exertion in walking? The answer to

this question would furnish curious hints as to an advantageous

application of force on rail-ways, &c.

At first sight it might seem easy to answer, that the propel-

ling impetus communicated by the muscles of the leg behind

does not, in walking, carry the body beyond the spot where

the other leg is set down, but is checked and momentarily

stopped there by friction ; whereas in skaiting, this impetus not

only carries up the centre of gravity to that spot, but, owing
to tlie smoothness and slippcriness of the skait-irons and ice,

enables the body to glide forwards over a considerable space

besides

:
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1

besides : each impetus thus causing a deal more ground to be
passed over tlian in walking, where the jirogressive motion is

at each step checked, and determined to the spot where the
foot is set down. But such a solution is not consistent with a
just idea of the nature of the action of walking. The velocity
of progression of a man walking uniformly is not materially
checked by any friction between his foot and the ground ; nor
is it momentarily stopped, as it were, and renewed at each step.
It continues uniform, like the velocity of a boat uniformly
rowed ; i. c. is never much under or over a certain mean point.
About the time of setting down the foot it is perhaps a trifle

less than the mean rate ; and just after the exertion of the mus-
cles of the hinder leg it is a trifle more: so that, for example,
if a man walk at the rate of four miles an hour, his velocity is

sometimes a little more and sometimes a little less than that

;

and so keeps passing at every step from the somewhat more to
the somewhat less, without ever being suddenly checked or
stopped, or ever differing much from that mean velocity of
four miles an hour, even for the smallest instant of time.

The fatigue in walking does not arise from the quantity of
force neccssaj-y to propel the body (in quantity I include fre-

quency of application), but from other causes connected with
the machinery of animal bodies, which I will endeavour to
explain ; first observing that the truth of this assertion will

be perceived indirectly, by considering that in walking down-
hill it is so far from being necessary to use force to propell the
body, that, if the declivity be considerable, it is on the contrary
necessary to check the tendency to accelerated velocity : so
that if the necessary propelling force was the principal cause
of fatigue on level ground, we ought, comparatively speaking,
mile for mile, to be little exhausted in descending gentle plea-
sant declivities, where the ground is good and the footing
firm ; as, for example, on the mossy, short, elastic, yielding
grass on the sides of some mountains. The additional shock
in walking down-hill occasioned by the descent of the foot is,

according to my experience, very trifling on such ground as
I have mentioned. But if anyone should maintain that, owing
to this or other cause, walking down declivities cannot, be
compared with walking on level ground, let him imagine a
man standing on level ground, and constantly (or by inter-

vals, as he pleases) pressed forward by a jiroper force, pro-
perly applied against his back,—such an one as gently to force
liim to gather up his legs and walk, without using any pro-
pelling force of'iiis own : \Vouhl this enable him logo so much
finfhcr in a day, as to authorise us to conclude timt the prin-

I i 'i cip:d
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cipal cause of fatigue in walking is the exertion of the neces-

sary propelling force ? I presume, not.

In order to explain the machinery of walking,

let us imagine a body moving on a wheel of

spokes (by which I mean one whose spokes are

unconnected with each other, except at the

centre of the wheel) ; and let us in the first in-^

•stance suppose this body standing at rest on
two of its spokes, and then to be propelled forward by some
external force. It is evident that while the forward spoke is

becoming more and more erect, the (centre of gravity of the)

body must rise ; and that it must afterwards fall through the

same degrees, till the succeeding or third spoke comes into

contact with the ground : also, that if the ends or feet, as they

may be called, of the spokes be properly shaped, the friction

will be but a part of that in the case of a common wheel : also,

that the force required to propel this body depends, cateris

paribus, on the infrequency of the spokes ; because that de-

termines the height to which the body will have to rise and
fall, as well as the angle which the direction of its rising and
falling will make with a horizontal line. This force is similar

to that part of the force used in walking that is necessary

simply to propell the body. Let us now further assimilate the

action of our machine to that of walking, by supposing it pro-

pelled, not by an extraneous force, but by the elongation of

the spokes, occasioned by the uncoiling of a spring or other-

wise, and subsequent contraction to their original length.

—

•

Here we have a very near approximation to walking. Let us

introduce one change more :—Let there be but two spokes

;

and let an internal machinery bring round the backward spoke
after its elongation and subsequent contraction, and }>lace it for-

ward, so as to be ready to meet the ground as the next spoke.

This third machine of ours will perfectly represent the action

of walking, so far as concerns our present purpose. Now it

is evident, as was observed before, that the first machine pro-

ceeds with less friction than a common wheel; i. c. if the ground
be smooth, with very little, and that there is no sudden check
or stop in the progressive movement. But whatever is true of
the first, with respect to friction, &c. between the gi-ound and
foot of the spoke, is true of the second and third forms of the

machine; therefore, &c. Transferring this to walking, we
may see that neither is it true there, that the exertion required
depends much on friction, or stoppage occasioned by setting

down the foot. In fact, this exertion is composed of two parts

;

one of which is that necessary simply to propell the body, and
which
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which is the same as the force required in the above machines

:

—the other is the exertion necessary for gathering up and ex-
tending the hnibs, and rolUng them on the sockets of the joints,

without progressive motion of the body; and is verjrmuch
hke that required for mimicking walking without stirring

from the place ; and still nearer, if not exactly, like that re-

quired when a person is pushed forward and made to walk.

And it fatigues from the same causes that throwing about the

arms fatigues ;—the alternate contraction and relaxation of the

muscles, even without effort, as it may be called, (/. e. without

moving any weight except that of the limbs themselves,) ex-

hausts their ready power ; changes the set of the fibres ; oc-

casions wear and tear ; and by various pressures accelerates

the motion of the blood, &c. It is this division of the force

I am now speaking of that causes all exertion of animals,

whether man or other, in walking, trotting, &c. to be attended

with so great a waste of strength. The power of a man to

propell himself on a tolerable road would, with proper ma-
chinery, be greatly superior to what he has in walking.

In short, the locomotive powers ofanimals are at present very

disadvantageously exerted, particularly in quick movements.

But in all the machinery I have heard of, the inventors, by per-

tinaciously clinging to certain erroneous though natural ideas,

do nothing but transfer the unnecessary exertion from one

part of the body to another ; or else they place the animal in

such a position (as in the velocipedes, for instance, where they

cling to the idea of the seat on a horse) as to work the muscles

in the most inconvenient manner possible.

In skaiting, instead of having our progress determined by
rolling round on our animal wheels, we, besides this rolling-

round, slide along the ground, with the limbs relatively at

rest, and thereby to a given space have fewer movements of
the wheel; though probably the propelling force exerted is

nearly the same in both cases. Besides this, in most modes
of skaiting the disturbances given to the relative situation of

the limbs are not only nutch less frequent, mile for mile, than in

walking, but are reduced within much smaller limits. There are,

indeed, modes of skaiting in which these disturbances are re-

duced almost to nothing—where the legs have no alternate

motion of passing each other; but these modes are not the most

favourable, i)erhaps, to progress. If our third macliine, in-

stead of an impetus for each spoke, had one at every other, or

every thirtl, or every fourth, &c. sufficient to carry it round

over the intermediate spokes, the indefinite extension given to

the space gone over at each effort would be somewhat analo-

gous to tiial in skaiting: anti the same may be said if^ in walk-



254 M. Berzelius on the Preparation

ing, a man was pushed on so as to be forced to go two, three,

four, or more steps invohmtarily, as it may be called, at each

push ; or if he forced himself so to move by not exerting his

propelling powers, except at every second, third, fourth, &c.

time of taking up his leg from the ground.

The advantage of skaiting, then, is in avoiding much of

that exertion which is necessary for moving the limbs among
themselves, and which has nothing to do with the propelling

force.

The practical corollaries I have to draw from these obser-

vations are very curious. I have for many years been anxious

to realize them, but circumstances have forbidden me—they

are still but theories. I think I could show a mechanician

not only that the present mode of using animal power for

locomotion is very uneconomical, but that there is a better

mode feasible, and that that mode would be equally applica-

ble to machines where steam, &c. is the moving power.

Z. A.

XLII. On the Mode of obtaining Silicium, and on the Charac-

ters and Properties of that Substance. By M. Berzelius*.

Decomposition of Fluatc of Silica by Potassium.

WHEN we read the description of the experiments made
by MM. Gay-Lussac and Thenard on the silicated

fluoric acid and potassium, we cannot doubt that they decom-

posed the acid in the circumstances which they describe.

The potassium burns in the gas and condenses it ; a brown
matter is formed, which, boiled in water and dried, burns in

oxygen gas with the evolution of silicated fluoric gas, and

leaves as a residuum a white earthy matter. In applying my-
self to these researches, I looked upon the reduction of the

fluoric acid and of the silica as so certain, that I thought it

only necessary to examine the composition of the product ob-

tained, in order to exhibit the subject in a clear light. The
experiment of MM. Gay-Lussac and Thenard gave me the

same results as they obtained, with this difference; that the mass
when burnt in oxygen gas was not white, and that it had pre-

served its primitive colour without any remarkable change.

I expected to find some fluate of silica and potash, but the

concentrated sulphuric acid did not disengage any trace of

fluate of silica; and although carried to ebullition, it did not

produce any change in the substance. Nor was the substance

attacked by any acid but the fluoric, which separated the si-

* From the Aimalcs di- Cliimir ct de Pliys'iqjic, toni. xxvii. p. .'i3'.

Ilea
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Hca, and left a deep brown matter, insoluble in acids, and
which did not burn on exposure to the action of fire. Was
this the radical of the fluoric acid, or that of silica, or a com-
bination of both ?

To procure this substance in greater quantity I proceeded
in the following manner : I introduced into a glass retort of

the capacity of about ten cubic inches a small vessel of porce-

lain on which, was a piece of potassium of the size of a large

nut. After having rapitlly exhausted the retort I let in some
silicated fluoric gas, from a reservoir over mercury, and I ap-
plied the heat ofa spirit-lamp. The potassium at first became
white, but afterwards it became browner and browner, and at

last as black as a coal: it was not long in becoming inflamed,and

it burnt with a large flame of a deep-red colour, not however
intensely; whilst the mercury rose rapidly in the reservoir, on
account of the absorption of the silicated fluoric gas. As soon
as the combustion ended, a vacuum M'as made in the apparatus,

in order to prevent the formation of the fluate of silica and
potash, and it was then left to cool. The product was a hard,

porous, agglutinated,, and deep-brown mass, which did not
change in the air, but which, like manganese, emitted the smell

of hydrogen when it was pressed between the fingers or when
breathed upon. In the retort, aiound the porcelain vessel, a
light powder of a yellow-brown was remarked, which was
preserved. The burnt mass when thrown into water imme-
diately produced a copious evolution of hydrogen gas. The
water dissolved much fluate of potash, and the brown mass
was precipitated in the form of a chestnut-brown powder, slowly

evolving gas. The alkaline solution was decanted and re-

placed by pure water. The evolution of gas visibly dimi-

nished ; and the water having again been renewed after some
time, it entirely ceased; so that the brown powder did not de-

compose the water, even at the temperature of ebullition. The
solution obtained by boiling it being very acid, it was boiled

with fresh portions of water, until no signs of acidity were
manifested, and the solution afterwards passed through the fil-

tre. The water was saturated with fluate of silica and potash,

and the brown powder was washed as long as the water left

the slightest residuum by evaporation. 'I'he powder, being
dried, was of a chestiuit-brown,and evidently contained hetero-

geneous parts of a brighter colour. The brown matter which
was deposited on the glass during the combustion of the jio-

tassium was nnich more homogeneous. Water did not dis-

engage hydrogen by its action, but (juickly became acid. This
powder was wasiied with the same care as the ])receding.

Now, for the purpose oidelcnnining the change undergone
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by the brown matter during combustion, it was first perfectly

dried and heated to a dull red in a current of hydrogen gas,

and, after being weighed, exposed in a proper apparatus to

a current of oxygen gas. As soon as the air of the vessel

seemed to be displaced by oxygen gas, the brown matter was

heated with a spirit-lamp: it immediately took fire, and burnt

vividly for some time, having a pale blue flame on its surface.

The remaining oxygen being passed into barytlc water, ren-

dei'ed it very turbid, and gave a precipitate which entirely dis-

solved with effervescence in muiuatic acid, and which, conse-

quently, was carbonate of barytes. The burnt mass was greatly

diminished in bulk, but was ofmuch the same colour as before.

Its weight was augmented scarcely half a hundredth part.

There was not perceived either in the glass balloon where the

combustion took place, or in the glass conducting tube, the

least indication of the presence of fluoric acid ; and this showed

plainly that this acid was not produced by the combustion of

the brown matter; and that the presence of it in the experi-

ments of MM. Gay-Lussac and Thenard, as also in the first

which I made, arose from the circumstance that the bi'own

matter contained fluate of silica and potash, which was de-

composed by the heat of the combustion, and gave out silicated

fluoric acid. This result likewise deprives us of the hope of

learning by these means the composition of fluoric acid ; but

it is not less interesting, since it seems to show that the pul-

verulent brown matter is really silicium. Its combustion in

oxygen, with the production of carbonic acid, without much
increase of weight, was now not so difiicult to understand,

since it is a property of the oxides which contain three atoms

of oxygen, that their quadri-carburet burns without increase

of weight. But whence comes this carbon? how is it com-
bined with the silicium ? I thought at first that it might be

attributed to the presence of the oil of naphtha in which the

potassium was preserved, and I repeated the experiment with

potassium which had not been in this oil. The result was the

same. I then began to think that this metal might contain

carbon ; for it had been prepared after the advantageous pro-

cess lately given by Brunner, which consists in distilling at a
high temperature a mixture of carbonate of potash and of

carbon in a vessel of forged iron. The potassium, distilled in

a glass vessel, accordingly left a coally residuum, which, by
treatment with water, yielded some potash and much carbon.

In repeating the experiment of the combustion of potassium

in silicated fluoric gas [employing the metal thus purified],

the powder was not so brown, and when burnt in oxygen ac-

quired an increase of 40 percent without producing carbonic

acid.
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acid. Its colour, however, was mucli tlie same as before com-
bustion. But this circumstance will no longer appear asto-

nishing, if we suppose, either that the silicium may take in its

combustion a lower degree of oxidation, or that, as happens
with boron, the silica which is formed prevents the entire com-
bustion of the silicium. The residuum of the combustion,
treated by fluoric acid, gave silicated fluoric gas, and its co-

lour became much darker. Thrown on a filter, well washed
and dried, it was pure silicium.

Description of Silicium, and of its Chemical Relations "with other

Bodies.

Obtained in the manner just related, silicium is of a dark
nut-brown colour, without the least metallic lustre. When
rubbed with steel it does not give any bright streak, and re-

sists the friction as an earthy body does. It is incombustible
in atmospheric air and in oxygen ; it does not undergo any
change in the flame of the blowpipe, and appears to belong to

the class of the most infusible bodies. These properties seem
opposed to what I have already said of the combustion of sili-

cium, which is easily accomplished when we employ that sub-
stance as obtained immediately after its reduction by potassium.
This difference in its combustibility is extremely remarkable.
It does not depend on an effect attributable to the fluoric acid

;

for, if before burning the silicium it is treated with fluoric acid,

a portion of silica will be extracted from it, which had been sepa-

rated from the fluoric acid by the potash produced by the oxida-

tion of the potassium by the air, before the experiment could

be made ; and the acid dissolves besides, especially by means of

heat, a portion of silicium, with evolution of hydrogen gas.

The silicium which then remains after filtering and washing-

inflames and burns with vivacity in air and in oxygen. Nor
can this combustibility result from a residuum of potassium

;

for after combustion neither fluoric acid nor fluate of silica

and potash can be extracted from the product : it appears to

me to be owing more probably to a portion of hydrogen com-
bined with the silicium ; for, if the silicium be burnt in oxy-
gen, even after having been lieated in hydrogen or in a va-

cuum, water will be formed, but in very small quantity rela-

tively to the great capacity of saturation of the silica. The
silicium which is obtained when the brown mass procured

with potassium is thrown into water is, after that, a hydrurct of
silicium or a siliciurct <f hxjdrogen : the reduced mass is a sili-

ciurel of]>otassium^w\\\c\\ the water decomposes; the potassium

is converted into potash and dissolved ; the greater part of

the hydrogen is disengaged, and the smaller part takes the

\i>\.r,r>. y,o.:\'2\. April \H2ry. Kk place
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place of the potassium in combining with the silicinm. If the

hyflrnvetted siliciura is put into an open platinum crucible, and

slowly heated until redness commences, and then after being-

covered carried to a white-red heat, the silicium loses its com-

bustibility ; and treated with fluoric acid, which now dissolves

no more of it, becomes perfectly pure, without sustaining the

great loss which takes place when we begin by burning it.

—

When the hydruretted silicium is very quickly brought to a

red heat, it takes fire, because the hydrogen cannot burn at a

lower temperature without inflaming the silicium at the same

time. If the silicium does not burn completely m this case,

that circumstance does not arise from the production of an

inferior degree of oxidation, but from the access of oxygen

being prevented by the silica formed. Besides the loss of hy-

drogen which the silicium sustains at an elevated temperature,

it undergoes a further change ; it loses the property of dis-

solving in fluoric acid, is contracted in bulk, and takes a darker

colour. This circumstance has certainly as great an influence

in diminishing its combustibility as the loss of its hydrogen.

In the state of least condensation in which it is obtained,

when just separated from the potassium by means of water, it

may be compared, as to its combustibility, to the porous hy-

drogenated charcoal of lint, which takes fire by the sparks of

a steel, but which loses this property after having been ex-

posed to an elevated temperature. The incombustibility of

silicium is besides so great, that the small quantity of it which

remains on the filters may \)e found by burning them and

treating the ashes with fluoric acid.

Silicium, even when dry, stains and strongly adheres to the

glass vessels in which it is kept. When it is treated with

fluoric acid, the liquid is covered with a little pellicle, which

envelops, as fat oils do, each drop that is taken from it. This

pellicle rises on the sides of the vessels so long as they are

damp, and then appears, by refraction, of a clearer colour than

the silicium which is under the liquid.

Silicium is a non-conductor of electricity. That which has

become incombustible by its exposure to a strong heat does

not undergo any change, if, whilst red-hot, chlorate of potash

is thrown upon it. It is not attacked by saltpetre until the

temperature is raised sufiiciently to decompose the nitric acid,

and the affinity of the alkali begins to act ; but at a white heat

it is acted upon with great energy by that salt.

With carbonate of potash, silicium burns very easily with

a vivid inflammation ; carbonic oxide is given out, and the re-

duced carbon imparts a black colour to the mass. The in-

candescence is so much the more intense, and the temperature

leqnires
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requires to be so much less elevated in order to determine the

action, as less carbonate of potash or of soda is taken. Thus,

for example, taking a portion of carbonate equal in bulk to

half the silicium, the inflammation takes place much below the

temperature of ignition. With greater quantities of the car-

bonate, the mass becomes distended by the production of the

carbonic oxide, takes fire, and burns with a blue flame. If a

still greater quantity of carbonate be employed, no signs of

combustion can be perceived ; the mass does not grow black,

and merely gives out carbonic oxide.

From this mode of action of silicium with carbonate of

potash arises a very paradoxical pheenomenon. If some in-

combustible silicium is heated with saltpetre to a moderate

red, on a leaf of platinum or in a little crucible, no action will

be observed ; but if there is added a litde dry carbonate of

soda, so that it may touch the silicium, a detonation will take

place, at the expense of the carbonate, in the midst of the

saltpetre, and the mass will preserve for some time its black

colour.

The cause from which the silicium burns at a low temperature

more easily with the carbonate than with saltpetre, is without

doubt owing to the affinity of the alkali for silica being neces-

sary to determine the combustion of the silicium, and not be-

ing able to manifest itself with the saltpetre except when the

temperature is sufficiently elevated for the decomposition of

the nitric acid. If the burnt mass continues black some time

longer, this arises from the new combination being compact,

and protecting the carbon until it enters into fusion.

Silicium detonates with the hydrates of the fixed alka-

lies, producing a vivid incandescence at a temperature at

which they melt, but much below that of ignition. Hydro-

gen gas is given out, which is seen to burn when the bulk

of the mass is not too small. The same phaanomena are ob-

served with the hydrate of barytes. Incandescence also takes

place with the hydrate of lime ; but it is very feeble, and the

silicium is oxidated but imperfectly. With the acid fluate of

potash it detonates at the fusing temperature of the salt, that

is to say, much below a red heat: it is not affected by fused

borax.

Silicium heated to a perfect red in the vapour of sulphur

inflames and burns, but with less intensity than in oxygen

;

and the combination even does not take place with the incom-

bustible silicium. The sulphuration is usually as incomplete

as the oxidation, and a scorified mass is obtained of a dark

gray colour. It sometimes happens, however, jiarticularly

when a vacuum is made in the vessels before volatilizing tlie

K k 2 sulphur,
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sulphur, that the silicium becomes completely sulj)huretted,

at least in a pait of its mass. It then presents an earthy wliite

body, which, thrown into water, instantly dissolves in it with

the evolution of sulphuretted hydrogen. The silicium is con-

verted into silica which dissolves in the water; and if this is in

small quantity, a solution may be obtained so much concen-

trated, that it solidifies after a slight evaporation, and it

leaves the silica, after the desiccation, in a transparent fissured

mass. Silicium imperfectly sulphuretted also decomposes
water rapidly, with the disengagement of hydrogen, and solu--

tion of the silica in the water ; and the silicium which was not

combined with the sulphur becomes separated. In the air

the sulphuret of silicium diffuses a very strong smell of sul-

phuretted hydrogen, and loses in a little time all its sulphur
;

but in dry air it may be preserved a long time. At a red heat,

it contracts and shrivels up, yielding sulphurous acid and silica.

This change, however, takes place but slowly ; for when kept
at a red heat for some moments, it still has the property of
decomposing water.

The siliciuret of potassium readily combines with sulphur

at a red heat ; but if the mass is dissolved in water, there re-

mains much silicium, imless the mass be newly exposed to a
white heat, because the silicium then combines w^ith the sul-

phur at the expense of the potassium previously sulphuretted

at a more elevated temperature. This combination is a true

double sulphuret; its colour is of a dark brown, almost black.

It presents a melted mass which dissolves in water. It is dif-

ficult to say whether it dissolves without changing its nature;

but since the sulphuret of silicium is decomposed in water,

and sulphuretted hydrogen has a great affinity for the sul-

phuret of potassium, it is very probable that in the solution

there exists some silicate of potash with hydro-sulphuret of
the same alkali. The combinations of the sulphuret of sili-

cium with the metallic sulphurets, although they exist in the
dry way, cannot, it appears, exist in water.

It is certainly a very remarkable fact to see the silica dis-

solve in so great quantity in water at the moment of its forma-
tion, and lose this property by evaporation, so as to become
insoluble in acids. This great solubility, shown by the pre-
ceding experiments, explains the numerous crystallizations of
silica in the cavities of druses, which sometimes could not con-
tain a volume of liquid ever so little greater than the crystal it-

self Nevertheless, I do not pretend that the silica had been
in solution as in our example ; that is to say, that it was the
result of the decomposition of the sulphuret of silicium.

I did not succeed in combining phosphorus with silicium

by
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by bringing it into cqntact with the latter at a red heat. I

did not try any other process.

If sihciuni is heated in a current of chlorine, it takes fire and
continues to burn. If the gas contains atmospheric air, some
silica remains in the form of a slight skeleton. Silicium burns
equally well in chlorine, whether or not it has lost its combus-
tibility in the air. The product condenses and presents a yel-

lowish liquid when it contains an excess of chlorine, but which
is without colour when it is freed from this excess. This li-

quid is very fluid; it evaporates almost instantaneously when
exposed to the air, yielding white vapours, and leaving a re-

sidumii of silica. It has a very penetrating smell, which may
be compared in some degree to that of cyanogen. Thrown
into water, it floats on the top : it generally dissolves in it, or

leaves a little silica. If the quantity of the water is small, a

drop, for example, on as much chloride of silicium, this en-

velops it, and the silica remains in a frothy semi-transparent

mass. This liquid is analogous to the combinations of the

other electro-negative bodies with chlorine. It reddens lit-

mus paper: it is the second example known of a liquid com-
bhiation formed by silicium.

At common temperatures potassium has no action on chlo-

ride of silicium; but when heated in the vapour of the latter

substance it takes fire and produces a compound of potassium

and of silicium. The iodide of potassium does not combine
with silicium.

SiUcium is neither dissolved nor attacked by the sulphuric,

nitric, or muriatic acids, and not even by aqua regia. In its

combustible state it is slowly dissolved by fluoric acid with the

evolution of hydrogen ; but in losing its combustibility it loses

also the property of dissolving in this acid. It is, on the con-

trary, dissolved with rapidity, even in the cold, by a mixture

of the nitric and fluoric acids, nitrous gas being given out.

Combustible silicium is dissolved by digestion in a solution of

caustic potasli ; but when rendered incombustible, it is no
longer attacked by the alkalies in the humid way.

Silicium, when once isolated, combines with the metals with

much difficulty. Its remarkable affinity for platinum is known
by the experiments of M. Boussingault ; but it may be lieated

as often and as long as we choose in a platinum crucible,

without any combination taking place. But if we endea-

vour to reduce silicium by ])otassium in a platinum crucible,

the silicium penetrates deeply into the platinum wherever

this is touched by the j^otassium. Copper, silver, lead and tin,

heated with silicium by th<; blowpipe, do not seem changed
in tlicir appearance, nor in llieir ductility; notwithstanding

when
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when they are treated with acids they leave a small quantity

of silica. The copper, particularly, left a skeleton of the same
form as its own. It is here to be remarked that silicium,

which alone is not attacked by the acids, is oxidated by them
when its combinations with the metals are dissolved. We
have, however, a similar example already in rhodium, which,

though not attacked per se by aqua-regia, is dissolved by it

when alloyed with certain metals.

Titanium, which approaches so near to silicium in its pro-

perties, is also insoluble in acids in the metallic state (with the

exception of a mixture of the fluoric and nitric acids), whilst

it is oxidated and easily dissolved when alloyed with other

metals.

Silicium combines with potassium at a high temperature,

but without the evolution of a remarkable heat. It affords

two combinations ; one, with excess of potassium, of a dark-

gray, and which dissolves completely in water ; the other, with

less potassium, is obtained by the reduction before stated, or

by exposing the first to a very strong heat. It is besides pro-

bable that silicium may form with the metals combinations,

the proportions of which correspond with those of their sili-

cates.—I reserve these researches for another time.

Preparation of Silicium.

The combustion of potassium in silicated fluoric gas re-

quii'es apparatus which we have not always at hand. The
double salts, on the contrary, which fluoric acid forms with

silica and potash, or soda, afford very advantageous means of

preparing silicium. I did not observe any difference in the

use of one or the other of these salts. That of soda has how-
ever the advantage of containing under the same weight and
the same volume a greater quantity of the fluate of silica. This

salt is used in the following manner :—It is reduced to a fine

powder; and in case the desiccation has made its particles ad-

here, and also to expel the humidity that may remain, it is ex-

posed to a temperature as high as it can bear without being

decomposed, that is to say, much above 100°. It is then put

by layers with the potassium into a tube of glass closed at one

end, which is placed in such a manner as that all the mass

may be heated at the same time. We may, if we choose, melt

the potassium and mix it, by means of a rod of iron, with the

salt, and then heat the mass over a spirit-lamp. Even before

a red heat, the silicium is reduced with a slight hissing and

a feeble appearance of heat. No gas is disengaged when the

salt has been well dried. The mass is left to cool, and then

treated as before described. It ought however to be dissolved
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in a great quantity of water ; so that the liquid, which becomes
alkahne by the oxidation of the potassium, may be as dihited

as possible, and have less tendency to oxidate and dissolve the

silicium. It is for this reason that the mass ought not to be
treated with hot water,—that the liquid has not lost its alka-

line quality by the washing. It is afterwards boiled with
water, and washed with hot water until no stain is left by
the evaporation of a drop of liquid. For this purpose much
time is generally requisite, and much water must be used. The
silicium obtained by, this process contains hydrogen ; but in a
smaller quantity, however, and perhaps in the same manner
as the common charcoal of wood, which Davy considers as hy-
drogenated carbon. It contains also silica, which proceeds
principally from the potassium before the reduction, being oxi-

dated a little, and then separating a quantity of silica corre-

sponding to tire alkali formed : but the alkali which is formed
after the reduction, when it dissolves the mass in the water,

dissolves a portion of the double salt in excess, without se-

parating the silica from it. This silica ought to be taken away
by means of fluoric acid ; but as the silicium would dissolve

in the acid, we must begin by rendering it insoluble and m-
combustible : if it were made to burn in air, a portion of in-

combustible silicium would indeed be obtained after treat-

ment by fluoric acid ; but ordinarily two-thirds of it would
be lost by the combustion. This loss is prevented by heating

nearly to ignition the dried silicium containing hydrogen in

an open crucible : this degree of heat is maintained some time,

and then it i§ raised little by little to a perfect red heat. If

the silicium become inflamed, the crucible should be covered
directly, and the temperature lowered, which will instantly

stop tiie ccmibustion. When the calcination is finished, the sili-

cium is incombustible in air, and is no longer attacked by
fluoric acid, if it does not contain any foreign metal, iron or

manganese for example ; for in this case the alloy would be en-

tirely dissolved with disengagement of hydrogen. After ti'eat-

ment by the acid, the silicium is washed and dried. It might
be thought that this incombustibility is caused by an extremely
thui pellicle of silica; but I dried the silicium in a vacuum,
and tiien heated it to redness hi the air, and I did not find any
change of weight.

The silica may be reduced by heating it witli potassium

:

but it happens either that the combination, rich in potassium,

becomes eiuirely dissolved in the water; or else, when the heat

is suflicieiit to expel the excess of potassium, that the silicate

of potash l()rmed melts into a vitreous mass, and envelops

the silicium, which thence ac(|uires a clearer colour. Part of

the
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the silicate may be sepai'ated by means of water, but the re-

mainder can only be i-emoved by fluoric acid. The quantity of

silicium obtained is extremely small ; and this manner of ob-

taining it merits attention only because it gives the same re-

sult as the double salt when treated with potassium ; which
proves that the evolution of hydrogen that takes place when
the mass is treated by water is owing to the potassium, and
not to the combustible radical of fluoric acid. It is by the

process in question ih^t Davy endeavoured to reduce silica;

and he obtained with the mixed silicate of .potash only a brown
pulverulent matter, which dissolved in the water, giving it a
greenish-gray colour. I observed the same colour in the so-

lution ; but it disappears when this becomes clear.

1 passed silicated fluoric gas through a red-hot iron tube filled

with turnings of the same metal, and it was not sensibly ab-

sorbed. The turnings when taken out were of a nut-brown co-

lour, similar to that of silicium, and had the taste of fluate of

iron, in the places where the heat had had the most intensity.

This last having been dissolved by water, a perceptible pelli-

cle of silicium was left on the surface of the iron, but so thin

that it was not possible to separate it. We see by this ex-

periment that iron at a suflSciently elevated temperature has
an affinity strong enough to decompose the gas ; but that the

decomposition soon ceases, because the silicium which is de-

posited at the surface of the metal prevents its action. By
fusing in a covered iron vessel a mixture of very fine iron

filings with fluate of silica and potash, the salt was decom-
posed and converted into double proto-fluate of iron and pot-

ash : after having dissolved it in warm water, a combination
of iron and of silicium was left. I hoped to be able to sepa-

rate the iron by means of an acid ; but the silicium became
oxidated at the same time, although I employed the liquid

sihcated fluoric acid. In drying this alloy it oxidated more
quickly in the air than it dried, and was changed into an ochre
of a rusty yellow colour.

Composition of Silica.

Since silicium can be obtained in a direct manner, it was na-
tural to endeavour to ascertain its oxidation in a direct manner.
For this purpose I burnt ] 00 parts of pure silicium, dried in

a vacuum, by heating it with carbonate of soda. The mass,
treated by muriatic acid, evaporated to dryness, and strongly
heated, was dissolved in water, and left some silica coloured
gray by carbon, which, well washed and ignited, became snow-
white, and weighed 203'75. The solution obtained and the
waters of the washing were evaporated afresh, and the saline

residuum
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residuum heated to redness. Treating tliis with water, it still

gave a little silica, which, after the addition of a drop of am-
monia, took at the expiration of some hours a colour inclining

to a yellowish-brown : when heated to redness it weighed 1 '5
;

it had lost its dark colour, but it was not snow-white. With
soda it gave on platinum foil a faint but evident trace of
manganese. 100 pai'ts of silicium had consequently absorbed
105*25 of oxygen, and produced 20525 of silica. The experi-

ment was repeated on a portion of silicium on which fluoric

acid had been evaporated, in order to be more certain that all

the silica had been removed. 100 parts of silicium, previously

calcined to redness in the air, gave, by the process described

above, 207 of silica ; and by evaporation of the waters, 1 part

;

or in all, 208 of silica.

According to these two experiments, silica is composed of

Silicium 48-72 to 48*08

Oxygen . . . . 51-28 to 51-92

They both give a greater proportion of oxygen than that

which I found, according to the capacity of saturation of silica

for saline bases, and which is only 50"3.

But if we return to the analysis of the salts containing fluate

of silica, we shall be able to calculate the saturating capacity

of silicium according to the results which we have obtained

from it.

Of all these double salts, that of barytes is the most suitable.

The only uncertainty which could be met with in its analysis

arises from its retaining a little humidity which is not disen-

gaged until the moment of its decomposition. But the quan-
tity of it may be determined by melting the salt with oxide of

lead ; for the acid is retained, and the water only disengaged.

100 parts of the salt lost in this manner 0-85 of moisture.

100 parts of the same salt, weighed at the same time, gave,

according to the process described for the analysis of the

fluate of silica and barytes, 82-933 of sulphate of barytes, re-

presenting 54-428 of barytes. But according to the analysis

already known of the double fluate of silica and barytes, the

base is combined with three times more fluoric acid than in

the neutral fluate. It thence follows that the double salt is

formed of Barytes 54-428

Fluoric acid , . 22-836

Silica 21-886

Moisture .... 0-850

100-000

Tlie 54-428 parts of barytes are saturated by 7*612 of

fluoric acid; whence it follows that 15-224 of this acid were

Vol. 65. No. 324. April 1825. L 1 combined
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combined with 21-886 of silica, or that 100 of acid took 14.3*76

of silica. The filiate of silica is consequently composed of

Fluoric acid 4 1 -024 lOO'OO

Silica 58-976 143-76

But 100 parts of fluoric acid correspond to 74-7194 of oxy-

gen in each base that it saturates; consequently this quantity

of oxygen ought to be contained in the 143-76 of silex which

the acid saturates, and the composition of silica should be

Silicium 48-025 100-00

Oxygen 51-975 108-22

This proportion comes very near to that obtained by sjTi-

thesis, but it is difficult to say on which side the greatest errors

of observation aie to be found. According to what precedes,

the weight of the atom of silicium, supposing that the silica

contains three atoms of oxygen, would be 277-2, and, accord-

ing to the best of the two synthetic experiments, 277-8. The
other would carry it to 285 ; but this number by all appear-

ance is too great. It exceeds by If per cent that which had
been adopted at first ; which is so well suited for the new and
most exact analyses of minerals, that if they were calculated

according to the determination which we have just given, they

would render an excess of silica necessary. But I must re-

mark on this head, that a mineral is rarely found of which si-

Mca does not form an essential component, which does not yet

contain from ^ to 2 per cent of it, and even more, either in the

state of quartz or in that of another siliceous mineral. This
circumstance must take place so much the more with the mi-
nerals which have silica for one of theii' elements ; and conse-

quently all that quantity of it which is found above what the

calculation gives should be attributed to a siliceous mixture
existing in the mineral.

As to the number of atoms of oxygen contained in silica;

the new facts do not furnish us with the means of determining
this point. The circumstance that the carburetted silicium

produces when burned an equal weight of silica, leads us to

consider it as a quadricarburet, which by burning would give
an oxide at three atoms of oxygen ; but as I have notbeen
able to isolate the carburet of silicium, nor to burn it com-
pletely, this result, although obtained in several experiments,
and with silicium produced by different operations, has not
the certitude it ought to have, to be admitted as a proof. It

ought notwithstanding to be considered as affording a strong
presumption that silica contains three atoms of oxygen, so far

as our knowledge respecting the crystalline form of bodies fur-

nishes us with the means ot deciding on the number of atoms
of which oxides are formed. For the expression of the com-

position
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position of the silicates by formulae, it would certainly be more
simple to consider silica as formed of an atom of silicium and
an atom of oxygen ; but it then would be difficult to conceive
the existence of the silicates which contain six times the oxy-
gen of the base, as in the apophyllite,—in which an atom of

potash would then be combined with 1 2 atoms of silica.

To conclude : It still remains to be decided to what class of
simple bodies silicium belongs. Since it has no lustre, nor
the property of conducting electricity in the state in which it

has hitherto been obtained, it is evident that it cannot be
classed among the metals, and that its properties bring it near
to boron and carbon. Some systematical philosophers will

in consequence, doubtless, give it the name of silicori, to indi-

cate by its termination the class of combustibles to which it

should be referred. But I look upon this denomination as use-

less ; for thei'e is not any true limit between the metals and
the metalloids. Carbon possesses the metallic lustre, and
conducts electricity, but it is not considered as a metal ; and
if silicium could be melted, it then perhaps would have these

properties, which it does not possess in a pulverulent state.

Uranium, under this last form, can be distinguished but with
difficulty by its appearance from silicium ; and when crystal-

lized, on the contrary, it has the metallic lustre and is trans-

parent on the thinnest edges. Columbium and titanium also

approach silicium by their chemical properties ; and would it

not be well to separate them from the metals, in order to unite

them to the metalloids,—that is to say, to the non-metallic com-
bustible bodies ? I only wish to show, by these remarks, that

there is no natural limit between these bodies ; and that when
their electric relation only is considered as exact, it is quite

indifferent whether we place a combustible body among the

metals or not.

—

{Annalai der Physik und Chemie.)

XLIII. A Letter from the Rev. W. Kirby in explanation of
his Remarks upon the Notice, given in the Philosophical Ma-
gazine, ofMr. W. S. MacLeay's Paper on the Tarsi of cer-

tain Insects.

To the Editor of the Philosophical Magazine and Journal.

Dear sir, Wel>b's Hotel, Piccadilly, April 14, 1825.

¥T gives me j^rcat pain and concern to learn that some gen-
^ tlemen have regarded my remarks upon your statement of

the ol)ject ofMr.W. S. MacLeay's paper "On the Structure of

the Tarsus in theTetranierousandTrimerousCeleopteraof the
French Entomologists," in a Hglit very different from what \

intended, and as having the air of an attack upon him. I

L 1 2 hasten
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hasten therefore to remove any misconception of this kind, both

for his sake and my own ; for nothing was further from my in-

tention tlian to attack a friend wlioni I have so long and so

highly esteemed, both for his personal qualities, his natural ta-

lents, and the extensive range of his learning and knowledge.

That I could have no such intention will be evident when
I state that in the first instance I sent him the substance of

the remarks which you have inserted in your Magazine, with

the exception of that relating to De Geer, requesting him to

put them into any form that might be agreeable to him, and
insert them himself; but as it appeared to him that this would

be committing himselfwith the Linneean Society, he declined it.

With regard to De Geer, I regret exceedingly that I inad-

vertently and too hastily assumed that Mr. MacLeay was not

aware of his having mentioned and figured the accessory joint

at the base of the claw-joint of Coccinella ; an error into which
I was led by the mode in which the subject of Mr. MacLeay's
paper was stated, and by the circumstance of having myself^

subsequently to my first letter, observed to him that De Geer
(of which, as I said, I was not then any more than himself

aware) had noticed the joint in question.

I hope this will be deemed in some degree an extenuation of

my error in building upon a foundation apparently so slight.

I must here also observe, that De Geer invariably looked

upon Coccinella as being trimerotis, as appears in almost every

passage in which he has mentioned it, and in the explanation

of this very plate ; so that he regarded this not as a jiriviai-y

but as a secondary joint, or the joint of a joint, as I am dis-

posed to do myself; and therefore in the Introduction to En-
tomology, and upon other occasions, 1 speak of the Chysomelidce,

&c. as tetravierous, and the Coccinellidcc as trimerous.

I also regret, when I said that the third volume of the work
just alluded to had been " some time printed," that I did not

add, " but not yet published." But since this last fact ap-

peared to me to be universally known, it did not occur to me
that this was necessary. It has, however, been observed to

me, that some readers of your Magazine may possibly not

have been aware of this circumstance. To do away any im-
pression that may have thus been produced, I beg leave to

state that Mr. MacLeay has never seen that part of my work
in which the observations on the tarsi of tetramerous and tri-

merous insects copied in your Magazine are contained, and
that I beheve him incapable of knowingly appropriating to

himself tiie honour that belongs to another.

I am, dear sir, yours, &c.

Wm, KlUBY.
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XLIV. On the Action ofJmely-divided Platinum on Gaseous
Mixtures, and its Applicatio7i to their Analysis. By Wm.
Henry, M.D. F.R.S*

^JEVERAL years have elapsed since the President of the^ Royal Society, in the further prosecution of those re-
searches on flame which had already led him to the most im-
portant practical results, discovered some new and curioxis

phaenomena in the combustion of mixed gases, by means of fine

wires of platinum introduced into them at a temperature be-
low ignition. A wire of this sort being heated much below
the point of visible redness, and immersed in a mixture of
coal gas and oxygen gas in due propoi'tions, immediately be-
came white-hot, and continued to glow until all that was in-

flammable in the mixture was consumed. The wire, I'epeatedly

taken out of the mixture and suffered to cool below the point
of redness, instantly I'ecovered its temperature on being again
plunged into the mixed gases. The same phaenomena were
produced in mixtures of oxygen with olefiant gas, with car-

bonic oxide, with cyanogen, and with hydrogen ; and in the
last case there was an evident production of water. When
the wire was very fine, and the gases had been mixed in ex-
plosive proportions, the heat of the wire became sufficiently

intense to cause them to detonate. In mixtures which were
non-explosive from the I'edundancy of one or other gas, the
combination of their bases went on silently, and the same che-
mical compounds were formed as by their rapid combustion.

Facts analogous to these were announced in the autumn of
last year by Professor Doebereiner, of Jena, with this addi-

tional and striking circumstance,—that when platinum in a
spongy form is introduced into an explosive mixture of oxy-
gen and hydrogen, the metal, even though its temperature had
not been previously raised, immediately glows, and causes the

union of the two gases to take place, sometimes silently, at

others with detonation. It is remarkable, however, that pla-

tinum in this form, though so active on mixtures of oxygen
and hydrogen, produces no effect, at common temperatures,

on mixtures ofoxygen with those compound gases, which were
found by Sir Humphry Davy to be so readily acted upon by
the heated wire. Carbonic oxide appears indeed, from the

statement of MM. Dulong and Thenard, to be capable of uni-

ting with oxygen at the temperature of the atmosphere, by
means of the sponge ; but though this is in strictness true, yet

the combination, in all llie experiments I have made, has been
extreniely slow, and the due diminution of volume has not

* From the I'hil. Trans, for 1824, Part II.

' been
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Deen completed till several days have elapsed. On mixtures

of olefiant gas, of carburetted hydrogen, or of cyanogen, with

oxygen, the sponge does not by any duration of contact exert

the smallest action at common temperatures.

It was this inefficiency of the platinum sponge on the com-

pounds of charcoal and hydrogen in mixture with oxygen,

while it acts so remarkably on common hydrogen, and also,

thouo-h slowlj', on carbonic oxide, that suggested to me the

possibility of solving by its means some interesting problems

in gaseous analysis. I hoped more especially to be able to

separate from each other the gases constituting certain mix-

tures, to the compositions of which approximations only had

been hitherto made, by comparing the phaenomena and results

of their combustion with those which ought to ensue, suppos-

ing such mixtures to consist of certain hypothetical propor-

tions ofknown gases. It might, for instance, be expected that

from a mixture of hydrogen and carburetted hydrogen with

oxygen, the platinum sponge would cause the removal of the

hydrogen, leaving the carburetted hydrogen unaltered. To
ascertain this and a variety of similar facts, I made artificial

mixtures of the combustible gases in known volumes ; and sub-

mitted them, mixed with oxygen, sometimes to contact with

the sponge, and sometimes with the balls made of clay and

platinum, described by Professor Dcebereiner.

Section I.

On the Action of finely-divided Platinum on Gaseous Mix-
tures at common Temperatures.

I. Mixtures ofHydrogen and Olefiant Gases "with Oxygen.

When to equal volumes of olefiant gas, and an explosive

mixture (which is to be understood, whenever it is so named,
as consisting of two volumes of hydrogen and one ofoxygen
gases), one of the platinum balls, recently heated by the blow-

pipe, and allowed to cool during eight or ten seconds, is in-

troduced through mercury, a rapid diminution of volume takes

place; the whole of the hydrogen and oxygen gases is con-

densed ; but the olefiant gas is either not at all or very little

acted upon. In a few experiments when the tube was narrow,

and the quantity of mixed gases small, the olefiant gas escaped

combustion entiiely; but, in general, an eighth or tenth of it

was converted into water and carbonic acid. It is difficult,

however, to state the precise proportion of any gas which,

when added to an explosive mixture, renders the latter insen-

sible to the action of the balls or sponge ; for much depends
on
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on their temperature when introduced into the gaseous mix-
ture, the diameter of the containing vessel, and other circum-
stances, which, in comparing different gases, should be so re-
gulated as to be equal in every case.

When the proportions of the gases are changed, so that the
explosive mixture exceeds in volume the defiant gas, there is a
more decided action upon the latter, manifested by an increased
production of carbonic acid. Thus, for example, the explo-
sive mixture being to the olefiant as 2\ to 1,-about one-fourth of
the olefiant gas was consumed ; and by increasing the propor-
tion of the explosive mixture the olefiant gas was still more
acted upon. On using oxygen sufficient to saturate both the
liydrogen and the olefiant gases, the ball acted much more
rapidly: in several instances it became red-hot; all the hydro-
gen was consumed ; and the whole of the olefiant gas was
changed into water and carbonic acid. In this case the use
of the sponge is inadmissible, as it kindles the gases, and oc-
casions their detonation.

II. Mixtures ofHydrogen and Carburetted Hydrogen Gases mth
Oxygen.

When carburetted hydrogen, procured from stagnant water,
was added to an explosive mixture, in various proportions be-
tween equal volumes, and ten of the former to one of the lat-

ter, the action of the hydrogen and oxygen on each other took
place as usual, on admitting one of the balls. When, revers-
ing the proportion, the explosive mixture was made to exceed
the carbm-etted hydrogen, but not more than four or five times,
tlie latter gas was entirely unchanged. With a larger pro-
portion of the explosive mixture carbonic acid was always
found to have been produced ; but still the carburetted hydro-
gen was very imperfectly consumed ; and fully three-fourths
of it were generally found to have escaped unburned.
When to a mixture of hydrogen and carburetted hydrogen,

oxygen enough was added to saturate both gases, the effect of
the sponge was found to vary with the proportion of the sim-
ple hydrogen. In several cases, where the hydrogen did not
exceed the carburetted hydrogen more than four times, the
latter gas remained unchanged; when in larger proportion,
there was a decided action upon the carburetted hydrogen.
But it was much more easy to regulate the action of the balls

upon sucli a mixture so as to act upon the hydrogen and oxy-
gen only, than in the case of olefiant gas, which, under similar
ciicumstances, is always more largely converted into water
and carbonic acid.

III. Mixtures
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III. Mixtures ofHydrogen and Carbonic Oxide with Oxygen.

The addition ofone volume ofcarbonic oxide to two volumes

of an explosive mixture produces a distinct effect in suspending

the action of the platinum balls, and even of the spongy metal

itself. The action of the gases upon each other still, however,

goes on slowly, even when the carbonic oxide exceeds the ex-

plosive mixture in volume ; and after the lapse of a few days

the oxygen is found to have disappeared, and to have partly

formed water, and partly cai'bonic acid. I made numerous

experiments to ascertain whether the oxygen, under these cii"-

cumstances of slow combustion, is divided between the car-

bonic oxide and the hydrogen in proportions corresponding to

the volumes of those two gases. The combustible gases be-

ing in equal volumes, and the oxygen sufficient to saturate

only one of them, it was found that the oxygen which had

united with the carbonic oxide was to that which had com-
bined with the hydrogen as about 5 to 1 in volume. In-

creasing the carbonic oxide, a still larger proportion of oxy-

gen was expended in forming carbonic acid. On the con-

trary, when the hydrogen was increased, a greater proportional

quantity of oxygen went to the formation of water. But it

was remarkable, that when the hydrogen was made to exceed

the carbonic oxide four or five times, less oxygen in the whole

was consumed than before ; the activity of the carbonic oxide

appearing to have been diminished, without a corresponding

increase in that of the hydrogen.

In cases where the proportion of the carbonic oxide to the

explosive mixture was intentionally so limited that the platinum

ball was capable of immediately acting upon the latter, the

carbonic oxide was always in part changed into carbonic acid,

the more abundantly as its volume was exceeded by that of

the explosive mixture. Increasing the oxygen, so that it was
adequate to saturate both gases, and causing the hydrogen to

exceed the carbonic acid in volume, a speedy action was al-

ways exerted by the ball, and the whole of the combustible

gases was silently converted into water and cai'bonic acid.

The inti-oduction of the platinum sponge into such a mixture

was almost always found to produce detonation.

IV. Mixtures of Hydrogen and Cyanogen mth Oxygen.

When one of the platinum balls, after being recently heated,

is introduced into cyanogen and explosive mixture in equal
volumes, no apparent action takes place. With half a volume
of cyanogen there is a slight dimhiution ; and as we reduce the

proportion



h}j Means, of Dcebereiner's Eudiometer. 273

proportion of that gas, the action of the elements of the ex-
plosive mixture on each other becomes more and more dis-

tinct. There is not, however, as with carbonic oxide, any
production of carbonic acid ; but in the course of a few mi-
nutes the inside of the tube becomes coated with a brownish
substance, soluble in water, and communicating to it the same
colour ; having a smell resembling tliat of a burnt animal
substance, and yielding ammonia on the addition of a drop
or two of liquid potash. It was prcxluced in too small a quan-
tity to enable me to submit it to a more minute examination

;

but its characters appeared to resemble those of a product ob-

tained by M. Gay-Lussac by mixing cyanogen with ammonia-
cal gas.

If oxygen be added to a mixture of hydrogen and cyano-

gen, in quantity sufiicient to saturate both the gases, it is still

necessary, in order that an immediate effect should be pro-
duced by the sponge, that the hydrogen should exceed the

c\'anogen in volume. A decided actioji then takes place: an
immediate absorption ensues; fumes cf nitrous acid vapom-
appear, which act on the surface of the mercury ; and after

removing the nitrous acid by a drop or two of water, and trans-

ferring the gas into a dry tube, carbonic acid is found to have
been produced, equivalent in volume to double that of the cy-

anogen.

\. Fff(:ct of adding various other Gases to an Explosive Mix-
ture of Hydrogen and Oxygen^

It had been already ascertained by Professor Doebereiner,

that one volume of oxygen dilutCvl with 99 volumes of nitro-

gen is still sensible, whee mixed with a diie proportion of hy-

drogen, to the action of the sponge. Carbonic acid also, even

(I find) when it, exceeds the explosive mixture ten times, re-

tards only in a slight degree the energy of the sponge. Oxy-
gen, hythogen, and nitrous oxitle gases, when employed to

dilute an explosive mixture, are equally inelHcient in prevent-

ing the mutual action of its ingredients. Ammonia may be

added in ten times the volume of the explosive mixture, and*

Mun'iatic aciti gas in six times its volume, with no other effect

than that of rendering the action of the sponge less speedy.

VI. Mixtures of Carbonic Oxide and Carburctted Hydrogen
•with Oxygen.

When mixtuies of these gases are exposed to the sponge,

the carburctted hydrogen seems to stand entirely neutral. The
carbonic oxiile is converted into carbonic acid, in the same
gradual manner as if it iiad been mixed with oxygen only; and
the cnrbuii'tlfd hvdr<»geu ronmins unaltered.

V'(.l. <>.->. No. ;)'}l. .'/yj// J8'2.1. Mm VII. M/j-
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VII. Mixtures of Hydrogen, Carbnretted Hydrogen, and Car-

bonic Oxide icit/i Oxygen.

In mixtures of these gases, it is of little consequence whether

the oxygen be sufficient for the hydrogen antl carbonic oxide

only, or be adequate to the saturation of all three. The circum-

stance which has the greatest influence on tlie results of ex-

posing such mixtures to the sponge, is the pi'oportion which

the simple hydrogen bears to the other gases, and especially

to the carbonic oxide ; for in order that there may be any im-

mediate action, the former should exceed the latter in volume.

In that case the hydrogen is converted into water, and the

carbonic oxide into carbonic acid ; but the carbnretted h\ dro-

gen, unless the excess of hydrogen be very considerable, re-

mains unaltered. If the proportion of hydrogen be so small

that no immediate action is excited by the sponge, the ingre-

dients of the mixture nevertheless act slowly upon each other;

and after a few days the whole of the hydrogen and carbonic

oxide are found to have united with oxygen, and the carbu-

retted hydrogen to remain of its original volume.

\'^III. Mixtures of Hydrogen, Carbonic Oxide, and Olefiant

Gases li'ii/i Oxygen.

When the oxygen, in a mixture of these gases, is sufficient

to saturate the two first only, and the proportion of hydrogen
is so adjusted that the action of the sponge is not very ener-

getic, the hydrogen and carbonic oxide only are acted upon;
but if the diminution of volume, which the sponge produces,

be rapid and considei'able, part of the defiant gas is converted
into water and carbonic acid. This effect on olefiant gas takes

place still more readily if the oxygen present be adequate to

the saturation of all three combustible gases.

It is remarkable, that if to a mixture of hydrogen, carbonic

oxide, and oxygen, in such proportions that the sponge would
act rapidly in producing combination, olefiant gas be added,
the action of the gases on each other is suspended. Thus 20
measures of carbonic oxide, 31 of h3'drogen, and 20 of oxy-
gen, were instantly acted upon by the sponge ; but the addi-

tion of 20 measures of olefiant gas to a similar mixture en-
tirely suspended its efficiency. By standing fourteen days,

rather more than half the carbonic oxitle was acidified, and
about one-twelfth of the hydrogen was changed into water, but
the olefiant gas remained unaltered.

IX. Mixtures ofHydrogen, Carbonic Oxide, Carburettcd Hy-
drogen, and Olefiant Gases tvit/i Oxygen.

In mixtures of these four gases with oxygon, it was foinul
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by varying the proportion of hydrogen, that hydrogen and
carbonic oxide are most easily acted upon ; then olefiant gas;
and carburetted hydrogen with the greatest difficulty. When
the action of the sponge was moderate, only the hydrogen and
carbonic oxide were consumed, or at most the olefiant gas was
but partially acted upon. Adding more hydrogen, so as to
occasion a more rapid diminution, the olefiant gas also was
burned ; but the carburetted hydrogen always escaped com-
bustion, unless the hydrogen were in such proportion that the
ball or sponge became red-hot.

From the facts which have been stated, it appears that when
the compound combustible gases, mixed with each other, with
hydrogen, and with oxygen, are exposed to the platinum balls

or sponge, the several gases are not acted upon with equal
facility ; but that carbonic oxide is most disposed to unite with
oxygen ; then olefiant gas ; and lastly, carburetted hydrogen.
By due regulation of the proportion of hydrogen, it is possible

to change the whole of the carbonic oxide into carbonic acid

without acting on the olefiant gas or carburetted hydrogen.
With respect indeed to olefiant gas, this exclusion is attended
with some difficulty, and it is generally more or less con-
verted into carbonic acid and water. But it is easy, when
olefiant gas is absent, so to regulate the proportion of hydro-
gen, that the carbonic oxide may be entirely acidified, and the

whole of the carburetted hydrogen be left unaltered. This
will generally be found to have been accomplished, when the

platinum ball has occasioned a diminution of the mixture, at

about the same rate as atmospheric air is diminished by ni-

trous gas when the former is admitted to the latter in a nar-

row tube.

Section II.

On the Effect offinely-divided Platinum on Gaseous Mixtures
at increased Temperatures.

The effect of varying the proportion of free hydrogen to the

compound combustible gases, on the degree of action which
is excited by the platinum sponge, will perhaps admit of be-

ing explained, by examining the facts that have been stated,

in connexion with the degrees of combustibility of the com-
pound gases under ordinary circumstances. The precise de-

gree of temperature at which any one of them burns is not

known, on account of the imperfection of our present methods
of measuring high degrees of heat. It has been ascertained,

however, by Sir Humphry Davy, that at a heat between that

of boiling mercury and that which renders glass luminous in

the dark, hydrogen and oxygen gases unite silently, and with-

M m 2 out
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out any light being evolved; that carbonic oxide is as inflam-

mable as hydrogen ; that olefiantgas is fired by iron and char-

coal heated to redness; but that carburetted hydrogen, to be in-

flamed, requires that the wire should be white-hot. Now^

this is precisely the order in which the three compound gases

require hydrogen to be added to them, in order to be rendered

susceptible of being acted upon by the platinum sponge

;

carbonic oxide being acted upon with the smallest proportion

of hydrogen, olefiant gas requiring more hydrogen, and car-

buretted hydrogen a still larger proportion. It is extremely

probable then, that the temperature, produced by the union of

the hydrogen and oxygen forming part of any mixture, is the

circumstance which determines the combustible gases to unite,

or not, with oxygen, by means of the sponge. It was desirable,

however, to ascertain the exact temperatu're at which each of

those three gases unites widi oxygen with the intervention of

the spongy platinum. For this purpose the gases, mixed with

oxygen enough to saturate them, were severally exposed in

small retorts containing a platinum sponge, and immersed in

a mercurial bath, to a temperature which was gradually raised

till the gases began to act on each other. In this way the fol-

lowing facts were determined.

1st. Carbonic oxide began to be converted into carbonic

acid at a temperature between 300° and 310° Fahrenheit. By
raising the temperature to 340°, and keeping it at that point

for 10 or 15 minutes, the whole of the gas was acidified, the

condensation of volume in the mixture being equivalent to the

oxygen which had disappeared.

2d]y. Olefiant gas, mixed with sufficient oxygen, and in

contact with the sponge, showed a commencement of decom-
position at 480° Fahrenheit, and was slowly but entirely

changed into carbonic acid by a temperature not exceeding
520° Fahrenheit. MM. Dulong and Thenard state the same
change to take place at 300° Cent. = 572° Fahrenheit; but
having repeated the experiment several times, I find no reason
to deviate from the temperature which I have assigned.

3dly. Carburetted hydrogen, exposed under the same cir-

cumstances, was not in the least acted upon by a temperature
of 655° Fahrenheit, the highest to which, by an Argand's
lamp, I was able to raise the mercurial bath. This, however,
must have been near the temperature required for combination

;

for on removing the retort from the mercurial bath, and ap-
plying a spirit lamp, at such a distance as not to make the re-
tort red-hot, a diminution of volume commenced, and conti-
nued till all the carburetted hydrdgen was silently converted
into water and carbonic acid.

4th ly.
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4tlily. Cyanogen, similarly treated, was not changed at a tem-

perature of 555° Fahrenheit ; and on applying the flame of a

spirit lamp to the tube, it produced no action till the tube ber

gan to soften.

5thly. Muriatic acid gas, mixed with half its volume ofoxy-
gen, began to be acted upon at 250° Fahrenheit. Water was
evidently formed ; and the disengaged chlorine, acting upon
the mercurial vapour in the tube, formed calomel, which was
condensed, and coated its inner surface.

6thly. Ammoniacal gas, mixed with an equal volume ofoxy-

gen, showed a commencement of decomposition at 380° Fah-
renheit. Water was also in this case distinctly generated

;

and at the close of the experiment nothing remained in the

tube but nitrogen and the redundant oxygen.

I proceeded, in the next place, to examine the agency of

finely-divided platinum at high temperatures, on those mix-
tures of gases, which are either not decomposed, or are slowly

decomposed, at the temperature of the atmosphere.

When carbonic oxide and hydrogen gases, in equal volumes,

mixed with oxygen suflicient to saturate only one of them,

were placed in contact with the sponge, and gradually heated

in a mercurial bath, the mixture ceased to expand between
300° and 310° Fahrenheit, and soon began to diminish in vo-

lume. On raising the temperature to 340°, and keeping it

some time at that point, no further diminution was at length

perceptible. From the quantity of carbonic acid remaining

at the close of the experiment, it appeared that four-fifths of

the oxygen had united with the carbonic oxide, and only one-

fifth with the hydrogen. When four volumes of hydrogen,

two of carbonic oxide, and one of oxygen, were similarly treat-

ed, the hydrogen, notwithstanding its greater proportional vo-

lume, was still found to have taken only one-fifth of the oxy-
gen, while four-fifths had combined with the cai'bonic oxide.

These facts show that at temperatures between 300° and
340° Fahrenheit, the affinity of carbonic oxide for oxygen is

decidedly superior to that of hydrogen ; as, from the experi-

ments before described, appears to be the case, also, at com-
mon temperatures.

But a similar distribution ofoxygen, between carbonic oxide

and hydrogen, does not take place, when those three gases

are fired together by the electric spark. This will appear from

the following table, in which the three first columns show the

quantities of gases that were fired, and the two last, the quan-

tities of oxygen that were found to have united with the car-

bonic oxide and with the hydrogen.

Exp.
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Before Firing. After Firing.

Measure of Measure of Measure of Oxygen to Oxygen to

Carb. Oxide. Hydrogen. Oxygen. I Carb. Oxide. Hydrogen,

1.



6
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1st. By subjecting 25 measures of carbonic oxide, 15 of

defiant gas, and 57 of oxygen, in contact with the sponge, to

a heat which was not allowed to exceed 350° Fahrenheit till

the diminution of volume ceased, all the carbonic oxide was

converted into carbonic acid, and the olefiantgas remained in,

its original volume.

2nd. By exposing in a similar manner 20 measures of car-

bonic oxide, 21 of carburetted hydrogen, and ;5G of oxygen,

to a temperature below 400° Fahrenheit, the carbonic oxide

was entirely acidified ; and on washing out the carbonic :>.citl

by liquid potash, the carburetted hydrogen was found unalter-

ed, mixed with the redundant oxygen.

3rd. A mixture of 10 measures of olefiant gas, 10 of car-

buretted liydrogen, and 58 of oxygen, being heated in contact

with the sponge to 510° Fahrenheit, the oleMant gas was si-

lently but entirely changed into carbonic acid, while the car-

buretted hydrogen was not at all acted upon.

-Ith. By acting .with the sponge upon 42 measures of car-

buretted hydrogen, 22 of carbonic oxide, 22 of hydrogen, and

28 ofoxygen, first at a temperature of 340° Fahrenheit, which >

was raised gradually to 480°, all the carbonic oxide was changed

into carbonic acid, and all the hydrogen into water ; but the

carburetted hydrogen remained undiminished in <iuantity,

and was found, after removing the carbonic acid, mixed only

with the redundant oxygen. In this experiment the dimi-

nution of volume had continued some time before there was
any perceptible formation of water, the attraction of carbonic

oxide for oxygen appearing to prevail over that of liydrogen.

The same precedency in the formation of carbonic acid is al-

ways apparent when carbonic oxide and hydrogen, mixed
even with oxygen enough to saturate both gases, are raised to

350° Fahrenheit.

By thus carefully regulating the temperature of the mer-

curial bath, the action of oxygen upon several gases (carbonic

oxide, olefiant, and carburetted hydrogen, for example,) may
be made to take place in succession ; and by removing the car-

bonic acid formed at each operation, it may be ascertained

how nuich of each of the two first gases has been decomposed.

The carburetted hydrogen indeed always remains r.nchanged,

and its quantity must be determined by firing it with oxygen
by the electric spark. If hydrogen also be present, it is difli-

cult to prevent the olefiant gas trom being partially acted up-

on ; but this is of little consequence, as I had shown that it is

easy to remove that gas in the first instance by chlorine. It

irmy be remarked, that this method of operating on the aeri-

/orm compounds of charcoal gives more accurate results than

rapid
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rapid combustion by the electric spark, being never attended
with that precipitation of charcoal which is often observed
when the gases are exploded with oxygen. A regulated tem-
pei'ature also effects the analysis of such mixtures much more
correctly than the action of the sponge or balls, because in the
latter case the heat produced is uncertain; and though some-
times adequate to the effect, yet there is always a risk that it

may exceed or fall short of that degree which is required for

the successful result of the analytic process.

From the facts which have been stated, I derive a method of
obtaining carburetted hydrogen gas perfectly free from ole-

fiant gas, hydrogen, and carbonic oxide, and mixed only with

a little oxygen, which, had it been necessary to my purpose,

might also have been separated. The early product of the

distillation of pit-coal was washed with a watei'y solution of
chlorine, and afterwards with liquid potash, to remove a little

chlorine that arose into the gas from the solution. The re-

siduary gas was next heated with one-fourth of its volume of

oxygen at the temperature of 350° Fahrenheit, in contact with

the sponge, which converted the carbonic oxide into carbonic

acid, and the hydrogen into water. The carbonic acid being
removed by liquid potash, there remained only the carburetted

hydrogen, the redundant oxygen, and a very minute quantity

of nitrogen introduced by the latter gas. Hitherto I have
prepared this gas only in a small quantity ; but it would be
easy to extend the scale of the operation, and to remove the

excess of oxj^gen by obvious methods.

Section III.

Application of the Facts to the Analj/sis ofMixtures of the com-

bustible Gases in unknown Proportions.

At an early period of the investigation described in the

first section, I jiroceeded to apply the facts of which I was
then possessed, to the analysis ofa mixture ofgases in unknown
proportions. For this purpose I caused a quantity of gas to

be collected from coal, by continuing the application of heat

to the retorts two hours beyond the usual period and receiving

the gas into a separate vessel. Gas of this quality was pur-

posely chosen, because from former experience I expected it

to contain free hydrogen, carbonic oxide, and carburetted hy-

drogen, but no olefiant gas; the production of which is con-

fined to the early stages of the progress. After washing it

therefore with liquid potasli to remove a little carbonic acid,

and ascertaining its specific gravity, when thus washed, to be

Vol. 05. No. 324. April 1825. N a 308,
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308, I proceeded at once to subject it to the new method of

analysis.

Having ascertained by a previous experiment with Volta's

eudiometer that 1 volumes of the gas required for saturation

9 volumes of oxygen, I mixed 43 measures with 43 of oxygen

(=41 pure), and passed a platinum ball, which had been re-

cently heated, into the mixture. An immediate diminution of

volume took place, attended with a production of heat and

formation of moisture. The residuary gas, cooled to the tem-

perature of the atmosphere, measured 43*5 volumes. Of
these, 4*5 were absorbed by liquid potash, indicating 4'5 cai-

bonic acid, equivalent to 4*5 carbonic oxide : the rest, being

fired in a Volta's eudiometer, with an additional quantity of

oxygen, gave 1 1 volumes of carbonic acid ; the diminution

being 22 volumes, and the oxygen consumed 22 also—circum-

stances which prove that 11 volumes of carbu retted hydrogen
were consumed by this rapid combustion. But of the loss of

volume first observed (viz. 86— 43*5= 42*5), 2*25 are due to

the carbonic acid formed ; and deducting this from 42*5 we
have 40*25, which are due to the oxygen and hydrogen, con-

verted into water; and 40*25 x f =26*8 shows the hydrogen
in the original gas. But the sum of these numbers (26*8 +
4'5+ll) being less by 0*7 than the volume of gas submitted

to analysis, we may safely consider that fraction of a measure
to have been nitrogen. The composition then of the mixture
will stand in volumes as follows

:

Hydrogen 26-8 62*32

Carbonic oxide 4*5 10*50

Carburetted hydrogen . . . . 11*0 25*56

Nitrogen 07 1*62

43*0 100-0

On calculating what should be the specific gravity of a

mixture of gases in the above proportions, it was found to be

303; which coincides as nearly as can be expected with the

actual specific gravity of the gas submitted to analysis, viz.

308. To place the correctness of the results beyond question,

I mingled the gases in the above proportions, and acted on
the artificial mixture in the same manner as on the original

gas; when I had the satisfaction to find that the analytical pro-

cess again gave the true volumes with the most perfect cor-

rectness for the hydrogen and carbonic oxide, and within the

fraction of a measure for the carburetted hydrogen. Notwith-
standing this successful result, which was twice obtained, I

should still prefer, for the reason which has been stated, hav-
ing recourse to a temperature carefully regulated, for the ana-

lysis of similar mixtures, in all cases where the hydrogen is in

moderate
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moderate proportion, and where great accuracy is desirable.

Whenever (it may again be remarked) olefiant gas is present

in a mixture, it should always be removed by chlorine before

proceeding to expose the mixture to the agency of the spongy
metal.

It can scarcely be necessary to enter into further details re-

specting methods of analysis, the application of which to par-

ticular cases must be sufficiently obvious from the experiments

which have been described on artificial mixtures. The ap-

paratus required is extremely simple, consisting, when the balls

are employed, ofgraduated tubes of a diameter between 0*3 and
0'6 of an inch, or, when an increased temperature is used, of

tubes bent into the shape of retorts, of a diameter varying with

the quantity of gas to be submitted to experiment, which may
be from half a cubic inch to a cubic inch or more. These when
in use may be immersed in a small iron cistern containing

mercury, and provided with a cover in which are two holes,

one for the tube and the other for the stem of a thermometer,

the degrees of which are best engraved on the glass.

By means of these improved modes of analysis, I have al-

ready obtained some interesting illustrations of the nature of

the gases from coal and from oil. I reserve, however, the

communication of them till I have had an opportunity of pur-

suing the inquiry to a greater extent, and especially of satis-

fying myself respecting the exact nature of the compound of

charcoal and hydrogen, discovered some years ago by Mr.Dal-
ton, in oil gas and coal gas, which agrees with olefiant gas in

being condensible by chlorine, but differs from it in affording

more carbonic acid and consuming more oxygen.

XLV. Remarks respecting Mr. Vanuxem's Memoir on a Fused

Product, erroneously Identijcd mth the Fused Carbon of

Professor Sii-li-Man ; vcith some additional Facts and Obser-

vations* By Dr. Robert Hare.

To Alexander Tilloch and R. Taylor, Esqs. Editors of the

Philosophical Magazine and Journal.

Gentlemen,

OBSERVING that a memoir by Professor Vanuxem, found-

ed on an unlucky mistake, has been re-published in your

Magazine (vol. Ixiv. p'. 4G7), 1 beg tiiat injustice to Prof. Silli-

niau you will, at as early a period as possible, allow the remarks

• Published in llic PhiiaUd|)hia Medical Journal, and Siliiman's Journal

in the biiinnicr of lb!24. .

N n 2 which



284- Dr. Hare on Fused Carbon,

which I have made in reply to that memoir to appear before

the public in the same channel. I inclose in this letter a copy

of them. I am, gentlemen, respectfully yours, &c.

Philadelphia, March 15, 1825. RoBERT Hare.

Professor Silliman, about two years ago, published an ac-

count of some phaenomena observed during the ignition of

pieces of charcoal by a galvanic deflagrator, the poles of which

they had been severally employed to terminate. On the char-

coal attached to the positive pole a projection was observed

to ensue—in the other, a corresponding concavity. The pro-

jection he supposed to consist of carbon, fused, volatilized, and

transferi'ed from the charcoal of the opposite pole, where the

concavity was discovered.

In a late number of the Journal of the Academy of Natural

Sciences of Philadelphia, Mr. Lardner Vanuxem communi-
cates his observations on a supposed specimen of fused char-

coal, sent to Professor Cooper by Dr. Macneven of New York,
which appears to have been iron—and the author appears to

have received, and evidently intends to convey, the impression,

that the substances considered as fused or volatilized carbon

by Professor Silliman must have been similarly constituted.

Mr. Vanuxem, speaking of the mass which he has exa-

mined, informs us, that— " It consisted of one large and one

small globule, connected together by a thread, or thin bar, of

the same material, and resembled a double-headed shot."

And again he says:—" It was then put into an agate mor-
tar, pressed and struck with considerable force—finding it

yielded without bieaking, and observing that it received a po-

lish, it was examined and found to resemble iron. To con-

firm the analogy, it was next tried with a file, which acted

upon it as it would on soft steel or iron—after this it was sub-

jected to a magnet, to which it readily attached itself—and
lastly, with a hammer : by its great malleability, conjoined with

the characters just mentioned, it proved its identity with iron."

He moreover states, that the substance in question was at-

tacked by nitric acid, and afterwards was chiefly taken up by
muriatic acid, whence an hydratcd peroxide of iron was pre-

cipitated by ammonia.
On reading this account o{' the substance examined by

Mr. Vanuxem, it was evident to me that it had not the slightest

resemblance to those which Professor Silliman had described

as fused carbon. A product which I had myself obtained,

and which corresponded perfectly with his description, had
been preserved in a glass tube. This substance crumbled
when subjected to pressure—acquired no polish by hammering

or
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or filing—was utterly devoid of attraction for the magnet

—

was not acted upon by nitric acid—nor did muriatic acid,
which had been digested on it, yield any oxide of iron, or give
any other indication of that metal.

These observations were made bymy friend Mr. G.T. Bowen,
under my inspection. Mr. Bowen assisted Professor Silliman
at the time when he first made his observations on the fusion
of carbon. On perusing Mr. Vanuxem's memoir, Mr. Bowen
was no less convinced than myself that there had been a mis-
take, which, considered as the foundation of a broad and un-
reserved, though indirect, contradiction given to Professor
Silliman's representations, is really unfortunate.

I do not feel authorised to decide whether the substance
analysed by Mr. Vanuxem was that which Dr. Macneven for-
warded. By oversight, one minute portion of matter may be
exchanged for another as easily as mistaken—but supposing
that the mistake originated with Dr. Macneven, it should be
recollected that he did not act under the idea of any serious
responsibility. He was writing to a friend, not controverting
the conclusions of a skilful chemist.

It was in January last that Dr. Macneven first operated with
a deflagrator. I then sent him the first he ever had. Not-
withstanding his well-known accuracy, in cases where his op-
portunities of observation are duly great, it is not unaccount-
able that amid the hurry of his lectures and his practice he
should have mistaken a globule of iron for a specimen of fused
carbon. But considering Professor Silliman's great experience
and skill as a mineralogist and chemist, and his having ope-
rated with the deflagrator for nearly u year before his memoir
on the fusion of charcoal was published, it ought not to have
been so readily supposed that in scrutinizing the substances
which he had obtained, with a view to communicate the re-
sult to the public, any advantageous employment of the magnet,
the hanmier, the file, or the mineral acids, had been omitted*.

It is true, as Mr. Vanuxem observes, that the incineration
of charcoal proves it to contain impurities—but those impuri-

It appears from Professor Silliman's memoir (vol. v. p. 363, American
Journal of Science), that he did employ boiling sulphuric and boiling nitric
acid ; and irioreover, it is ev ident that the products which he represented
as fused carbon could not have been iron, both on account of their habi-
tudes with these acids, and on account of their disap|)carance when sub-
jected to the solar focus in oxygen gas. Of course no " advantageous " ap-
plication of the magnet could have been made. In examining the globules
j)roduced upon plumbago, when ex|)osed to the deflagrator, it will be found
that Professor Silliman did resort to the n)agnet. Iron being a constituent
of plumbago, it was in that case rational to exjicct that the globules might
be magnetic. The magnet was also enii)loyed by him in testing the globules
procured from anthracite, by means of the deflagrator,

ties
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ties ai'e well known to be earth or alkali, with a very muiute

portion of iron, if an3% These facts, thus cited by him, are

therefore irreconcilable with his inference, that a piece of char-

coal of about an inch in length, and less than a quarter of an

inch in thickness, could, instantaneously, at its point, form a

projection of matter almost solely ferruginous.

I will take this opportunity of observing, that the most in-

teresting phaenomena observed by Professor Silliman do not

to me appear to be dependent for their importance on the na-

ture of the projection which arises on carbon when forming

the negative pole of the deflagrator. That such an excres-

cence arises, and that a corresponding crater or pit takes

place in the charcoal on the opposite pole, are the facts which

principally interest me.

I should have done more to prepare myself for the solution

of the doubts which have been excited respecting some of the

observations of Professor Silliman, had not my eyes been so

much affected by a powerful deflagrator, made about two j^ears

ago, as to be distressed by any subsequent employment of them
in the same way.

From a cursory observation made last winter, I was led to

suppose the light of the deflagrator to be equal to that of six-

teen hundred candle flames, condensed within a space no larger

than that usually occupied by one.

Since the above was written, in trying a deflagrator made
for Professor Nott, the operator had his eyes so much affected

as to be bloodshot next day*.

By means of the same deflagrator a specimen of the fused or

volatilized charcoal was obtained. This did not prove to be

magnetic. Instead of being malleable, or susceptible of a me-
tallic polish, it was friable, and the fragments were without

brilliancy. Seen by the aid of a powerful microscope, before

it was broken, it was, both in colour and shape, exactly like

the depositions or concretions of carbon, which have been
formed in some instances during the gas-light process.

P. S. It is remarkable that, since the observation last men-
tioned was made, I have found that Mr. Conybeare, in some
speculations on the concretions of carbon, noticed in gas-light

cylinders, infers, that they may have some analogy with the

products described by Professor Silliman as fused carbon.

* I have considered it proper to dwell on the injury thus sustained by
the eyes, that others may by due caution, in the first instance, avoid the

evil. The deepest green spectacles should be used, putting two glasses to-

gethtr, when one is not enough. Persons not provided with proper spec-

tacles may use a piece of card, or paper, pierced with some fine holes.

Through a hole made by a pin the pha;nomcna may be viewed satisfac-

torily.

XLVI. On
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XLVI. On Plans in Relief. By A Correspondent.

To the Editor of the Philosophical Magazine andjcmrnal.

Sir,

CUCH of your readers as have seen the plan of the "Swiss^ Mountains" in relief, with a similar plan of the city of
" Edinburgh," will readily admit their interest as a matter of
taste, and their political and geological value. The " Pyra-
mids " with the sphynx and neighbouring country may be
seen in the royal library at Paris; and I believe that a plan
of "Gibraltar" in relief has been executed with great minute-
ness. Evelyn, the author of the Sylva, mentions in an early

part of the Philosophical Transactions that he saw similar

plans on the continent, and particularizes an island which
gave him great satisfaction.

The want of such plans has been felt in the original pro-

jection of important drainages, roads, canals, rail-ways, and all

other works depending upon levels. Shading and sections are

imperfect substitutes ; and an actual plan in relief, except of a
mountainous country, is almost useless from the small propor-

tion which the elevations bear to the horizontal plane. But
why should not plans in relief be formed, such that the alti-

tude of any point above the horizontal plane shall always be
increased in ajixed ratio to the true altitude ? If the altitude,

for instance, be increased {n) times, it will in all parts of the

plan bear this fixed proportion to the base line, and will truly

exhibit the di^-ection of the inclination, and its comjyarative

magnitude. No ordinary map whatever is mathematically

true ; when the lines in longitude are correct, the latitudinal

distances must be incorrect, and conversely : the various pro-

jections have always been formed on some conventional prin-

ciple, never accurately exhibiting the true horizontal distance.

To the artist I leave the mode of multiplying such plans

in plaster, copper, or otherwise ; and the contrivances neces-

sary for forming a series into a volume, folded up like a back-

gannnon board.

Septimus.

XLVI I. On the Locality ofRain. By Mr. James Stockton.

To the Editor ofthe Philosophical Magazine and Journal.

Sir,

T N Dr. Burney's valuable j^aper inserted in your last Maga-
-^ zine, relative to the great dillerence of rain caught at different

places in the British isles, he makes mention of this place, and
states
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states the annual quantity falling here at 40 inches. As the

last three years have been excessively wet, the learned Doctor
may have probably imagined from the perusal ofmy reports for

those periods, that our average quantity for a longer consecu-

tive series of years is equal to this amount. I respectfully beg
leave to request your insertion of the following, which are ex-

tracted from the commencement ofthe Meteorological Register,

to the close of 1824.
Inches. Inches. Inches.

Amount ofrain in 1817, 28-02. ..1818, 32-47. ..1819, 30-85

1820, 29-43. ..1821, 28-96. ..1822, 36-10

1823, 42-40... 1824, 36-74. ..Mean 33-121

The situation of this place ought also to be taken into

account. Standing, for the greater part in a valley, and the

other on a gentle acclivity, and each bordering on the river

Derwent, which is bounded by the Yorkshire wolds from
east to south, and by the moors and the German Ocean from
west to north, with the numerous and thickly-wooded planta-

tions, &c. at Castle-Howard, the seat of the Earl of Carlisle,

about five miles distance to the south and south-west of the

town, the difference in the above annual amounts will not

excite so much surprise as might at the first view be ima-
gined.

Mr. Howard remarks in his Climate of London (vol. ii.

tab. 71 ) : "In travelling at different intervals during this month
(July) between London and Folkestone, I have observed that

the showers, in great measure, avoided the high chalky tracts,

and followed the course of the rivers and moist valleys. The
reverse distribution sometimes takes place."

During the last eight, and several preceding years, in

nearly all seasons, but more especially in the rainy periods of

that of the estival, I have frequently made the same observa-

tion. Whenever the thunder and other storms followed the

course of the Derwent through the valleys adjoining, and
were unattracted by the woods, &c. at Castle-Howard, we uni-

formly experienced a more than plentiful precipitation ; but
when the reverse occurred, and the clouds composing the

storm separated and took different directions, from south to east

and west to north, we almost invariably escaped the showers.
In mentioning the above, Dr. Burney's observations as to

the diminution of the bulk of rain at New Malton, compared
with that at Kendal, appear to me to be more strikingly con-
firmed. I am, sir, yours, &c.
New Malton, April 19, 1825. Jas. Stockton.

XLVIIL
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XLVIII. On 7ievo Terms in Geometry. By Mr. M. Smith.

To the Editor of the Philosophical Magazine and Journal.

Sir,

T HAVE long thought that one great impediment to the
* study of Solid Geometry consists in the defective state of

the present nomenclature adopted in that branch of the science.

This ma}' be exemplified in the fact that several of the most sim-

ple figures have no names whatever allotted to them, and can

therefore only be expressed by a circumlocution ; such for in-

stance is the figure of a brick, a box, or an apartment of a house,

"which, as the nomenclature now stands, can only be described as

a rectangtdar iiarallelopiped. Now as the six planes which
bound this figure are all rectangles, I would propose simply

to call it a rectagon. Again, as a rectagon all the sides ofwhich
are squares is denominated a cube, I propose that where two
opposite sides (only) are squares, it should be called a cuboid

;

and this may be denominated oblong or oblate, according as

the inscribed spheroid is oblong or oblate.

Anothei- figure much used in Spherics is that which bears the

same analogy (though not the same proportion) to the sphere

as the quadrant does to the circle,—perhaps the term spJie-

rant would well apply : it might be defined the eighth part of

a sphere, produced by the intersection of three planes at right

angles with each other passing through the centre ofthe sphere.

For the convenience of expressing the area of spherical tri-

angles, or other portions of a spherical surface, I would pro-

pose to divide the curve surface of the spherant into 90, 5400,

and 324000 equal parts, to each of which divisions appropri-

ate names should be given. The advantage of this would be,

that in any spherical triangle the excess of the three angles

above 180 degrees would be the measure of the area, merely

changing the terms degrees, minutes, and seconds into the

new terms. By this arrangement the measure of solid angles

might also be expressed with much facility.

Those geometrical figures which bear the same relation to

the sphere as the sector and segment do to the circle, ought

also to be furnished with names : the term sphcricon would

perhaps aptly designate the former, which is in fact formed by

a sphere and a coue; for the hitter, no name at present occurs

to me with which I am quite satisfied.

In Astronomy also some new terms might be advantageously

applied,—such as zenilude for zenith distance ; and I would also

])ropose tliat in stating the azimuth of any celestial body, it

might be denominated NE., NW,, SE., or 8\V., according to

the cardinal points between which it may be situated. Thus
Vol. 65. No. 324. April 1 825. O o instead
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instead of saying azimuth S. 47° 20' E. as is usually done, I

would express it thus, azimuth 4'7° 20' SE.

While on the subject of Astronomy, let me notice the strange

anomaly that one planet of the solar system should have a

name which does not harmonize with those of the others, all

of which are taken from the heathen mythology; the conse-

quence is, that it is named differently by different authors, be-

ing called in turn the Georgium Sidus, the Georgian, Uranus,

and Herschel. Now as this planet was a British discovery,

and made at a period when the naval achievements of England

might jusdy entitle her to assume that the god of the ocean

presided over her destiny, ought she not with gratitude believe

that the deity, which then for the first time revealed himself

to her admiration, could be no other than Neptune? Should

this name be thought appropriate, the astronomical character

of the planet might be made to resemble that of Mars, merely

substituting the trident for the spear,

I have thrown out these few hints sir, in the hope, that the

subject will attract the notice of some abler pen, or that it will

be taken up by some scientific body of men, whose authority

would ensure currency to such new terms as they might de-

cide upon.
I am, sir, yours, &c.

April 25, 18^5. M. Smith.

XLIX. Mr. Sturgeon on the Came oftheEatih's Motion :

in reply to Mr. Bevan.

WE have received a communication from Mr. Sturgeon,

relative to Mr. Bevan's letter in our last, from which we

give an extract.

" I feel no astonishment at the similarity of opinion enter-

tained by Mr. W. Herapath and myself respecting the cause

of the rotary motion of the earth ; for the same idea has struck

several gentlemen to whom I have exhibited electro-magnetic

experiments.
" Priority of o/3/«?o« would at all times be a difficult task to

discover ; but for priority in the support of opinion, when ac-

complished by the test of successful experiment, I presume

that Mr. W. Herapath's friend cannot in the present case

put in any just claim. If, however, a more early date than

that of my last paper, which I consider satisfactory on the

subject, be recjuired, I must refer those gentlemen to another,

dated Feb. 16th, 1824', in the postscript of which will be

found something relative to my rotating sphere. I am not

aware that any such exjierinients have yet been accomplished
by
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by Mr. Herapath ; neither have I any reason to believp, that

my attempt to rotate either the Galvanic Sphere, or the Mag-
net on its axis by the influence of tvv^o electric currents, could

have proved successful, had I entertained the views of the

|«"jnciples of electro-magnetism which he appears to hold."

L. Notices respecting New Books.

An Explanatoiy Dictionary of the Apparatus and Instruments

employed in the various Operations ofPhilosophical and Ex-
perimental Chemistry. With 1 7 Qiiarto Copj^er Plates. By
a Practical Chemist. London, 1824. 8vo,

THIS is the first work of the kind that has yet appeared,

and as such is pei'liaps as complete as could have been ex-

pected. It includes descriptions of some obsolete and nearly

useless apparatus, and omits a few others which are important

;

but on the whole is calculated to be a very useful laboratory

companion. The plates are very good. We hope soon to see

a second edition ; when we doubt not the author will take the

opportunity of rendering his work more complete, and thereby

still more acceptable than at present to students who desire to

become " practical chemists,"

A Popular Explanation of the Elements and Ge7ieral Laws of

Chemistry. By Walter Weldon. London, 1825. 8vo.

This work, we are informed in the preface, is intended to

present a general view of the laws and principal ph^enomena

of chemistry, for the use of " the laborious mechanic, the ama-

teur, and the female reader," who, in their study of chemistry

(having other professions to pursue or other avocations to fol-

low), are unable, or unwilling, to spend much time and labour

in the acquisition of a general knowledge ofthe science, to them,

for the most part, more ornamental or amusing than useful.

For this purpose Mr. Weldon has included in his work

such a detail of facts, he states, as is sufficient to exemplify

and explain the principles of the science, using the most ex-

plicit and popular terms, avoiding mathematical, and, as far as

possible, complex arithmetical calculations, and controversial

points.

The work is altogether a conipilation, and contains no ori-

ginal views that recjuire notice. We do not find in it any ex-

planations of chemical pha^nomena that are particularly lumi-

nous ; but, on the other hand, we have not met with any se-

rious errors : we think the work may be useful to those foi:

whose perusal it is intcndetl.

C) o 2 Lunar
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Lunar and Horary Tablesfor nev: and concise Methods ofpa^
Jbrming the Calcidations necessarij for ascertainijig the Lon-
gitude by Lunar Observations or Chronometers ; "with ati

Appendix, containing directions for acquiring a knoiicledge

of the principal Fixed Stars. By David Thomson, inventor

ofthe Longitude Scale.— Kingsbury & Co. London ; Oliver

and Hoyd, Edinburgh. Price \0s.

These Tables for clearing the lunar distances from the ef-

fects of parallax and refraction, are designed to facilitate the

computations necessary for ascertaining the longitude; and they

certainly appear to us to be better adapted to that object than

any of the various methods with which we are accjuainted

:

they are at once concise and simple ; little is left to the know-
ledge or discretion of the calculator; every thing is ready

performed to his hand ; neither too itiuch is given nor too

little;—and, what is of some importance, all contained within

a thin octavo volume, at the price of ten shillings,—so that

it will come within the reach of seamen in general. One
particular excellence, which is seldom to be met with in me«
thods founded on the same principle, and which must be highly

approved by navigators, is, that there is no distinction of cases,

—all the corrections on account of parallax and refraction

are additive. We have not been able to enter into a detailed

investigation of the tables, nor has the author stated the prin-

ciples of their construction and application.
"

Prof Schumacher, with a laudable zeal for the promotion of
science and its application to objects of utility, has in his Ephe-
meris extended our means of comparison by inserting the

distances of the different planets from the moon ; and we think

it important that no encouragement should be wanting to in-

duce the navigator on all occasions to practise the lunar ob-

servations as the best, because the only certain means of ascer-

taining the place of his ship : any method which diminishes

the number of mechanical operations requisite to be performed
in the reduction of an observation, without the sacrifice of sim-

plicity will be extremely serviceable towards bringing this

much neglected method into more general practice at sea.

Recently j^ublished.

Memoirs of Moses Mendelsohn, the Jewish Philosopher;
including the celebrated correspondence on the Christian Re-
ligion with J. C. Lavater, Minister of Zurich. By M. Samuels.
Longman and Co.
The Century of Inventions of the Marquis of Worcester.

From the original MS. With historical and explanatory Notes
and a Biographical Memoir. By Charles F. Partington.

COL-
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COLLECTION OF NATURAL HISTORY.

A valuable and interesting collection of insects and birds,

made and preserved with the greatest care by an eminent
German entomologist, will be for sale at Mr. Thomas's, of

King-street, Covent Garden, in the course of May.

ANALYSIS OF PERIODICAL W'ORKS ON NATURAL HISTORY.

Curtis's Botatiical Magazine. No. 'iiSB, ^56, 4:57.

(Continued from p. 52.)

PI. 2531. Crinum areiiarium /i. Coast of Australia, and isles adjacent.

—

Pergularia sanguinolenta " foliis ovato-lanceolatis glaberrimis petiolatis,

cymis multifloris folio brevioribus, corollas iaciniis acuminatis obtusis, succo

sanguineo."

—

Hamelia patens.— Cyrlant/itis striatus. Paliuriis virgatus, Don
Prudr. Ft. Kejml.—Clerodcndrum mucro-phyllum " foliis lato-ovatis acumi-
natis serratis subsessilibus subtiis tonientosis, floribus paniculatis, calycibus

5-dentatis, coroUis labiatis."

PI. 2537. Zephyranthes rosea. Mr. Herbert corrects his generic character

given in the Botanical Register, stating that the flowers are suberect, but
not vertical, as there stated.

—

Pancratium Zeylamcum : this genus is here
limited to the true congeners of marit'imum, on which it was founded, in

Europe, Asia, and Africa. Some animadversions are also made on the editor of
the Botanical Register, who has not adopted the genera Carpodetes, Lepe-
riza, and Stenomesson proposed in the Appendix of Bot. Mag., but com-
prehended them in a new genus, Chryiophiala, under which name he has

\g\xvG.AJlavu.m{Pancralium oi^mz and Pavonj,

—

Gloriosa virescens "foliis

cirrhiferis, pedunculis pendulis, petalis unguiculatis apice undulatis." The
plant described by Lamarck as a doubtful variety of G. siiperba is said to

answer very well to this subject, which is from Mosambique, the other from

Senega\.— Goodyerapubescens /3. minor. It differs from a. in size only, ex-

cept that the leaves are less oblong, and with more obscure markings.

—

Lavatera hispida.— Phlomis lunarij'olia ji. M. Lagasca considers this as a

distinct species, and proposes to name it after Dr. Russell, who has figured

it in his history of Aleppo.— Caladium bicolor ; given here by mistake, having

already been figured in this work under its former name. Arum, irom which

genus it has been separated by Ventenat.

—

Malva ahutiloldes.

PI. 2545. Arislolorhia tabinsa.—Solidago lanceolata, now first figured from

a plant compared with the specimens in the Banksian herbarium.— 5o/an?(»«

pyracanthuin (i. Duval, in his Monograph, remarks that the peduncles and

calyxes are sometimes very thorny, and sometimes are quite without thorns:

in this figure these parts are unarmed.

—

Scutellaria altissima: stated to be

rather a biennial than a perennial by Mr. Denson, curator of the botanic

garden at Bury St. Edmond's, whence the specimen was received.— .Ber-

bcrjs aristala : "Although we wish that DeCandolle had been contented

with the name of Cliitrii, given to this species by its discoverer Dr. Hamil-

ton (late Buchanan); yet as that name had not then been published, the

learned Professor was at liberty to ai)|)ly one that seemed to him more a|)-

propriate, and aristala being the first published name ought to have been

adopted by succeeding writers ; we hope, therefore, that we shall lessen

rather than increase confusion by preferring it ; especially as the Systema

Naturalis Regni Vcgetabilis is a work that cannot fail to he found in the

hands of every botanist, and to be considered of the first authority. Of
this inestimable work only 2 vohnnes have as yet appeared, and it is at pre-

sent suspended, to give way to the Prodronms, the nature of which allows

of its being carried on with greater rapidity. And if it happen that the

great
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great work should not be resumed, these volumes will bear aai|jle testimony

to the industry, learning, and botanical skill of the author."

—

Lobelia Tupa.
" This plant differs altogether from our L. gigantea, the Tupa of the Hor-

tus Kewensis."

Curt is's British Entomology. Nos. 15 and 16.

PI. 39. Cosso)uis Tarda, a new species discovered in Ireland, never be-

fore noticed, and greatly exceeding in size the other species found in this

country.—CeMus ligniperda, a fine variety of this well-known insect with

its larva (celebrated amongst the Romans as a great delicacy) is here repre-

sented.— ^n//»rfii"" Manicatum: this curious bee has been noticed by most

authors; and we find very amusing and interesting accounts of it from the

Rev. G.' White's Naturalist's Calendar, as well as from the pen of the Rev.

W. Kirby.

—

Dolichopeza si/lvico/a, a new genus of a nondescript Tipula,

found by the author in the New Forest.

—

Acilius cinercus: both sexes of

this fine insect, new to Britain, are given in this plate.

—

Eupithesia Lina-

riata: this pretty and rare little moth, although well known as an inhabi-

tant of Britain, has never before been figured in any of our own works.

—

Hylotoma Stephensii, a new species of Tenthredo, named after its first dis-

coverer, who took it in Kent ; it was unknown to Klug, and Le Peletier St.

Fargeau is only acquainted with it by Dr. Leach's description.

—

Helcomyza

ustulata, an insect new to Britain, named from the manuscript of M. Mei-

gen.

Zoological Journal.

No. III. of this work contains An Inquiry into the natural affinities of the

Laniadce, by Mr. Swainson.—Sketches in Ornithology (on the FalconidcB),

by Mr. Vigors.—Continuation of Mr. Frencii's second Essay on Instinct.

Continuation of Mr. Gray's Monograph on the Cypraida.—Mr.Bennets

Translation of Chabrier on the Thorax and Flight of Insects; and a descrip-

tion of a new species oi Bucciman, by the same naturalist.—M. E. Geoffroy

Saint-Hilaire on the vestiges of placental organization in Didelp/iis Virgini-

ana.— Mr. Gray on the Structure of Pholades,—and Descriptions of some

rare, interesting, or hitherto uncharacterized subjects of Zoology, by Mr.

Vigors ; with plates by Mr. J. D. C. Sowerby.— Reviews of Zoological Works,

Proceedings of Societies, &c. &c.

Among the specie? described in the last article is a new and beauti-

ful Parroquet, lately brought from the island of Toohooteterooha, in the

Pacific Ocean, about a day's sail from Otaheite ; and thus characterized

by Mr. Vigors: " Psiltacula Kuhlii. P. flavo-viridis, gutture, genis, pectore,

abdomineque coccineis, crista occipitali, fasciaque abdominal i purpureis,

rostro pedibusque rubris."

No. IV. (concluding the first volume) contains Some Remarks on the

nomenclature of the Gryllinn of MacLeay, with the characters of a new
genus in that tribe, by the Rev. Mr. Kirby.— An Account of the unex-

ampled devastations committed by Field-mice in the Forest of Dean, and

in the New Forest, in the years 1813 and 1814, by the late Lord Glcnber-

vie.—Remarks on the devastation occasioned by the Hylobius Abietis in

fir plantations, by Mr. W. S. MacLeay.—Observations on the British Ti-

oj^/jcte, together with descriptions of the British species oi Culex and Ano-

pheles, by Mr. Stephens.—Mr. Bell on a new species of Lizard.— Mr. Bur-

chell on Malaconotus alro-coccineus.—Mr. Swainson on sonje new birds

from Australasia.—Mr.Broderip on the manners of the Toucan.—Continu-

ation of Mr. Gray's Monograph on the Cyprceida.—M. de Ferussac and

Mr. G. B. Sowerby on JEtheria.—Descriptions of new subjects of Zoology,

by Mr. Vigors.—Description of the Rimau-Dahan of Sumatra, anew species

of
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oiFelis discovered by- Sir T. S. Raffles ; by Dr. Horsfield.- Descriptions of
some new Brazilian species of the family of Laniadce, by Mr. Such.—De-
scription of the Vespertilio PygmcBm, a new species recently discovered in
Devonshire by Dr. Leach.—Notices of Zoological Books, &c.—Dr Horse-
field s paper on the Rimau-Duhan, or, as M. Temminck has denominated it
Fdis Macrocelii, is one of the most interesting articles in the number • he
gives the following specific character of the animal. " Felis grisea, macnlis
nigris: hiimcralibiis maximis transversis; lateralibus obliquis subcoadunatis
vel intervalhs angnstioribus divisis plagis angulatis rotundatisve rarius ocel-
latis; omnibus marginibus posterioribus saturatioribus, lineis cei-vice dor-
soque summo duabus parallelis : collo utrinque duabus superiore continua
inferiore interrupta, pedibus validis, podiis aniplis robustis, cauda lonffissima
incrassata lanuginosa."

LI. Proceedings ofLearned Societies.

ROYAL SOCIETY.

April 14..—'T'HE reading was commenced of « A Mono-
-- graph on Egyptian Mummies, with observa-

tions on the Art ofEmbahning among the Ancient Eo-vptians •"

by A. B. Granville, M.D. F.R.S.
^Jf

'

April 21.—The reading of Dr. Granville's paper was con-
tinued.

April 28.—The reading of Dr. Granville's paper was con-
cluded. .

THE LINN.EAN SOCIETY.
March l.-;.—Read a paper from R. A. Salisbury, Esq.

F.R.S., F.L.S., &c., on the Trichomanes elegans of Mr. Rudge's
Plant(E Guiana;. It appears that M. Bory de St. Vincent as-
serts in the 6th vol. of the Dictionnaire classique d'Histoire
Naturelle, under the article Fovgerc, that Mr. Rudge's plant,
t. 35, is composed of two species of different geneia, one of
which M. Bory pro})oses as a Feen, and the otlier as consti-
tuting a new genus, under the name of Hymcnostachys. Mr.
Salisbury how ever insists, that M. Bory's assertions are devoid
of any foundation, and he attributes his criticisms to an igno-
rance of the Eatin language. In confirmation of this opinion,
Mr. S. exhibited the specimen itselffrom which the figure had
been drawn, that he might afford occular demonstration, that it

consisted of one indivi(lual.

To corroborate this opinion, he adduces the testimony of
Professor Hooker, who in his 52nd plate of his Exotic Flora,
refers to Mr. Rudge's figure and gives a coloured one of 7^. ele-

gans the involucrum oi" which contained ripe capsules.
The question being a matter of reference to the Society,

the Vice President iiauied Mr. Edward Forster, Mr. Bicheno,
and Mr. Mcnzies to investigate the matter and report there-
on in pursuance of a bye-law of tlie Society.

April
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April 5.—A valuable present of stuffed birds and fishes

was received from Capt. King, collected by him in his late ex-

pedition to explore the north-west coast of New Holland.

The Committee appointed at the preceding meeting made
their report relative to Mr. Salisbury's paper on Trichomanes

clegans ; and stated that the plant was represented to have

been gathered in Guiana, by M. Martin, and to have been

purchased by Mr. Rudge. It belongs to the genus Trichomanes

of Smith. M. Bory asserts that the spike described as the ma-
ture fructification, is of a totally different structure from the

others, which are regarded as immature. It appears that Hooker
did not doubt the fidelity of Mi*. Rudge's plant, though his

own figure supports M. Bory's opinion, inasmuch as the

fronds there delineated differ from those in Mr. Rudge's figure.

M. Poiret has described, and M. Desveaux has both de-

scribed and figured, the plant which corresponds with the

fructification supposed to be mature. Weber and Mohr have

also the same species.

In the Banksian and Mr. Brown's collection, were found

several specimens of each of the two plants, alleged by the

French author to be confounded, in all stages of fructification.

In every instance the Committee found the barren frond of

Mr. Rudge's specimen combined with the fructification which

he calls the young state ; and as constantly the frond, figured

by Hooker, with the spike which is said to be mature.

The specimen itself was also subject to their inspection, and
upon a minute examination of it, they were satisfied that it

was composed of two individuals. They therefore reported that

M. Bory appeared to them to be justified in his conclusions.

It was added, that they thought it but justice to Mr. Brown
to say, that Mr. Salisbury was correct in stating that M. Bory
had fallen into the error of making Mr. Brown adopt Will-

denow's arrangement ofthe Ferns, whereas Mr. Brown's work
made its appearance in the same spring, but before Will-

denow's, and his arrangement is materially different.

A further })ortion of Dr. Hamilton's Commentary on the

Hortiis Malabaricus was also read.

April 19.—A continuation of the Rev. Messrs. Sheppard
and Whittear's paper on Norfolk and Sufftjlk biids was read.

GEOLOGICAL SOCIETY.

March 18.—The paper entitled " Observations on the beds

of clay, sand and'gravel, belonging to the red n)arl formation of

the midland counties, and in the rocks from which they are

derived, by tlie Rev. James Yates, M.G.S. was concluded.

In this communication Mr. Yates enters into some description

of
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of the rocks which are found in situ on the confines of Wales
and Shropshire, in order to show that from the disintegration

ofthese rocks, the clay, sand and gravel, of the red marl Ibrma-
tion have for the most part been derived. Tlie first line of
section which is particularly considered is near the river Dee
and Vale Crucis; the second, a line drawn from Oswestry
westward to Llansilen, which crosses within the space of five

miles the basset edges of all the strata from the new red sand-
stone to the slate. The author then takes a view of the rocks
occurring in the direction of the road from Welchpool to

Ludlow. The fourth district then noticeil is the vicinity of
Church Stretton. Mr. Yates then mentions some particulars

of the rock near Bewdley and in the Clent Hills, and the
neighbourhood of Dudley, and adds 5ome remarks on the
Bromsgrove Lickey, as supplementary to Professor Buckland's
paper in the 5th volume of the Societj-'s Transactions.

The range of hills is also described which extends from
N.W. to S.E. beside the course of the Coventry canal and the
river Anker ; and lastly, a district in Leicestershire, a few miles

E. from Hinckley, consisting of a coarse-grained ci-ystalline

greenstone.

The author then proceeds to show how the strata belonging
to the older formations which he has described, may be viewed
in connexion with the general physical structure of England

;

and then points out from what various sources the beds of sand,

clay and gravel, of the red marl formation, as well as the su^ier-

ficial debris which is sti'ewed over the midland districts of
England, may have originated. Mr. Yates concludes with
some reniiirks on the excavation of valleys, and on some opi-

nions on that subject now generally received among English
geologists from which he is inclined to differ.

April 15.—A paper was read entitled, "On a new species of
Gyrogonite from the lower fresh-water formation atWhiteclift-

bay in the Isle of Wight, with sonic account of the strata in

which it occurs ;" by Charles Lyell, Esij. Sec. G.S.
Mr. Lyell cfescribcs this species of gyrogonite as ver}' dis-

tinct from the three sj)ecies which have l)een found in France.

The spiral valves form nine rings, each of which are orna-

mented with a row of tubercles ; from which he has given it

the name of Cliara lubcrcidafa. An account is given of the

strata of the lower fresh-water formation at Whiteclifl-bay in

the Isle of Wight, in which this gyrogonite occurs very abun-
dantly. They consist of beds ol" compact limestone alternating

with whitish calcareous marls, and in most of them the casts

or shells of various fresh-water univalves are common.
(iyntgonites appear not to have been noticed belbrc in ihe

Vol.'fj.-,, No. 321. ///'/// 1»25. Pp fresh
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fresh-water strata on the east side of the Isle of Wight. Those
which have been noticed as abounding in the Hmestone of the

lower fresh-water at Garnet Bay are chiefly referable to the

Chara Medicaginula of the French authors ; in that locality

fossil stems accompany them whose structure is identical with

that of some recent Charte, as for example C. hispida.

The author concludes by observuig, that from the remark-

able toughness of the integument of their seed-vessel, and

f-om the large proportion of carbonate of lime which they con-

tain in a living state, most of the Charae are peculiarly adapted

for becoming Ibssil, and that they are accordingly preserved in

the recent marls in Scotland, both in a vegetable and a mine-

ralized state, when the other aquatic plants which lived and
died in the lakes with them are entirely decomposed, or can

no longer be recognisetl.

An extract of a letter was read from Jer. Van Rausselaer,

Esq. on the discovery of the skeleton of a mastodon at New-
York ; and of the teitiary formation in New Jersey.

In this letter Mr. Rausselaer mentions that in a late expe-

dition which he had made with some friends to examine tlie

geology of the state of New Jersey, they had discovered, dis-

interred, and afterwards brought to New-York, the skeleton of

a mastodon very nearly perfect. They also satisfied them-
selves that much of the region which lies between the Atlantic

and the range of primitive mountains was referable to the

tertiary formations, and that the secondary do not make their

appearance for some hundreds of miles.

A paper was read, entitled " Account of a fossil crocodile

recently discovered in the alum shale near Whitby;" by the

Rev. George Young.
Mr. Young describes the osteology of this fossil animal

which has been deposited in the museum at Whitby, and of
which a drawing accompanied this communication. Its length

exceeds 14 feet, and when perfect must have reached 18.

The author mentions that these are not the only remains of
the crocodile which have been discovered near Whitby, al-

though they had been generally confounded with those of the
Plcsiosaiiriis ; of which animal, however, as well as of three or
four species of the Icthyosaurusy undoubted remains occur in

the alum shale of Whitby.

HORTICULTURAL SOCIETY.

March 1 .—The following papers were read : On the/;ultiva-

tion of the pine-apple; by Mr. William Chartres, correspond-
ing member of the Society.—A description of the vineries of

John
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John Wright Hulme, Esq. ; by James Robert Gowen, Esq.,

F.H.S.—An account of a method of obtaining very early crops
of the grape and fig ; by the President.

March 15.—The following papers were read : On the culti-

vation of the Neapolitan violet ; by Mr. Thomas Ashworth,
corresponding member ofthe Society.—Description ofapeach-
house, and mode of training practised in it; bv Mr. William
Beattie, F.H.S.

April 5.—His Majest}' the King of France and His Impe-
rial Highness the Archduke John of Austria were elected Fel-
lows of the Society.—The silver medal was presented to John
Dickson, Esq., of Rio Janeiro, corresponding member of the

Society, for various important services rendered by him to

the Society by the transmission of plants, and by assistance

afforded to its collectors, &c.—The following papers were
read : The result of exjjeriments with lime, used in improv-
ing the fruit-tree borders of an old garden ; by Mr. William
Balfour, corresponding member of the Society.

April 19.—His Royal Highness Frederic William Crown-
Prince of Prussia was selected a Fellow of the Society; and
Rainaud Louis Desfontaines, M.D., Professor of Botany in

the Museum of Natural History at Paris, was elected a fo-

reign member in the room of M. Andre Thouin, deceased.

—

The following paper was read : On the cultivation of the pine-

apple; by Mr. William Greenshields, C.M.H.S.

ASTRONOMICAL SOCIETY.
April 8.—A paper was read " On the results of computa-

tions on astronomical observations made at Paramatta, in New
South V\'ales, under the direction of Sir Thomas Brisbane,

K.C.B. ; and the application tliereof to investigate the exact-

ness of observations made in the northern hemisphere. By
the Rev. John Brinkley, D.D. F.R.S. &c." Anxious to throw
some new light on the subject of the discordance between the

north polar distances of the principal fixed stars, as determined

by Continental and English astronomers, Dr. Brinkley wrote

to Sir Thomas Brisbane, to request His Excellency to make
some observations at Paramatta. Sir Thomas immediately

commenced the important labour;—and on a series of three

months' observations, from November 1823 to February 1824',

communicated to this Society as well as to Dr. Brinkley, the

Doctor has founded the computations and comparisons which

are communicated in this paper.

The sum of the })olar disUiuces of a star observed in the

two hemispheres ought to be exactly 1 80° if both are correctly

observed. Also, on the hypothesis that the mean refraction

P p 2 is
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is the same in botli hemispheres, we have an opportunity of
ascertaining the united effects of refraction, instead of the dif-

ference between the refraction of a star near the pole and of a

circumpolar star remote therefrom.

In regard to the distance between the north and south poles,

by combining Dr. Brinkley's observations with those of Sir

Thomas Brisbane, the result is, that the mean of 141 south

polar distances deduced from l-tl of his observations, and ap-

plied to Dr. Brinkley's north polar distances =179° 59' 58",92

or l",08 in defect. Dr. Brinkley's refractions were applied to

the southern observations, using the interior thermometer.

The same mean, obtained by using Mr. Bessel's north polar

distances and computing by Mr, Bessel's refractions [Astron.

Fundam.), using the exterior thermometer, is 180° 0' 1",72 or

l",72 in excess.

1 °. Among the observations are some by reflection. These
afford us the means of determining the zenith point, and

thence the distance between the zenith and polar points, or

the co-latitude.

Co-latitude by Cano;ws 56° 11' 8",63

Siriits 9,16
Fomalhaiit 9 ,95

Mean = 56 11 9 ,25

Latitude = 33 48 50 ,75

2°. The results of observations on bo!h the solstices of 1822

appear to show the latitude of Paramatta = 33° 48' 42''. —
(No. 37, Der Ast. Nachrichten.)

The observations of the Dec. solstice of 1821 give the mean
zenith distance of the solstitial point, Jan. 1 , 1 822, = 1 0° 2 1' 2",23

—(No. 20, Der Ast. Nach.)

The mean obliquity of the ecliptic,"^

taking the mean obliq. of Jan. 1, 1816, I = 2s 9" 47 or= 23° 27' 49",21 and secular diminution
[

J - / */ ,uo

= 43" J
Latitude 33 48 49,29

If we use Mr. Bessel's obliquity =22° 27' 45",66 the lati-

tude will be =33° 48' 47",89.

The result of all tile observations sliows that Dr. Brinkley's

constant of refraction (57",72) is as exact as can be desired,

when the refractions are computed by the interned tliermome-

ter; also that, when computed by the c.r/nv/f// thermometer,

Mr. Bessel's refractions recjuire no correction worth notice.

A connnimicatioa was also read from Colonel Beaufoy, in-

closing a series of observations of Jupiter's satellites, at Bushey
Heath, near Stanmore, between April 1816 and December
'324; and another series of observations of solar and lunar

eclipses,
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eclipses, and bccultations of stars by the Moon, occurring in

the same interval of time, from 1816 to 1824 inclusive. The
eclipses of Jupiter's satellites are so recorded as to show the

mean time at Bushey, mean time at Greenwich, and then the

same as exhibited in the Nautical Almanac. The discrepances

between the I'esults of observation and the Nautical Almanac
are in some cases very considerable. Even with regard to

the Jirst satellite, the differences sometimes exceed a minute

and a half in time ; and with regard to the other satellites, the

differences exceed 2, 3, 4, and in one case (July 15, 1818)

seven minutes of time. In this case the discrepance is the same

with respect to the Connaissance des Terns.—The others the

reporter has not had leisure to compare.

The reading of Mr. Atkinson's paj^er on refraction was also

resumed and continued.

ROYAL ACADEMY OF SCIENCES OF PARIS.

Jan. 3, 1825.—M. Poisson was elected vice-president for the

year ; and M. Chaptal, vice-president for the year preceding,

entered upon his office as president for 1825.—M.de Humboldt
communicated extracts from various letters he had received from

Italy and America.—M. Pelletan, jun. read a note on the gal-

vanic phajnomena which he states to accompany acupunctura-

tion.—M. Lacroix, in the name of a commission, made a re-

})ort on the late M. Peyrard's translation of Ajwlloniiis Per-

gccus : the Academy expressed its desire that the printing of

this work should be facilitated, as well as of the translation of

Euclid.—M. Uupuytren commenced reading a memoir on

artificial ani.—Capt. Poncekt's memoir, on vertical undershct

wheels with curved float-boards, was submitted to a com-

mission.

Jan. 10.— Professor Delille, of Montpellier, presented a me-

moir on the danger of using mushrooms in cookery.—M. Du-
meril made a report on a memoir on leeches, by MM. Pel-

letier and Ilu/.ard, jun. [see p. 317.]: he also reported on

M. de Ferussac's memoir respecting the animal of the genus

ArgonauUi.

Jan. 17.—M. Magendie announced that he had ascertained

tlie insensibility of the retina in a female on whom he t)pe-

rated for cataract: the contact of an instrument with that or-

gan did not produce any appreciable sensation : the patient

recovered lier sight inmiediately after the operation.—M. de

Basterot read his geological description of the tertiary district

of the south-west of Prance, cojnprising some general remarks

on lossil Mollusca.—M. Fodera announced that he should

shortly
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shortly communicate the results of his researches on muscu-

lar contraction, on the action of various agents on the nervous

system and on muscular fibre, and on the formation of white

globules analogous to the white globules of the blood.

—

M. Collin presented a memoir on the fermentation of sugar.

—M. Cauchy presented a new memoir on the integration of

linear equations and on the vibrations of elastic rectangular

plates.—M. Giron de Buzareingue read the first part of a

memoir on the generation of animals.—M. Bailly communi-

cated some statistic researches on intermittent fevers.

Jan. 24.—The Academy received a memoir, by M. Paul Co-

quere, on an experiment in acoustics, for discovering the mu-
tual relation and the number of grave harmonic sounds pro-

duced by the co-existence oftwo or more given sounds; and also

a memoir from M. Richardot, ofKcer of artillery, on an econo-

mical method of erecting paratonnerres.—M. Raspail read

an Essay towards a classification of the Ciraminece, founded

on the physiological study of the characters of this family.

—

M. Gaymard read some observations on the Biphores and

on the Bcroes.—M. Latreille communicated a notice respect-

ing an insect of the genus Brachycerus, which is considered as

a taUsman by the females of the kingdom of Berta.—M. Las-

sis read a note on the difference of opinion among physicians

relative to the entire subject of epidemic disorders.

Jan. 31.—The Academy received from Professor Briot, of

Besan^on, two memoirs intended to compete jointly for the

prize founded by M. de Monthyon : one, On a new forceps
;

the other, entitled Considerations on the lachrymal ducts, tlieir

disorders, and the means of curing them.—M. Croyset, offi-

cer of health at Cus, transmitted (for the same purpose) a box
containing various instruments.—M. Morin, of Strasburg,

presented two pamphlets : one. On oysters, and the means of

keeping them fresh ; the other, On aerostation.—M. Voisard,

of Metz, presented his researches on the determination of the

functions of two variables ; and Mr. S. Pugh, his considera-

tions on caloric and on light.—M. Bosc, in the name of a

commission, made a favourable report on the second part of

the History of Lichens by M. Delise.— M. Dumeril, in the

name of a commission, made a report on the method of curing

the Malformation of the anus.—M. Becquerel read some re-

searches on the conducting power of the metals for electri-

city.—M. Cauchy presented a memoir on anew kind of cal-

culus resembling the infinitesimal calculus.—M. Colin read a

memoir on the vinous fermentation.—M. Delapylaie com-
menced the reading of a memoir on the Encornet of the French
fishermen.

Feb.
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Feb. 7.—M. Olievier transmitted from Stockholm some the-

orems relative to the theory of cog-wheels.

M. Magendie communicated an observation confirming his

view respecting the so-called olfactory nerve, that it is not the

nerve of smell : this was, that a man in whom the anterior part

of the brain and the olfactory nerve had been altered or de-

stroyed, still retained the sense of smell.

Feb. 14.—M. Bailly communicated several results of an in-

vestigation in which he is engaged, for the purpose of deter-

mining whether the births of males and offemales indicate any
coincidence with physical causes susceptible of being appre-

ciated by our means of observation. He annouriced a detailed

memoir on the subject.— M, Dupetit-Thouars made a report

on a botanical memoir by M. Raspail.—M. Cauchy commu-
nicated a note on the calculus of remainders and on the defi-

nite integrals.

Feb. 21.—M. Dumeril presented, in the name of the author,

some prophylactic and curative views on the yellow fever, ex-

tracted from a memoir by M. Fourreau de Beaunegand on the

physical and medical topography of Florence.—M. Latreille

gave a verbal report relative to a memoir by M. Loiseleur

Deslonchamps, on the means of obtaining several crops of silk

in a year.—MM. Desfontaines and Mirbel made a favourable

report on a memoir by M. Lamoufoux relative to the geo-

graphy o^ hydrophytes : as did MM. Brongniart and Beudant
on M. Basterot's memoir respecting the geology of the terti-

ary basin of the south of France.

Feb. 28.—M. Opoix (who had invented a method of pre-

serving butter fresh) announced that he had brought it to per-

fection ; he presented a sealed vessel of butter six months old,

and requested that it might be examined : M. Deyeux was ap-

pointed to this examination.—M.Joseph Lowry transmitted a

memoir respecting a progressive projection of the northern and
southern hemispheres, with three maps on this principle.—

A

memoir was submitted to the Academy, entitled Perspective

geometry, or A new method of representing objects ; by an

engineer of bridges and causeways.—A report by M. D'Arcet
was read on M. Chevreusse's physico-chemical researches on

carbon.—M. GeofFroy St. Hilaire read a memoir on the na-

tural affinities of the fossil crocodile of Caen, and on the

formation from it of a new genus, under the name of Teleo-

saurns.—M. Civiale read a sunnnary of observations in con-

tinuation of his memoir on the lithontripttn-, or new mode of

destroying stones in the bhidder.—M. Cauchy read an ana-

lytical memoir <hi defiiiite integrals taken between imaginary

limits.
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limits.—M. Marc-Antoine Parseval presented a memoir en-

titled General theorems on analytic functions.

LI I. Intelligence and Miscellaneous Articles.

LECTURES FOR THE MECHANICS AT PARIS.

lY/T CH. DUPIN finished on Saturday, March 26th, the
-'-^-*^» course of lectures on mechanics and geometry which he

delivered at the Conservatoire des Arts et Metiers for the in-

struction of the working classes. More than 500 persons,

chiefly of these classes, attended his lectures ; and no doubt can

be entertained of their utility, for they were listened to with pro-

found attention. The progress of Industry will become incal-

cuable when she is guided bv Science.

—

Courier Francois.

SCIENTIFIC INSTRUCTION IN FRANCE.

M. Morin, engineer, formerly a pupil in the Polytech-

nic School, following the good example of M. Dupin, has be-

gun at Nevers a gratuitous course of mechanics and physics ap-

plied to the arts. More than thirty persons, already acquainted

with arithmetic and the elements of geometry, attend; some of

whom have supplied instruments and models of machines, and
others have aided the undertaking by subscriptions. At Peri-

gueux a public museum of the minerals of the departments

has been begun.

RESEARCHES OF MESSRS. BOUSSINGAULT, RIVERO, AND ROULIN,
IN SOUTH AMERICA.

These enterprising travellers have continued their barome-
tric levelling of the Cordilleras, between Merida, the emerald

mines of Muzo, and Bogota : tliey have observed the horary

variations of the barometer on the coast, and at the height

of 8530 feet: they have analysed an aerohte weighing 1600
pounds, found on the ridge of the Andes : the pigment of Big-

noina chica, which, similar to indigo, presents liowever a pe-

culiar vegetable principle : the hot springs of Mariara, from
which very pure azotic gas is disengaged : the milk of the

cow-tree, which is nutritive, and contains fibrin and wax; the

poisonous and extremely irritating principle of the juice of

Stura crepitans J and finally the confusedly crystallized saline

substances which the Indians obtain from the alpine lake of

the Andes of Merida, called Laguna del Urao. Messrs.

llivero and Boussingault found the Urao to be coniposed of
0"39 of carbonic acid, 0"41 of soda, and 0"19 of water: it is

a mixture
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a mixture of carbonate and bicarbonate of soda, altogetlier i-e-

sembling the trona of the Natron-lakes of Africa, analysed by
Klaproth. These travellers have also communicated to Messrs.
Humboldt and Arago, not only two tables of longitudes, but
also all the details of astronomical observations (horary angles,

circum-meridian heights of the stars and the sun, immersions
and emersions of the satellites of Jupiter) from which the re-

sults have been deduced. The astronomical observations of
M. Rivero and his associates rectify a part of the geography
of South America, no point of which had hitherto been deter-

mined with precision: namel}', 1st, the country comprehended
between the Sierra Nevada of Merida, and the lake of Mara-
eaybo and Bogota ; 2nd, the course of the Rio Meta, which
unites the series of positions of the Oroonoko with that of the

Andes of New Grenada, and of the Rio Magdalena.

—

Rev.

Ency. Feb. 1825.

HEIGHT OF MOUNT ELBORUS.

The Elborus, Elburu^;, Elbruz, Elburz, or Alburz, is some-
times called by the natives the 8hat, or Shach-Gora ; but, ac-

cording to Pallas, the Circassians call it OsJia Mashiia, or the

Happy Mountain ; and the Akases, Orfi Ipguh.

The Elborus is the loftiest mountain of the Caucasus, and
one of the highest on the globe : it shows two conical summits^
one much higher than the other. According to Pallas, this

mountain yields in nothing to Mont Blanc in Switzerland.

It was measured, some years ago, by Colonel Boutsovskii, who
estimated its height at 16,700 Parisian, or 17,785 English feet,

above the level of the sea. If this statement be correct. Mount
Elborus exceeds Mount Blanc (which is only 15,630) in height

more than 2000 feet.

—

Travels in Russia hy R.Lyall, M.D. S^c.

ANALYSIS OF THE ANIMAL EARTH OF THE CAVE OF KUHLOCH.

In our sixty-second volume, p. 112, we gave Professor

Buckland's account of the remarkable accumulation of the

exuviae of bears in the cave of Kiihloch in Franconia. That
geologist having transmitted to M. Chevreul for analysis two

specimens of the black earth forming the soil of the cavern,

taken at difterent depths, we extract the following particulars

from M. Chevreul's memoir on the subject, just published in

tlie Annals of Philosophy.

Mr. Buckland transmitted to me through Mr. Underwood
two s])eciniens of the soil of the cavern ot Kiihloch taken at

different depths, in order that I might analyse them. Thiscavern

contains a great number of ibssil bones, belonging to carnivo-

Vol.65. No. 324. y//jW/ 1825. Q q rous
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rous and herbivorous animals, which Mr. Buckland conceives

were not transported by water into the situation in wliich they

are now seen, but that the Kiihloch cavern was the haunt of

carnivoi'ous animals which died there; and their fossil bones are

now found in a state of greater or less decay according to the

degree of exposure to the atmosphere that they have undergone.

The letter A denotes a specimen of the soil taken at the

depth of two feet, B one at six feet below the surface.

Both the specimens are, in great measure, in a pulverulent

state, containing small masses which easily crumble to pieces

;

their colour is orange brown, pretty much like that of some bog
iron ores [mines defer Jnjdrateeslimoneuses). The colour resides

principally in the finest particles, as is evident if we agitate the

specimens in water, and decant the fluid before it has become
clear ; the pulverulent particles remain suspended, while a gra-

nular sandy matter subsides of a yellowish gray colour; when a

depsosit has formed from the muddy water which had been
decanted off, it is found to have a fine orange yellow colour.

The specimen A contains a smaller proportion of pulverulent

pai'ticles than B, and is also less coloured.

Previous trials having shown that the matter soluble in water

was in part alterable by the action of heat, like organic sub-

stances, I submitted both specimens to two series of experi-

ments, to determine first the nature of the substances indestruc-

tible by heat, and secondly that of the matter destructible by
that agent.

The results ofthe fii'st series of experiments were as follows

:

A. Grammes. B. Grammes.
Water, and matter volatile at Water, and matter volatile at

250° 0185 250° 0-215

Matter volatilized by combus- Matter volatilized b}' combus-
tion and a red heat . . 0'165 tion and a red heat . . 0'200

o , rSilica .... 0-159 <. i f Silica . . . .0-185
^^'J'^y J Alumina .... 0-026 ^•^'?^'^

J Alumina .... 0-040
\'^*'"

1 Peroxide of iron .0 01.3 '"f"' 1 Peroxide of iron . OOl."?
'•""'" LLime .... 0005 ''""'" LLime 0-002

Phosphates of lime >
Phosphates of lime

— magnesia^ . .0505
iron ? t • <^<535

iron? S «\' manganese/ j
Carbonate of lime .... 0-624 Carbonate of lime .... 0-459

magnesia . . 0-268 magnesia . . 0-124

Sulphate of lime . . . .0-024 Sulphate of lime . . . .0027
Silica 0-020

1-974 1-920
Loss 0-026 Loss 80

2000 2-000

L The
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The loss must be rather greater in reality than is indicated

in the preceding tables, because the carbonates of lime and
magnesia must have lost a portion of their carbonic acid by cal-

cination ; but the effervescence produced during the solution of
the calcined matters in nitric acid (3) and (3), proves that the
whole of the carbonic acid had not been volatilized by the cal-

cination. I should add, that I looked in vain for fluoric acid

in the soil of the cavei'ii of Kuhloch,
M. Chevreul then details the results of his experiments on

the nature of the matter alterable by heat ; and draws the

subjoined conclusions from his entire examination.

I. The organic matter of the soil of the cave of Kiihloch,

destructible by fire, is formed of

1st, A fatty acid, which in my examinations presented the

properties of stearic or margaric acid. 2dly, A fatty matter
which was not acid. 3dly, An organic acid soluble in water.

4thly, A yellow colouring principle. 5thly, A brown azotized

matter.

A portion of the yellow colouring principle and of the azo-

tized matter is certainly combined with alumina and peroxide

of iron. It is probable that another portion of the organic mat-
ters is united with the subphosphates and the subcai'bonates

of lime and magnesia; it is also probable that in this latter

part, there is proportionally more azotized matter than in the

former.

There is more organic and pulverulent matter in the spe-

cimen taken from a depth of six feet, than in that from a depth

of only two feet.

II. There is in the soil some chloride of potassium and am-
moniaco-sulphate of potash. Consequently the chloride of

jiotassium and the sulphate of potash arising from the decom-
position of the ammoniaco-sulphale of potash by heat, which

could not be collected in the process adopted in the analysis

of the incinerated soil, nmst augment the loss occurring in the

analysis.

III. The proportions of sulphate of lime indicated in

the ashes of the soil, are not so great as those which really

exist in it; because, during the calcination, a portion of sul-

phuric acid is decomposed.
IV. It is probable that a })ortion of phosphate of magnesia

is combined willi phosphate of ammonia.

MINi:UAI, SI'lUNGS OF TIIK CAUCASUS.

The following analyses of the springs of Alexander, near

Kislavrulskii, in the Caucasus, are given by Dr. Lyall in his

interesting Travels in Russia, the Caucasus, &c. lately published

;

frym a work respecting them bv Dr. Haas, of Moscow.

Q 4 2 In
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In ten Pounds of twelve

Ounces.
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taiiied in a letter to Mr. Swainson, is expressed in the following

words :

—

" This specimen is more analogous to jet than to our Wigan
Cannel coal. Its colour is deep brownish black; its lustre

resinous ; its cross fracture conchoidal ; its longitudinal frac-

turehas aslightly fibrous appearance, as if it had originally been
wood. Its hardness is about that of Cannel coal, as is its fran-

gibility ; but its lustre is higher. The mean of three careful

experiments gave its specific gravity = 1*2248. It becomes
considerably electric by friction ; in this character it is ana-

logous to jet, and differs from Cannel coal, which scarcely

shows any symj^toms of electricity by friction, though I have
observed that some pieces of the latter slightly moved an insu-

lated cat's hair, which is a veiy delicate electroscope. Kirwan
considers the diiference between jet and Cannel in their elec-

tric energies, as a diagnostic mark.
" It burns with a lively flame, and gives out much liquid

bituminous matter, or coal tar, so as to cake or become semi-

liquid in the fire. It does not decrepitate when heated, like

Cannel. When heated before the blowpipe, in a glass tube,

its volatile parts are separated ; and it leaves behind about 50
per cent ot" a coke which is capable of exciting a pretty strong

heat. The volatile portion affords a very pure coal gas. Six

grains of it burnt in a platina crucible left behind 0*2 grains

of greyish white ash, which is equivalent to 2^ per cent of

incombustible matter in it.

" The smallness of the specimen rendered it impossible to

ascertain the relative quantities ofcarbon, hydrogen, and nitro-

gen, which similar substances contain ; but this sort of analysis

is rather an object of curiosity than utility."

—

Quarterly Jour-

nal,

REMARKABLE CASES OF THE FORMATION OF AMMONIA.
We extract the following remarkable cases of the formation

of ammonia from a pa))er on the subject by Mr. Faraday iii

the Quarterly .lournal of Science, No. xxxvii.

Having occasion, some time since, to examine an organic

substance with reference to any nitrogen it might contain, I

was struck with the difference in the results obtained, when
heated alone in a tube, or when heated with hydrate of po-

tassa: in the former case no anmionia was produced; in the

latter, abundiince. Sup[)osing that the potash acted, by in-

ducing the combination of the nitrogen in the substance with

hydrogen, more readily than when no potash was present,

and would, thereic)re, be useful as a delicate test of the pre-

sence of nitrogen in bodies, I was induced to examine its

accuracy by heating it with substances containing no nitrogen,

as
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as lignine, sugar, &c. ; and was surprised to find that ammo-
nia was still a result of the experiment. This led to trials

with different vegetable substances, such as the proximate

principles, acids, salts, &c., all of which yielded ammonia in

greater or smaller quantity ; and, ultimately, it was found

that even several metals when treated in the same way gave

similar results ; a circumstance which appeared considerably

to simplify the experiment.

The experiment may be made in its simplest form in the

following manner : Put a small piece of clean zinc foil into a

class tube closed at one end, and about one-fourth of an" inch

in diameter ; drop a piece ofpotash into the tube over the zinc

;

introduce a slip of turmeric paper slightly moistened at the

extremity with pure water, retaining it in the tube in such a

position that the wetted portion may be about two inches from

the potash ; then holding the tube in an inclined position, ap-

ply the flame of a spirit lamp, so as to melt the potash, that it

may run down upon the zinc, and heat the two whilst in

contact, taking care not to cause such ebullition as to drive up

the potash : in a second or two, the turmeric paper will be

reddened at the moistened extremity, provided that part of the

tube has not been heated. On removing the turmeric paper

and laying the reddened portion upon the hot part of the tube,

the origiiial yellow tint will be restored : from which it may
be concluded that ammonia has been formed ; a result con-

firmed by other modes ofexamination to be hereafter mentioned.

The first source of nitrogen which suggested itself was the

atmosphere : the experiment was therefore repeated, very care-

fully, in hydrogen gas, but the same results were obtained.

The next opinion entertained was, that the potash might

have been touched accidentally by animal or other substances,

which had adhered to it in sufficient quantity to produce the

ammonia : the alkali was therefore heated red hot, as a prepa-

ratory step, and afterwards allowed to touch nothing but clean

glass or metals ; but still the same effects were produced.

The zinc used was selected from a compact piece of foil, was
well rubbed with tow dipped in alkali, washed in alkaline so-

lution, afterwards boiled repeatedly in distilled watei*, and

dried, not by wiping, but in a hot atmosphere ; and yet the

same products were obtained.

All these precautions, with regard to impurity from finger-

ing, were found to be essentially requisite, in consequence of

the delicacy of the means afforded by heat and turmeric jiaper

for testing the presence of ammonia, or rather, of matter con-

taining its elements. As a proof ofthis, it may be mentioned,

that some seu sand was heated red hot for half an hour in a

crucible
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crucible, and then poured out on to a copper-plate, and left

to cool : when cold, a portion of it (about 12 grains) was put
into a clean glass tube; another equal portion was put into
the palm of the hand, and looked at for a few moments, beino-
moved about by a finger, and then introduced by platina
foil into another tube, care being taken to transfer no animal
substance but what had adhered to the grains of sand : the
first tube when heated yielded no signs of ammonia to turme-
ric paper, the second a very decided portion.

As a precaution, with regard to adhering dirt, the tubes
used in precise experiments were not cleaned with a cloth, or
to\v, but were made from new tube, the tube being previously
heated red hot, and air then drawn through it ; and no zinc
or potash was used in these experiments, except such as had
been previously tried by having portions heated in a tube, to
ascertain whether when alone they gave ammonia.

It was then thought probable that the alkali might contain
a minute quantity of some nitrous compound, or of a cyanide,
introduced during its preparation. A carbonate of potash
was therefore prepared from pure tartai", rendered caustic by
lime calcined immediately preceding its use, the caustic solu-
tion separated by decantation from the carbonate of lime, not
allowed to touch a filter or any thing else animal or vegetable,
and boiled down in clean flasks; but the potash thus obtained,
though it yielded no appearance of ammonia when heated
alone, always gave it Avhen heated with zinc.

The water used in these experiments was distilled, and in

cases where it was thought necessary was distilled a second,
and even a third time. The experiments of Sir Humphry
Davy * show how tenaciously small portions of nitrogen are
held by water, and that, in certain circumstances, the nitroo-en

may produce anmionia. I am not satisfied that I have been
able to avoid this source of error.

At last, to avoid every possible source of impurity in the
potash, a portion of that alkali was prepared from potassium

;

and as the experiment made with it includes all the precau-
tions taken to exclude nitrogen, I will describe it rather mi-
nutely, as illustrative of the way in which the other numerous
experiments were made. A piece of new glass tube, about
half an inch in diameter, was first wiped clean, and then heat-

ed red hot, a current of air passing at the same time through
it ; about six inches in length was drawn off at the blow-pipe
lamp, and sealed at one extremity. Some distilled water was
put into a new glass retort, and heated by a lamp ; when about

• Phil. Trans. 1807, p. 11.

one
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one half had distilled over, the beak of the retort was intro-

duced into the tube before mentioned, and a small portion of

water (about fifty grains) condensed into it. A solid compact

piece ofpotassium was then chosen out, and having been wiped

with a linen cloth, was laid on a clean glass plate, the exte-

rior to a considerable depth removed by a sharp lancet, and

portions taken from the interior by metallic forceps, and drop-

ped successively into the tube containing the water before

mentioned. Of course the water was decomposed, and the

tube filled with hydrogen ; and when a sufficient quantity of

solution of potash had been thus formed, the tube was heated

in a lamp, and drawn out to a capillary opening, about two

inches from the closed extremity. The tube now formed al-

most a close vessel ; and being heated, as the water became
vapour, it passed off at the minute aperture, and ultimately a

portion ofpure fuzed hydrate of potassa remained in the bot-

tom of the tube. The aperture of the tube was now closed,

and the whole set aside to cool.

A piece of new glass tube w^as selected about 0*3 of an inch

in diameter ; it was heated to dull redness, and air passed

through it : about ten inches of it was then cut off, and being

softened near to one end by heat, it was drawn out at that

part until of small diameter': that part was then fixed into a

cap, by which it could afterwards be attached to a -receiver

containing hydrogen. The tube containing the potassium

potash being now broken in an agate mortar, a piece or two

of the potash was introduced by metallic forceps into the tube

at the open end, so as to pass on to the contracted part ; a roll

of zinc foil, about one grain in weight, cleaned with all the pre-

cautions already described, was afterwai'ds introduced, and
then more of the potash. The tube was then bent near the

middle to a right angle ; a slip of turmeric paper intioduced,

so as just to pass the bend ; and thus prepared, it was ready

to be filled with hydrogen.

The precautions taken with regard to the purity of the hy-

drogen were as follows : a quantity of water had been put
into a close copper boiler, and boiled for some hours, after

which it had been left all night in the boiler to cool. A
pneumatic trough was filled with this water just before it was
required for use. The hydrogen was prepared from clean

zinc, which being put into a gas bottle, the latter was filled

entirely with the boiled water, and then sulphuric acid being
poured in through the water, the gas was collected, the ex-
cess of liquid being allowed to boil over. The hydrogen was
received in the usual manner into jars filled with the water of
the trough, the transferring jar, when filled, being entirely

immersed
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immersed in the water, so as to exclude the air from every

part, even of the stop-cock. The first jai* of gas was thrown
away, and only the latter portions used.

The gas being ready, the experimental tube was attached

to the transferring jar by a connecting piece, so that the part

of it containing the zinc and potash was horizontal, whilst the

other portion descended directly downwards. A cup of clean

mercury, the metal being about an inch in depth, was then
held under the open end of the tube, and by lowering the jar

containing the hydrogen in the water of the pneumatic trough,

so as to give sufficient pressure, and opening the stop-cock,

the hydrogen in the jar was made to pass through the tube,

and sweep all the common air before it. When from 100 to

150 cubic inches, or from 200 to 300 times the contents of
the tube, had passed through, the cup of mercuiy was raised

as high as it could be, so as to prevent the passage of any more
gas, the pressure from the jar in the water-trough was partly

removed, and the stop-cock closed ; then, by lowering the
cup ofmercury a little, the surface of the metal in it was made
lower than that within the tube ; and in this state of things the

flame of a spirit lamp applied to the contracted part of the

tube sealed it hermetically, without the introduction of any
air, and separated the apparatus from the jar on the water-

trough.

In this way every precaution was taken that I could devise

for the exclusion of nitrogen ; yet, when a lamp was applied

to the potash and zinc, the alkali no sooner melted down and
mingled with the metal, than ammonia was developed ; which
rendered the turmeric paper brown, the original yellow re-

appearing by the application of heat to the part.

Witli regard to the evidence of the nature of the substance

produced, it was concluded to be annnonia in the experiments
made in hydrogen, from its changing the colour of turmeric

paper to reddish brown ; from the disappearance of the red-

dish brown tint and re-production of yellow colour by heat;

irom its solubility in water, as evinced by the greater depth of

colour on moist turmeric paper than oji dry; from its odour;
and from its yielding white fumes with the vapour of muriatic

acid. Wlien formed in open tubes, its nature was still further

tested by its neutralizing acids and restoring the bhie colour

of reddened litmus paper; by its rendering a minute drop
of sul|)hate of copper on a slip of white paper deep blue; and
also, at the suggestion of Dr. Paris, by introducing into it a
slip of pa})cr moistened in a mixed solution of nitrate of silver

and arsenious acid, the yellow tint of arsenite of silver being

immediately produced.

Vol. 05. No. S24. Ai>ril 1825, R r Potash
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Potash is not the only snbstance which produces this effect

with the metals and vegetable substances. Soda produces it

;

so also does lime, and baryta,—the latter not being so effec-

tive as the former, or producing the phenomena so generally.

The common metallic oxides, as those of manganese, copper,

tin, lead, &c., do not act in this manner.

Water or its elements appear to be necessary to the expe-

riment. Potash or soda in the state of hydrates generally

contain the water necessary. Potash, dried as much as could

be by heat, produced little or no ammonia with zinc; but re-

dissolved in pure water and evaporated, more water being left

in it than before, it was found to produce it as usual. Pure

caustic lime, with very dry linen, produced scarcely a trace of

ammonia, whilst the same portion of linen with hydrate of

lime yielded it readily.

The metals when with the potash appear to act by, or ac-

cording to. their power of absorbing oxygen. Potassium,

iron, zinc, tin, lead, and arsenic evolve much ammonia, whilst

spongy platina, silver, gold, &c., produce no effect of the

kind. A small portion of fine clean iron wire dropped into

potash melted at the bottom of a tube, caused the evolution

of some ammonia, but it soon ceased, and the wire blackened

upon its surface : the introduction of a second portion of clean

wii'e caused a second evolution of ammonia. Clean copper

wire, infused potash, caused a very slight evolution ofammo-
nia, and became tai'nished.

The following, among other vegetable substances supposed

to contain no nitrogen, have been tried with potash in tubes

open to the air : iignine, prepared by boiling linen in weak
solution of potash, then in water, afterwards in weak acid, and
finally in water again ; oxalate of potassa, oxalate of lime,

tartrate of lead, acetate of lime, asphaltum, gave very striking

quantities to turmeric and litmus paper ; acetate of potash,

acetate of lead, tartrate of potash, benzoate of potash, oxalate

of lead, sugar, wax, olive-oil, naphthaline, produced ammo-
nia, but in smaller quantity; resin appeared to yield none, nor
when potash was heated in the vapour of alcohol or ether, or

in olefiant gas, could any ammonia be detected.

It may be remarked, that much appeared to ilepend ujion

the quantity of potash used : sugar, for instance, which with

a little potash would with difficulty yield traces of ammonia,
does so very readily when the quantity of potash is doubled or

trebled ; and linen, which with potash gives ammonia very

readily, yields it the more readily^, and in greater quantity,

as the proportion of potash is increased.

PROFESSOR
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PROFESSOK GMELIN ON A NEW FORMATION OF ANHYDROUS
SULPHURIC ACID.

It has been an opinion hitherto received, that anhydrous

sulphuric acid can be obtained in no other way than by de-

composing in a distillatory apparatus such sulphates as, when
heated, give off their acid—such as calcinated iron-vitriol. It

is generally known that the fuming oil of vitriol from Nord-
hausen is procured in this way. I have found that the not

fuming (so called in English) oil of vitriol yields at a certain

period of the distillation fuming acid. I heated in a retort,

connected with a receiver, 6 pounds 14^ ounces English oil

of vitriol, of a specific gravity, = 1-8435 at + 10^° R., which
was not the least fuming. The acid never came to boiling

;

the temperature of the air was 0° R., four ounces having dis-

tilled, having a strong smell of sulphurous acid; the receiver

was emptied, cleansed, and applied anew. When eight ounces

of an acid, which was quite destitute of smell, had distilled

over, the receiver, which had hitherto been perfectly trans-

parent, was suddenly filled with vapours. It was removed,

and another dry receiver applied, which was now surrounded

with powdered ice. There was condensed an acid partly not

transparent, partly transparent and crystalline ; a good deal

of the solid acid was found in the neck of the retort. This

solid acid was exceedingly fuming, like that produced from the

fuming oil of vitriol; it remained solid at +12° R., and had
no smell of sulphurous acid. When brought in contact with

a certain quantity of sulphur, in a close air-tight glass vessel,

a green compound, having the colour of muriate of chrome, was

formed, and a little sulphurous acid was disengaged. This

green mass being brought in contact with water, a very great

neat was evolved, sulphurous acid formed, and sulphur dis-

solved. When the solid acid was brought in contact with

water, diluted acid was formed, but no sulphurous acid. This

diluted acid being saturated by potash, and evaporated to

crystallization, no nitre was formed, nor were nitrous vapours

produced by heating the dry mass with concentrated sulphuric

acid. The specific gravity of the acid left in the retort,

which was now scnsiblij fuming, was found = 1*8503 at +13°
R. ; the specific gravity of the acid which distilled over, =
1*4309 at + Hi" R.* This experiment being rej)eated with

the same acid, the same result was obtained. But it may hap-

pen that the moment at which the iiiming acid is formed is

overlooked: in the experiments just now mentioned it was

• The ^iiciific gravitic.-. were (lului'miiicd l)y nicaii'i of a small liolllc, [»ro-

vidcd with a [ihitf urmind iijion its neck.

R r '2. iiui
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not formed ; but in the fiist half of the third day (during the

two first days, from seven o'clock in the morning till nine

o'clock in tlie evening), fire had been kept in the furnace, and
its formation could not longer be perceived than during about
half an hour*. These experiments leave, I think, no doubt
that the solid acid really was anhydi'ous sulphuric acid. Its

formation may thus be explained,— that, in a certain concen-

tration of the aqueous sulphuric acid, part of the acid yields

its water to another part of the acid, and is voladlized ; where-

by, on one side, by the great volatility of the anhydrous acid,

on the other side by the great fixity of the acid containing

water, this kind of decomposition seems to be induced.

—

BrCiXsto's Juiirti.

MR. FARADAY ON THE COMPOSITION OF CRYSTALS OF SUL-

PHATE OF SODA.

It is known that when a hot strong solution of sulphate of

soda is put into a vessel and closed up, it may be reduced to

common temperatures without crystallizing, although, if the

vessel be opened, abundance of crystals will immediately form.

It has also frequently been observed that, in some circum-

stances, crystals would form in the solution during cooling,

even though the vessel had not been opened or agitated.

These ci'ystals, when observed in the solution, are very trans-

parent and of a large size; they are quadrangular prisms,

with diedral summits. Upon opening the vessel, the sur-

rounding solution crystallizes rapidly, enveloping the first

formed set of crystals with others, which, however, are very

readily distinguished from them in consequence of their im-
mediately assuming a white opaque appearance. Upon taking

out the crystals, those first formed are found to be much harder

than the usual crystals of sulphate of soda; and when broken,

it is found that the opacity is not merely superficial, but that

it penetrates them to a considerable depth, and even at times

throughout.

These harder and peculiar crystals are readily obtained by
closing up a solution of sulphate of soda, saturated at 180°, in

a Florence flask, boiling the solution in the flask so as to expel

the air before closing it. Upon standing 24 hours, fine groups

of crystals arc formed. When the flask is opened, the solution

deposits fresh crystals ; but on breakhig the flask, the latter

may be scraped off" by a knife, in consequence of the superior

hardness of the first set.

* I quote these circmnstances, that it may appear how slowly the dis-

tillation piocecdeii. Probably no fuming acid will be formed when the fluid

in the retort is brought to boiling.

I'he
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The hard crystals when separated are found to be efflores-

cent, like those of the usual kind ; and they ultimately give off

all their water, leaving only dry sulphate of soda. When a

given weight was heated in a platina crucible, one half their

M'eight passed off as water, the rest being dry salt. They,

consequently, contain eight proportionals of water, or 72 sul-

phate of soda, and 8 x 9 = 72 water. The usual crystals of

sulphate of soda contain 10 proportionals of water.

When crystallized sulphate of soda is heated in a flask, a

part of it dissolves in the water present, whilst the rest is thrown

down in an anhydrous state. The solution at 180° appears to

contain one proportional of salt 72, and 18 proportionals of

water 162 ; from which, if correct, it would result, that when

the crystals are heated to 180°, 4 of the salt take all the water,

whilst I separate in the dry state.— Q,uarterlij Journal.

INFLUENCE OF COPPER, ETC., ON MAGNETIC NEEDLES.

M. Arago communicated to the Academy of Sciences his

experinents relative to the oscillations of a magnetic needle

surrounded by different substances. He had ascertained that

the copper rings with which dipping-needles are generally

surrounded exerted on the needles a very singular action, the

effect ofwhich was rapidly to diminish the amplitude of the os-

cillations without sensibly altering their duration. Thus when

a horizontal needle suspended in a ring of wood by a thread

without tension was moved 45° from its natural position, and

left to itself, it made 145 oscillations before the amplitude was

reduced to 10°. In a ring of copper, the amplitude diminished

so rapidly that the same needle, removed 45° from its natural

position, only oscillated 33 times before the arc was reduced to

10°. In another ring of copper, of less weight, the number of

oscillations between the arcs of45° and 10° were (56. The time

of the oscillations appeared to be the same in all the rings.

In the ring of wood 145 oscillations from 45° to 10°

copper 33 45 10

In a lighter copper ring 66 'I'S 10*
. Rev. Ency.

MEDICINAL LEECHES.

A report has lately been laid before the French Academy

of Sciences, by MM. Uumcril and Latreille, on a memoir by

MM. Pelletier and Huzard, jun., containing researches upon

leeches. . .

« The authors of this memoir had been commissioned to

obtain information for the civil authorities relative to the

means of putting an end to llie cumphiints which are often

made
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made to them respecting the bat! quahty of the leeches em-

ployed ill medicine. The two chief points which they pro-

posed to examine, are, 1st, To ascertain the causes which in

certain cases render the little wounds made by these animals

difficult to cure. 2dly, To examine the circumstances under

which certain leeches do not penetrate the skin to which they

are applied. On the first point authors agree with physicians

in acknowledging that the inconveniences ascribed to leeches

ouwht most frequently to be attributed either to the tempera-

ment of the patient, or to the nature of the malady, or to the

means employed to detach them from the wound, or to the

foreign substances employed for staunching the blood and

closing the wound. With regard to the second point, MM.
Huzard and Pelletier have found that there are offered for

sale species of leeches that at first sight entirely resemble me-

dicinal leeches, but which differ from them completely; 1st,

in their want of the serrated instrument proper to make the in-

cisions in the skin, from which issues the blood that the ani-

mal sucks ; 2dly, in the conformation of their stomach and in-

testinal canal. The experiments of the authors have proved to

them that the spurious leeches cannot be employed in medicine,

because they do not bite. M. Dutrochet has already de-

scribed, in 1817, the Aimelide offered as a new species by MM.
Huzard and Pelletier ; but there crept into his work some er-

rors relating to the manners, the habits, and the organization

of this animal, which for a year has been the particular ob-

ject of the authors."

—

Eev. Ency. Feb. 1825..

LIST OF NKW PATENTS.

To Robert Hicks, of Conduit-street, surgeon, for an improved bath.—

Dated 2id March 1825.—6 months to enrol specification.

To Francis Ronalds, of Croydon, Surrey, esq. for a new tracing appa-

ratus to facilitate the drawing from nature.—23d March.—2 months.

To Richard Wilty, of Kingston-upon-ILill, civil engineer, for an improve-

ment in the method of lighting by gas, by reducing the expense thereof.—

2,5th March.—6 months.

To John Martin Hanchelt, of Crescent-place, Blackfriars, London, and

Joseph Delvalle, of Whitccross-street, Middlesex, esqrs.for an improvement,

communicated from abroad, in looms for making cloths, silks, and different

kinds of woollen stuffs, of various breadths.—25th March.—6 months.

'I'o Joseph Manton, of Hanover-square, gun-maker, for an improvement

in shot.—25th March.—6 months.

To John Gotlieb Ulrlch, of Bucklcrsbury, London, chronometer-maker,

for improvements on chronometers.—25th March.—6 months.

To Aaron Jennins and .John Bclteridge, both of Birmingham, japanners,

for improvements in the method of preparing and working pearl-shell into

various forms and devices, for the purpose of ap|>lying it to ornamental

uses in the manufacture of japan ware and other articles.—2!}lh March.

— 6 months.
To
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To Richard Roberts, of Manchester, civil engineer, for improvements in

the mule, billy, jenny, stretching frame, or other machines used in spinning

cotton, wool, or other fibrous substances, and in which either the spindles

recede from and approach the rollers or other deliverers of the said fibrous

substances, or in whicii such rollers or deliverers recede from and approach
the spindles.—29th March.—G months.
To James Haumer Baker, of Antigua, (now residing in St. Martin's-lane,)

for improvements in dyeing and calico-printing by the use of certain vegeta-
ble materials.— 29th March.—6 months.
To Maurice de Jongh, of Warrington, cotton-spinner, for improvements

in spinning machines, and mules, jennies, slubbers, &c.—29th March.

—

6 months.
To Edward Sheppard, of Uley, Gloucestershire, clothier, and Alfred

Flint, of the same place, engineer, for improvements in machinery for rais-

ing the wool or pile on woollen or other cloths by points, also applicable
to brushing, smoothing, and dressing cloths.— 29th March.— 2 months.
To Thomas Parkin, of Bache's-row, City Road, Middlesex, merchant,

for a mode of paving parts of public roads, whereby the draft of waggons,
carts, coaches and other carriages is facilitated.—29th March.— 6 months.
To Rudolphe Cabanel, of Mclinaplace, Westminster Road, Lambeth,

engineer, for improvements on engines or machinery for raising water, part
of which machinery is applicable to other usefid purposes.—.30th March.—6 months.

To John Heathcoat, ofTiverton, Devon, lace-manufacturer, for improved
methods of figuring or ornamenting various goods manufactured from silk,

cotton, flax, «S:c.—31st March.—G months.
To Jacob Jedder Fisher, of Ealing, Middlesex, esq. for a new application

of rail-ways, and the machinery to be employed thereon.—2d April.

—

6 months.
To Simeon Broadmeadow, of Abergavenny, Monmouthshire, civil en-

gineer, for his apparatus for exhausting, condensing, or propelling air,

smoke, gas, &c.—2d April.— 6 months.

To William Turner, oi" Winslow, Cheshire, saddler, and William Mose-
dale, of Park-street, Grosvenor-square, coach-maker, for an improvement
on collars for draft horses.—2d April.—2 months.

To Robert William Brandling, of Low Gosforth, near Newcastle-upon-
Tyne, for improvements in rail-roads, and carriages to be employed thereon
and elsewhere.- 12th April.- G months.

To William Hhalders, of the city of Norwich, leather-cutter, for a gravi-

tating expressing fountain for raising and conveying water or any other
fluid, for any purpose.— 12th April.—2 months.

To William Gilman, of Wliitechapel Road, engineer, and James William
Sowerby, of Birchin-laiie, London, merchant, for improvements in gene-
rating steam, and on engines to be worked by steam or other elastic fluids.

13th April.—G months.

To Thomas Sunderland, of Croom's Hill Cottage, Blackheatli, Kent,
esq. for a new C()ml)inatic)n of fuel.—20tii April.—G months.

To Charles Ogiivy, of Vernlam-buildings, Gray's inn, esq. for an im-
proved apparatus for storing gas.—20th April.— (> months.

To JohnBroonifield, of Islington, near Birmingham, engineer, and Joseph
Luckcock, ol" Edgbaston, near Hirmitigham, for improvenients in the ma-
chinery for pr()i)elliug vessels.—20th April.— G months.

To Lemuel Wellman Wright, of \Vellclosc-s(|uare, Middlesex, engineer,

for improvements in apparatus for washing or bleaching of linens, cottons,

&c.— 20tli April.—C months.

A METEORO-
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LIII. Ofi the Binomial Theorem^and theApplication ofsomePro-

loerties of A'". o" to General Differentiation and Integration.

By John Herapath, Esq.

FROM the time I first became acquainted with the fluxional

discoveries of Newton, it forcibly struck me that his cal-

culus was only a particular branch of a much more general

one. I felt, therefore, surprised that mathematicians had suf-

fered upwards of a century to pass without any attempt, I

might almost say without even a hint, towards its generaliza-

tion. They have given us methods by which we can generally,

by successive operations, obtain the value of any order de-

noted by an integer of the differentials or integrals of a func-

tion ; but to extract, if one may so call it, any differential root,

or even to assign the value of dl" . x^ when r is only a fraction,

to say nothing of its being an irrational or imaginary number,

seems to have been looked on as an impossibility. Lacroix,

I have heard, has said something of fractional differentials ia

liis great work on this calculus; but he considers them, it seems,

as cjuantities of a different kind fi'om integer differentials.

M. Brisson too in the Journal Polytechnique, 14 cahier, page

199, has given a series for —!^ whatever be the value of »;

dx

but the series is of a most troublesome description, and by

proceeding according to the integer differentials of ~~^
is, in

my opinion, nearly if not quite useless. The development of

d^u may, if that only be sought, be obtained by a much sim-

pler and neater method.

Mr. Babbage has likewise in one of his functional papers

incidentally alluded to fractional differentials in mentioning

M. Lacroix's opinion ; but he has not that I remember said

any tiling which might lead to their calculus.

1 should also mention that Mr. Herschcl, in a letter dated

Vol. 65. No.325. Ai«// IS'irj. Ss October
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October 17, 1822, informs me, that he has long had an idea

of a "new calculus" by which " we may inquire what is the

nature of an operation P to be performed / times in succes-

sion (according to its own peculiar rules) on any function ipx

which shall produce fi-om it

<p(x+1) -4>jc;"

and of course give P' ^ .r = A<px and P = A ' . This, how-
ever, is confined to the method of differences and rational

orders, and will not do for irrational, nor, as Mr. Herschel
observes, for imaginary orders. What length Mr. Herschel

had then or has subsequently carried his researches I have

not heard. From the above slight account which he has

given me of his " new calculus," I am inclined to think it is

different from one that has conducted me to some singular

discoveries, particularly respecting the properties of functions,

and of a"*. O", and most branches of analysis. But whether
our calculi be similar or dissimilai', I have thought it due to

Mr. Herschel to make the above quotation. With respect

to my own calculus, it is much more general than any I have
yet seen. The results of Generating Functions, which is the

most refined and powei'ful invention of the present age, flow

from it with extreme facility ; and in the cases I have yet con-

sidered with much superior generality. Some new views

having recently opened presenting a large field for discovery,

and the great extent of the subject, prevent me, however, from
now discussing it. I shall therefore confine myself to some
theorems relating to general differentiation and integration,

which I first obtained by my calculus, but which I perceive

may be demonstrated by common Algebra. As these algebraic

proofs were first suggested and are easily inferred fiom a sim-

ple algebraic proof of the binomial theorem, whicli, at his re-

quest, I undertook to discover and send to my late pupil Mervyn
Crawford, Esq. of Trinity College, Cambridge, I shall com-
mence with this demonstration, which will save me going into

the minutiae of the demonstrations of the other theorems.

Algebraic Demonstratio7i of the Binomial Theorem.

Let X + ,y be the binomial root whose first powers by the

ordinary rules of involution are found to be
X -\- y = X -v y
{x + y)- = J'"- + 2x V + }f
\x + yY =. x^ -\- 3x\ij + 3.ry + y' ...

{x + yY = X* + ^x^y + Gx'y- + 4^7/' + y ^ '

\x + yY = x'' + 5x*y + lOjp'y + lO^i/^ J- 5x7/ + j/*

(X + yf = a-' + ar^y -f 15x*f -f 20x^1/ j\- 15.ry + 6x1/'^ + y^
' Of
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Of the law of the exponents and the coefficient of the first

term it is commonly thought superfluous to offer any proof,
whatever the exponent may be : I shall therefore, and for the
sake of brevity, attend only to the coefficients of the second
and following terms. Divide now in each power of (A) the
several coefficients by the next preceding, and there will re-
sult :

3.d_j.9d 4,th_i.3.d 5th'_^,i.ih 6"'-;-5"' (m+ ])'h4.jn"'

1st power 1

2d ... 2
3rd ... 3

4th ... 4
5th ... 5

6th ... 6

nth ... n
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Now, if n = r-\- v, and 7ihe as before an integer, r or v may

be any number rational, irrational, or imaginary ; and since

the sum n of these numbers is an indeterminate positive inte-

ger, they will in point of value be independent. But

71-1 n-2 , , ,r+ i)— 1 r+v-2

or

n +an +("l _ (r + t)) -|-a(r+f) +a,{r + v)

r.2. ..(<?-!)
~

1.2. ..(y-1)

= !7. + 2,(?-l),...?„ (F)

And because in the two right hand members of this (F), r

and V are independent variables, these members when duly

reduced must not contain any product of the powers of the

variables ; for if they did, the function of either variable would

be affected by the changes of the other variable, which it

should not. The middle member therefore of (F) must con-

tain only the sums of the powers of r and v, and the right

hand member only the two exterior terms. Consequently

^r^^v~ 1.2. ..(9-1)

which again, on account of the independence of the functions,

will evidently give

(^_l)(,-2)... _^ (,-i) (.,-2)...

?r = ''
1.2...(,-1)

^"^ ?. - ^ 1.2..,_lT

which completes the proof.

This conclusion we may easily verify by actual reduction.

Thus 2 +2 =2, =2 = n = r + n
r V r-\-v n

which since 2 and 2^ are independent, as well as r and ?i, give

2 = ?• and 2 = u

and because

(r + y)
'"^""^ = 3 + 2- 2 4- 3 = 3 + i;?- + 3

2

(>•- + f-) - (•'• + ") = 3+3O 1.2

we have by reason of the independence of the functions

3 = !-(f-J2 and 3 = ^-i^
>• 1.2 V 1.2

and so it may be shown of the rest.

We may here remark, that any coefficient of the binomial

expansion, as y^, may be represented by A ~^r, so that we

have the binomial theorem under the new form
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{.+^Y = /[Ar+ f.
A^• + 5- A-V + ^ A-\ ...]

= ^:-~^r (G)

X

in which the abbreviated operation refers to r as the variable.

It should here also be remarked, that the binomial develop-

ment terminates at the term immediately before that whose
coefficient becomes = ; and if this does not happen, it goes

on ad iri/inifum. We shall in more than one instance pre-

sently see the value of this apparently trifling observation.

On General Differentiation and Integration.

We will commence with the simple differential

jr n
a- X

whose numerical coefficient is to be determined, whatever be
the values of r, n ; for the value of the exponent is under all

circumstances evidently n — r. Let us put n for the coeffi-

cient, and when r is a whole positive number the ordinary

processes of differentiation give

(1)n
r
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tional, irrational, or imaginary. We have hence a general

expression for cf. .r" whether r and n be possible or imaginary

numbers. Before, however, I make any observations on the

properties of the numeral coefficient n^ I shall proceed to dis-

cover another expression much more elegant and commodious

than our (3).

Thus A.a-'' = (.r+l)"-x"

A''..t'^' = (x + 2)''-2(^ + ir4^''

A^.a:' = (^+ 3f-3(^ + 2)'''t-3(x+l)"-/

and generally when n is any positive integer

A"./= (x+ rj)"-«Cr+n-l)" +«'^Gr + «-2)''. . . (4)

continued to the term next preceding that whose coefficient

becomes =0. But these coefficients are the same as the bi-

nomial, and have therefore the same proof for non-integer

values of n. Hence (4) is true, whatever be the value of n,

and we know it is true for all values of .r and v\ it is there-

fore true universally.

I shall show presently how to deduce from this finite ex-

pressions for negative integer values to n.

If we put .r=Owe obtain the celebrated expression for

a". O", namely

a". o"= n- n («-ir+ n'-=^ {n-2)\ . . (5)

true likewise for all values of n and v, whether possible or im-

possible.

This expression I sent between two and three years since

to an able mathematician as true for imaginary values of 7i.

It was of course given without demonstration, and hence he

thought it merely a definition. The investigation, or rather

the demonstration, I have now given it, will however, I pre-

sume, entide it as much to the appellation of a theorem as the

binomial expansion.

I have hitherto proceeded in an algebraico-demonstrative

manner, which will easily lay open the process of the follow-

ing investigations ; I shall therefore be more concise in what

I intend to add in this paper.

An easy management of (4) will bi-ing it under the form

or, abbreviated, f-{t-\^-t£^Y.x' (7)

which
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which admits of an algebraic equality with A^x" when ^=1.
From this expression we deduce

A".o"= n. w— 1. w— 2 . . . (8)
which terminates at the term immediately before that which
becomes = 0, or else proceeds on ad infinitum like the other
expressions. Hence we easily get

a. X ^ . n—r

ax A . ^ '

whatever be the values of n and r.*

This is the commodious expression I before alluded to ; and
perhaps, independent of its importance and its containino- the
first attempt that has yet been made towards applying the pro-

perties of a". O" to general differentiation, mathematicians will
not think my anticipation of it, as an elegant theorem, un-
merited.

We will now slightly glance at two or three of its conse-
quences. Suppose r is any positive integer, n being any num-
ber, then

n— r A .

n— r. n— »— 1. . . to 1 or <»

= ?/...w-r + l.x"-'" (10)
and if r be any negative integer, then

•r" ^JLiS! =.r''+; 7,.n-\...\o\or^ / + '

^""""'.0" ''

n-\ r.
. .n-n—\ ...toXoTc/i «+l ...n-\-r (^0

which are known to be the ?th differential and integral of ^".

If n be a positive integer and r>n it appears by (10) that
the numeral coefficient n =0

r

which agrees with the result of ordinary differentiation. And
if n and ; be both negative integers, then

—n.— «— l.-.to''
I

", — > ~r:""r~r—.r,-_T-r = oo or —r-7i.r— »j— 1... tol orco r— n...\— n

CV3 holding when r is equal to or greater than n, and the finite
value when ;•<?/. This too is perfectly consistent with the
common integration

; for our theorem must of course give un-

corrected integrals. 'J^hus in the well-known /^ the com-
mon value log x is not the natural but a corrected value.

* This theorem, by chanj^inj^ dirtereiitials into integrals hy a mere change
of the sign of the exponent of the order, would induce us to term what
we call intcgratior, negative differentiation.

The

.
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x°
The natural value is — = oo ; but if this be corrected it be-

comes x°-a° [l + (t— 0]°-a°

~
0-1

,
0-1 0-2

l_a°+0(a— 1)+0-— (.r-l)MO-— .—^ (r-l)3...

= {x-l) — + -^...
which is denominated the log. of j".

We may here observe that the properties of logarithms, and
the same form to the function, would be found, if we seek the

form of \i so that

•^.x"' may be = n-\)X (H)

generally. For changing n into + m and adding we have

y.OT -\-'^.x— = (« + m}\|/jr = \|/,,r
—

or rj/.x" + i}/..r''* = {ii±m)^x^ ^I/.x"±'" (I)

Putting therefore 3/= jc" and z = j;"' which, since m and n may
be any independent quantities, may allow y and 2 the utmost

independence, we find

tj/j/ + v|/~ = \I/..?/z and \|/?/— \I/~ = vj/. ^ (K)

Moreover, differentiating (H) we get

X'if'x=.x^-i/.x^= x°.'i^'.x°=- -i/A = a

and consequently •^'x = — (L)

which is the well-known form of the differential coefficient of

a X log cr. From the assumed (H) it follows when ?« =
that 4/. 1 = ; and the other principal properties of logarithms

are evidently contained in (I), (K), (L).

If we investigate the problem under the still more general

form of
\J/. x^ = n

\J/^ x

and search the relation of the functions \I/, vj/^ we should arrive

at the same conclusion.

But to return : if n be a positive integer and /• any non-irv-

teger, A". O" is finite and a"~'^.0"~' infinite, and of course

7ir = 0. Therefore, any non-integral differential of a positive

integral power is nothing. This curious property of fractional

differentials may be otherwise proved, but my limits will not
allow of minutiae.

If n. be a non-integer and n — r a positive integer, the nu-
merator of (9) is infinite, the denominator finite ; and there-

fore n = CO. It
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It is also obvious from n,- in (9) that

d''-''^'-=d-'dW' = dWd-'=d'd-''d''
a well-known property.

I have before observed that our formula (9) gives only the
uncorrected integral. If the correct and complete integral be
sought when r is an integer it will be

d.~''.x' + aod^~\a:° + a,d^~\x°...a^_^d°.x° (12)
in which a^, «,, a.,. . . are the arbitrary constants. And if r be

a rational fraction = ^, the complete integral will be

^ m—l m—2 1

d ' .x^+aod" ' .x° +a,d^~'^.x°...a^_^d^~T^:c°{l3)

the arbitrary constants being such, if the problem requires it,

as to neutralize the fractional differentiation on the integer
power 0. We must therefore in considering (13) regard the
several orders of d as referring to the powers of .r only, and
the numeral coefficients as comprehended in the arbitrary con-
stants. This remark is of considerable importance towards a
right understanding of the import of (13). It would other-
wise appear that a successive differentiation of the order J_ to

—, which successively nulls the right hand terms and ulti-

mately leaves as it should = x", is different from a sino-le dif-

ferentiation of the order -^ ; whereas it ought to be and in-

deed is the same. For the — differential of any term the

a _ d * . x° is actually

"^
.
_"»—

y

i_!?r^ J!L

^'-^y-\<^ ' '^° = "„^\(^ 'd'>.x°

which, since by our preceding d* .x° = and ad '
. x°

is finite, is null.

Hence it appears that the complete ?th integral of any sim-

ple quantity x" consists of as many terms as there are units
plus one in the numerator of the order r, the order being in

its lowest terms. Therefore when the order is irrational or
imaginary the number of terms is infinite.

We may now easily deduce some interesting properties of
the series (3) and (5), and show how to approximate to the

n n

value of the ratio -
^^^ ^^_^ , when the factors run on to in-

\'<i]. (if). Sn. fi'2.->. M,7i/ ]H2r,. Tl /illily
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finity with unequal terms : we may also, from the develop-

ments of

fd^{x,y)=f[d^, + dy ]^ {x,y) (14)

f and 4) implyhig any functions whatever and d^ d diffe-

rentials respectively relative to x and y, deduce some valu-

able consequences; but such speculations, to do them justice,

would much surpass the reasonable limits of a mere sketch

like this. I shall therefore now merely develop rf"'' 7/^, and

proceed to general differences. Suppose in (14) fd = rf~%

and (p{x,y) = x° u then by our demonstration of the bino-

mial theorem

d~''u = 0_/u^-r.Oxdu + r~ .Ox'"^^d^u ... (15)
_r—1 ' —r—

2

X

whatever be the value of r, supposing dx= I. Ifr=l the

expression coincides with Bernouille's. This is the natural

integral ; if the complete be sought it is found by merely adding
the correction of (12) or (13), as ?• may be an integer or fi-ac-

tion to (15). This is the complete integral of any function

of X whatever be its order found in the successive differentials

of the given function. It however depends on the form of

u whether this expression be very useful. Other and much

more serviceable formulae might be given, by considering the

function as of two variables; but as they would lead me into

discussions foreign to my present object, which chiefly re-

spects non-integral differentiation, I shall not swell the paper
with them.

On General Differences.

When the order of the difference is a positive integer, the

formula (4) is probably as good as any that could well be
given ; but if the order be fractional or negative it is better to

have recourse to (6) or (7). For instance, n being negative

we have

4- 2 -I- 9, ... (16)

when t — \. But in this case it is obvious that all the mem-
bers become infinite. Now I have already observed in nega-
tive differentials, that the integrals obtained by our process

are uncorrected. The same is also true in negative diffe-

rences. If we th -""efore partially correct the preceding ex-
pression by differentiating each term with respect to t in the

* I here employ 2,^, 3^^ . . to signify the binomial coefficients.

numerator
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numerator and denominator, until the exponents in the deno-

minator are reduced to 0, we shall have

A-"./= I"i + ,^'11'- A./+ i^^-A'.,-.(17)

employing the same notation for the differential coefficients as

before, and ultimately putting t = I. This expression, it is

evident, always terminates when u is a whole positive num-

ber. It however depends on the properties of the differential

numeral coefficients whether the value of the formula be no-

thing, finite, or infinite ; but having considered these at some

length in the general differentiation it w^ould be tedious to go

through a repetition in an application of them in this place.

Most of the properties are very similar to and coincide with

those for the integration of jt", when m is a non-integer. If n

be an integer, then
— n V x...i— n-\-\ V „ x-)-l...x— 71 + 1 ^ »'

, o r+2...J— n-)-l

A"'.x\..
_

_
(18)

This expression terminates when u is a positive integer

whatever be the value of x, and also when x is an integer

from <?^— 1 to -co whatever be the value of d; a property

that I have not noticed in any other theorem for integration

I have yet met with, and which may obviously be applied to

some curious purposes.

The formula (18), though partially corrected, gives not the

complete integral. What we have done is only to bring it

from an infinite to a finite value. To have the complete in-

tegral difference requires a correction with the inferior na-

tural integrals, similar to the correction in the negative diffe-

rential. The complete integral is therefore

when n is an integer. Precisely analogous to (13) comes out

likewise tlie complete integral difference when n is a fraction;

and I therefore think it unnecessary to give it.

The transformation in (6) or (7) applies equally well whether

we take x", or u^ any function whatever of x. Therefore by

(17), (18), and (19) we shall have

^-'.., = J^„ +2 ^^!^A«^+ 3„^-:i^AV-f...(20)

the natural integral for any value of n ; and

— n
A n = r...r-n+l

,
« r+l...x-n-fl

«- +2,^£iif-A«,+ ... (21)

T t 2 t*»e
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the 7iatural integral when ?i is a whole number ; and

A-\ = (21) + a,A^-".x° + a,A'-"..rO +...«,,_, A^-V^22)

the complete integral n being a whole number.

Should A w = —' we shall have

for the natural integral when n is a whole number and the

common difference = a. And because

if in (23) we put a = we find

» n+I "+2
rf-\ =-^— w +^,^— dti + 3„ .^_^l!f_... (25)

^ 1.2...n X "l.2...(»+l) ^
1.2...(ni2)

^
'

which coincides with (15) when r-=n = a whole number.

We see from (24) and (25) that the calculus of differences,

and the differential calculus are not nierely similar, but one

and the same in principle ; the differences in the one case be-

ing finite and in the other nothing. Hence the reason of the

strong similarity in the processes, though it should be ob-

served that what is usually imderstood by the method of dif-

ferences is in fact the calculus of functions.

It would be supei'fluous to make any observations on the re-

markable simplicity and generality of these formula?. Nor
can it be expected that I should here notice the variety of

purposes to which the double liability of (21) and (23) to ter-

minate may be applied. These speculations may probably

form a part of what I may have to say of the calculus to which

I have already alluded.

LIV. Some Notices coticerning the Plants of various Parts of
India ; and concerning the Sanscrita Names of those Regions.

By Francis Hamilton, M.D. F.R.S. Sf F.A.S. Lond. and
Edin.*

AS it is my intention soon to publish, in various works on
Natural History, the observations on the Botany of India

which I made during my residence there, I wish to place on
record an account of the opportunities which I enjoyed of

making such observations, with the view of exjilaining to the

botanist where he may find the various collections which I

* From the Eiliii. Pliil, Trans, vol. x. part I.

made
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made in different parts. I also wish to explain the geogra-

phical terms that I shall employ in giving an account of the

places where I found each species. For this purpose I prefer

using the ancient Sanscrita names, both as being more scien-

tific, and as being more likely to remain permanent ; for, after

a lapse of many ages, they continue to be known to all Hindus
of learning, while each new invasion or revolution sinks into

immediate oblivion the mushroom appellations imposed by
modern rulers, whether Muhammedans or Christians.

Immediately after my appointment to the Company's ser-

vice on the Bengal establishment, I was sent with Captain
Symes to the court of Ava, and, during the year 1795, I had
an opportunity of seeing somewhat of the Andaman islands,

with a good deal of the kingdoms of Pegu and Ava. The
plants of the Andaman islands are nearly similar to those of
Chatigang, of which I shall give a more full account. Those
of Pegu nearly resemble those of the southern and eastern

parts of Bengal, while those of Ava bear a stronger resem-
blance to the productions of Mysore. The reason of this

seems to be, that the territory of Pegu enjoys much more co-
pious rains than Ava, which, like the southern parts of what
we call Hindustan, is a parched country, and, in order to

brijig rice to maturity, requires artificial irrigation by means
of reservoirs or canals. On the way, however, between Pegu
and Ava, where we approach the mountains bordering Arakan
on the east, we had a vegetation much resembling that of
Chatigang and of the mountains extending from thence along
the eastern frontier of Bengal, which will be afterwards de-
scribed. The plants which I collected during this journey
were transmitted, together with a good many diawings, to the

Court of" Directors, and were given to Sir Josejih Banks, in

whose collection they probably remain; but copies of most of
the drawings, partly coloured, were preserved by me and de-
posited in the Company's library. I also pieserved a copy of
the notes, which I took on the spot, and tiiis will be found in

the same collection.

In 1796, 1797, and part of 1798 I was stationed at Lukhi-
pur, in the south-eastern part of Bengal, and in the ancient
kingtiom of Tripura. My time was there much occupied in

describing the fishes of the country ; but I took many descrip-
tions of plants, which are also deposited in the Company's
library; but I did not i)reserve specimens. I corresponded,
however, very frefiuently with Dr. Roxburgh, and transmitted
to him whatever he thought would be acceptable, learning at

the same time what botii lie and Kcenig called various plants.

In spring 1798, by the desire of the Board of Trade at

Calcutta,
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Calcutta, I visited the district of Cliatigang, which, together

with that of Komila, formed the chief part of the ancient king-

dom of Tripura; and I afterwards skirted the hills of Komila,

where the tribe of Tripura still maintains a kind of indepen-

dence. Here I had a full opportunity of examining the splendid

vegetation of the well watered districts of Further India {ex-

tra Gangem), which bounds the extensive Gangetic plain on

the east, and extends south from what we call China to the

ocean. It must be observed, however, that this Further India,

as it has been called, is the proper China of the Hindus, from

whom we derived the word, while what we name the Chinese

empire, the Hindus call INIaha China, or the Great China.

The largest portion of this Further India, or Southern China,

is mountainous and well watered ; but its mountains no where

rise to an alpine elevation, and, owing to a copious supply of

moisture, and a deep soil, are, in general, covered to the sum-

mit with lofty forests. I have already mentioned that a great

part of the proper kingdoms of Pegu and Ava differs a good

deal from the general appearance ofthe neighbouring countries,

the former resembling more the southern plains of Bengal, and

tlie latter the southern peninsula of India ; but by far ihe greater

portion of this Further India, in its vegetable productions, re-

sembles Chatigang ; and what Rumphius called India Aquosa,

or the immense Eastern Archipelago, including the Andaman
and Nicobar islands, may be considered as belonging to the

same vegetable arrangement. Of this the most prominent

feature is a tendency in trees of considerable size to twine

round others, forming thus forests almost totally impervious.

These twining trees, the Funes s^lvestris of Rumphius, are often

thicker than the human body, and extend to great distances,

overwhelming the most lofty and vigorous woods ; and so

strong is the tendency to this kind of vegetation, that some
e\en of the Palmce {Calamus, L.), a tribe in general remarkable

for erect stiffness, are here climbers, and, after overtopping the

highest trees, again drop branches to the earth, which take

root, and climb up the trees that are adjacent ; and thus, with

other thicker, though less powerfully armed climbers, form a

mat which becomes almost impenetrable. This thick vegeta-

tion produces a delightful coolness, and preserves a moisture

that encourages the growth of numerous and beautiful parasi-

tical plants, Filices, Aroidete, and Orchidecc ; but renders the

climate rather sickly to constitutions unaccustomed to such a

moisture. In this fine region, the valleys between the hills

are uncommonly fertile, and, being well watered, produce

abundant crops of rice, the grand source of nom'ishment for

the inhabitants, althougli the tuberous Aroidccv and Dioscoreas,

both
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both very nutritious, may be considered as the proper offspring

of this territory, where they thrive with an uncommon vigour
and variety. In this country, even the unoccupied wastes have
a luxuriance of vegetation that renders them ahnost equally
impervious with the forests ; and grasses, mostly of the genus
Saccharum, shoot up with a prodigious luxuriance and thick-

ness. They generally exceed six feet in height, and often

reach to twice that elevation.

The trees that are most common in this territory are of
the orders of Urticce, Euphorbite, Terebinthacece, Magnolice,

Meh'ce, Guttijem, Sapotce, Viticcs, and Eleagni, and, to-?

gether with the Pahnce, Bambusce and climbers, foim the

great features of vegetation, which are of a totally exotic ap-*

pearance to the European, having scarcely any thing to recall

the memory of his native scenery
; yet still highly pleasing,

not only from their novelty, but also from their beauty and
grandeur. Notwithstanding this great difference of general
appearance, several of the trees have an affinity with those of
Eui'ope, and the woods contain an JEsculiis, and several Qiterci

and Coniferi.

The specimens which I collected during this journey were
transmitted to Sir Joseph Banks, in whose collection I saw
them in the year 1806, and there they no doubt will still be
found.

Soon after my return from Chatigang, I was removed to

Baruipur, a station near Calcutta, where I chiefly employed
my leisure in describing fishes. Still, however, I continued

to collect whatever appeared rare for Dr. Roxburgh, especially

during several journeys whicli I made through the great forests

that occupy the islands formed by the estuaries of the Ganges.
These dreary woods, half inundated by the tides, antl skreened

by banks of offensive mud, afford but little scope to the bo-

tanist. The variety of vegetables which they contain is by no
means great ; and the danger in attempting to collect them,

by landing where tigers are so numerous and ravenous, is very

great.

I believe, hf)wever, that in various journeys which I made
between Calcutta and Lukhij)ur, and from Baruipur, through

these woods and islands, forming part of the ancient kingdoms
of \'anga, Upavanga, and Angga, I had an opj)ortunity of

describing most of their vegetable productions. Mangroves,
of various kinds, including lihizophorci, Aigicci-as, Aviccnnia,

Hunneratia, tiudlleritiera, especially the latter, form the ))redo-

minant feature of these woods ; but they are ornamented with

curious Convolvulaccce and Apocincw, with many parasitical

Filices,
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Filices, and some elegant Lycopodiums and Lichens, not re-

markable indeed for variety, but of great size and beauty.

The cultivated parts of this Delta of the Ganges, as it has

been called, are not more favourable to the botanist than the

wastes. The plough or hoe occupies almost every spot, one

rice-field succeeds another ; and the houses are buried among
groves of Matigfera, Artocarpiis, and Bamhusa, intermixed

with Palmce, and are only kept above water by being raised on

the banks thrown up by digging ponds. In this territory the

wastes are generally covered with reedy grasses, almost as

lofty as those of Tripura. The whole aspect, indeed, of the

country and of its vegetation, is strange and foreign to an Eu-

ropean, miless to a Hollander. For four months in the year

every field swarms with fish, and at all times the only convey-

ance is by boats.

During my stay in this part of the country, I made few

botanical observations, except by communications with Dr.

Roxburgh. I however transmitted a few descriptions and

drawings to Sir James Edward Smith, with whom they still

remain.

During the year 1800 I was employed by the Marquis

Wellesley to examine the state of the country which he had

lately taken fi-om Tippoo Sultan, and of the province which

Europeans call Malabar. I landed at Madras (Chinapatana

of the natives), and travelled through the territory belonging

then to the nabob of Arcot, which Europeans call the Car-

natic, but it is the Draveda of the Hindus, bounded on the

south, at the mouth of the Kaveri, by Chola, which Europeans

call Tanjore, and to the north by Andhra, the sea-coast of

which by Europeans is usually called the Circars, as having

once been divided into five districts (Circar), which were early

ceded to Europeans by the Muhammedan princes of Andhra

or Tailingana. The coasts of Chola, Draveda, and Andhra
are usually included by Europeans under the denomination

of Coromandel, a name totally unknown to the natives, who
consider it as English, and from which we have several plants

named Coromandeliaiia ; as from the English word Madras,

with the addition of Patana (city), we have Maderaspatana, as

if plants grew in the streets. Both names should be avoided

as inconveniently long, as well as devoid of meaning in any

language.

On leaving Draveda, and ascending to the elevated region

lately under the dominion of Tippoo Sultan, I entered the

ancient Hindoo territory, called by them Karnata (Latine

Carnata), but usually known to Europeans by the name of

Mysore,



and on the Bansctitd Nanies qff/iosc ttegions, S57

Mysore, from the town where its princes for some geneiations

resided. Having examined this and the skirts of the interior

of Andhra, I descended again to the low country by the southj

and examined the country west from Chola, which the natives

call Chera or Cheda, but which Europeans^ from a town in itj

call Coimbetore (Coiamatura). Chera as well as Chola is

bounded on the south by the country which the natives call

Pandiya, extending from near the Kaveri to the Southern

Ocean. The nortliern parts of this towards Chera 1 had an

opportunity of examining. The vegetation of all these coun-

tries is nearly similar. The elevation of Mysore above the

others, although probably about 3000 feet of perpendicular

height, produces no great change. The temperature is no

doubt somewhat lower, and more agreeable to European feel^

ings ; but the aspect of the upper country is not materially

different from that of the lower. Both labour under a scarcity

of rain, so that artificial irrigation from reservoirs or canals is

necessary for the production of rice, which, in the low country

especially, is the staple article of food, although both there

and in the higher country the rainy season produces crops of

miserable small grains, (such as Eleusine Corocanus, Pa7iicum

Italicum, and Panicum miliacetim,) that are used by the natives

as a succedaneum for rice. These crops have little of an Eu-

ropean appearance ; nor do the orchards and gardens heighten

the resemblance, The fruit-trees round the villages consist

chiefly of the Mangifera, Citrus, Bassia, Artocarpus, Eugenia^

Elate, and Borassus, while the kitchen -gardens require to

be watered by machinery from wells. The general appear-

ance of the country is sterile, the rock projecting in a great

many places, while during the greater part of the year the

grass is entirely parched up fiom want of moisture • and even

in the rainy season tlie grass is not longer than is usual in

Europe. In the woods the trees are still more stunted than

those of Europe, and consist in a large proportion of wild

prickly dates {Elate sijlvestris) and Bambusre, with trees of the

Leguminosa:, especially such as have prickles, and of the

Rhamni. Even the thickets consist clnefly of bushes of the

Leguminoxdc, and of the Rhamni and Caparidcs, almost all

armed with prickles or thorns, while the fences are chiefly of

naked Euphorbia; {Anfif/ncirum and Tiruralli). The most com-

mon trees, besides the LcgwninosfC and lUiamni, belong to the

%rihc oi' Eleagni and tiie genus Greivia .- and the most com-

mon herbage consists of small Ci/periis, Scirpus, Andropogo?/,

Convohn/lacetr, Acaiithuced', and Leguniinostv, esjjecially Hedy-

sarurn, Crotolaria, ami Indigo/ha; so that the vegetables have

little in common with those of Europe, especially of its northern

Vol. 6.0. No. 3'jrj, Mr/;/ l«'jr>. Cu parts.
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parts. Willi the more barren parts of southern Europe there

IS more resemblance, the Rhamni and Caparides being com-

mon to both.

After examining these countries of rigid vegetation, as it

niay be called, I passed through the gap in the Animaliya, or

Elephant Mountains, and entered the province called Malabar

by Europeans, but Kajrula and Malayala by the natives. These,

indeed, consider Malabar as an English word, meaning the

whole sea-coast between Cape Coraorin and Surat, which seems

to be the fact. We ought, therefore, to call the province of

Malabar by one or other of the native appellations. The
territory called Koerula by the natives extends from the

southern extremity of India to almost the latitude of 12^ de-

grees north : but this includes a portion of the English pro-

vince of Canara; and it extends from the summits of the

mountains to the sea. In its vegetable productions and ap-

pearance it more resembles Chatigang and the mountains

of Farther India than the adjacent territory of rigid vegeta-

tion ; but it is better cultivatetl, contains more plantations,^^

(especially of Palmer, and, the rock projecting more, the vege-

tation is not quite so luxuriant. It has, however, perhaps still

less of an European appearance, none of the Amentacecc nor

ConiferdE being found in its woods. The Dutch, however,

have introduced many fine trees from the Eastern Islands, and

the Portuguese some from the West Indies, both of which

give a considerable variety to its plantations ; and few countries

possess a vegetation so elegant, prospects more grand and

beautiful, and a climate more genial : its highest mountains,

although of considerable height, perhaps 6000 feet perpendi-

cular, have nothing of an aljMne appearance, but produce a

moisture and coolness that extends a more vigorous vegeta-

tion to the adjacent country above.

Nearly connected with Kaerula, and little different from it

in vegetable productions, is Ceylon, the Taprobana of the Ro-
mans and the Lanka of the ancient Hindus, In 1815, I had
an opportunity' oi' a cursory examination of its southern end,

and saw sufficient to indicate that in general aspect at least it

does not materially differ from Malayala.

North from Kuerula, and, as I have said, including a portion

of it, is the extensive English province of Canara, a word of

doubtful origin, and supposed by the natives to be English*

The Hindus divided it into four territories: 1st, Part of Kae-

rula or Malayala, extending to about 12° 28' north latitude;

2d, Tulava, extending from thence to about 13° 35' N. ; 3d,

Haivaor Haiga, extending to about 14° 38' N.; and 4th, Kan-
kana (Latine Cancana), extending to the Portuguese territory

of
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of Goa; but this, as well as all the sea-coast to near Bombayi
are included in the territoTy which the Hindus call Kankai a.

These countries, like Maiayala, extend from the summit of the

mountains to the sea, and scarcely dilfer in appearance or ve-

fetable protluctions from that territory; but they are rather

otter and di-ier, antl their vegetation is rather less vigorous,

approaching more nearly to tlic ligitl thorny nature of that

prevailing towards the cast.

The specimens of plants which I procured duri«g this jour-

ney suffered much by the carelessness of those who were en-

tnisted in conveying them from the ship to Calcutta; but such
as they were, they were given to Sir James Edward Smith, to-

gether with a good many drawings, and both reniain in his

collection. The iK)tes which I took have been deposited in

the Company's library. Some duplicate specimens were given

to A. B. Lambert, Esq. ; and I think that Sir James Edward
Smith has a copy of tlie notes : of this, however, I am not
certain.

Soon after my return from the south of India, I was sent to

Nepal along with the embassy conducted by Captain Knox.
Having proceeded by water to Patna, I passed by easy stages

and with many halts through the ancient territory of Besala,

now called Sarun ; and through a portion of Mithila, now called

Tirhut. Thei'e I carefully examined and collected such plants

as were in flower ; and, on the 1 st of April 1 802, 1 ascended
into Nepal, where I remained nearly twelve months, delighted

with the variety, beauty and grandeur of its vegetable pro-

ductions, of which 1 procured many specimens, descriptions

and drawings; all of which I gave to Sir James Edward Smithy
only reserving specimens, where there were duplicates, fbr

Mr. Lambert. I afterwards had an opportunity of procuring

many specimens from the same quarter, and of making many
observations on these plants, which I may have occasion to

use under the disagreeable circumstance that I may have de-

scribed the same plant under different names, among those

given to .Tames Edward Sniitli, and among those which 1 af-

terwards procured ; but under the circumstances already men-
tioned this was unavoidable. For an account of the appear-

ance of the vegetables in this interesting n gion I may refer

to the account of Nepal which I have published.

Soon after my return to Calcutta in 18();J, 1 was appointed

surgeon to the Governor-general ; and the leisure i then had
for the study of natural history was chiefly employed in su|)er-

intending the meiuigerie fouiuled by the Mar(|uis VVellesley,

RuA in describing the; animals there collected. I retiu'ned to

En;'lan<l with this distin''ui*<hi'd nobleman in the cn<l oi ISO.i,

I (1 2 end
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and in 1806 was appointed by the Court of Directors to make
a statistical survey of the territory under the presidency of

Fort WiUiam, usually in Europe called Bengal; hut containing

many extensive regions besides Bengal, taking that even in the

most extended sense of the INIogul province of the name ; for

in Hindu geography, A'anga, from whence Bengal is a cor-

ruption, is applied to only tiie eastern portion of the Delta of

the Ganges, as Ujiavanga is to the centre of this territory, and
Angga to its western limits.

I commenced this survey after the rainy season of 1807, with

the English district of Dinagepore (Dinajpura), forming part

of the ancient kingdom of Matsiya, bounded by the MahaU'*

anda on the west, by the Korataiya (Latine Carat(ca) on the

east, by the mountains on the north, and by the Padma ov

eastern branch of the Ganges on the south. This district is

not very favourable lor the botanist, being in general highly cul-

tivated ; but its southern parts, especially round the ancient

city of Purua are woody, and yielded a considerable increase

to my collection.

In spring 1808, having finished the survey of Dinage-
pore, I passed through the English district of Rungpur (Rang-^

gapur), the Kamrupa of the ancient Hindus; and having

examined the north-eastern wastes of that territory, where!
added much to my botanical stores, I halted for the rainy sea-

son at Goyalpara (Latine Cioalpara). This place, situated at

the northern extremity of the mountainous district which
bounds the Gangetic plain on the east, afforded me most am-^

pie employment as a botanist, producing a variety of beautiful

and rare plants, almost equal to that of Nepal; and, with my
Journeys to Ava and Chatigang, enabled me to form a proper
estimate of the vegetable productions of Farther India [ultra

Gangem), the China of the Hindus, and which I have already

described.

With the fair weather of 1 808 I recommenced the survey

of the Rungpur district, where I found an excellent field for

a botanist, as it contains many wastes. As the rainy season

of 1809 approached, I retiretl to a house near the town of

Rungpur, and there continued in a situaticm not very favour-

able for a botanist, until 1 had time left only to convey me to

Purneah (Puraniya), before the fair weather of 1809 should
commence.
The English jurisdiction of Purneah (Latine Pwran/o) forms

a part of the ancient Hindu kingdom of Mithila, with a small

portion of Angga around the ruins of Gaur; but my journey
during the dry season added little to my botanical stores.

This, however, was amply recompensed by my jstay, during the

rainy
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rainy season 1810, at Natlipur, on the frontier of the Kiratas,

or Ciratas, subject to Nepal; from whence, as well as from the

forests in the northern parts of Mithila, I procured a great

variety of rare and curious plants.
^

In autumn 1810, so soon as the weather cleared, 1 proceeded

to the district of Boglipore (Bhagulpur), the eastern part of

which is included in the ancient Hindu kingdom of Angga,

while its western portion is in Magadha ; and the portion on

the northern banks of the Ganges is pardy m Angga, partly

in Mithila. The greater portion of this district being waste,

was very favourable to me as a botanist; and I had here an

opportunity of extending my knowledge of the rigid vegeta-

tion of the Vindhivan mountains, which the Hindus consider

as bounding the Gangetic plains on the south, and as extend-

ino- from the southern banks of the Ganges to the Southern

Ocean. These hills are here much lower than the parts of

the same mass which I examined in the south ; but their yer

getable productions are nearly the same, and have a sinrnlar

rigid thorny appearance; but, the rains being more copious^

the vegetation is not quite so much stunted, although it is very

far from being so luxuriant as that towards the east or north.

The rainy season 1811 I passed at Mungga, where the

vicinity of the hills gave me a considerable increase to my

stock of plants, and I employed a Hindu physician, not de-

ficient in learning, to point out the plants which he considered

officinal, and to give me both their Sanscrita and Hindu names,

which I compared with those given to the same plants by the

ignorant people who collect and vend drugs.

In the following dry season 1811-12 I examined the juris-

dictions subject to the magistrates of the cities of Patna and

Gaya, both included in the ancient kingdom of Magadha,

which for many centuries before the Muhammedan invasion

was considered" the chief seat of Hindu power and glory, so

that its princes were indifferently called kings of Magadha and

of Bharatkanda, or ihe Land of Virtue, the name by which the

Hindus fondly call the territory occupied by their race, the

descendants of Brahnuu In these districts I had a further

opportunity of making myself accjuainted with die rigid vege-

tation of the Vindhivan "mountains, and, during my stay at

Patna, in the rainv season 181'2, I extended my knowledge of

the officinal plants of India, by consulting the same physician

and the druggists of Patna.

In tiie dry season 1812-13 I examined die jurisdiction un-

der die magistrate of Shahabad, forming a groat part of the

ancient Hindu kingdom of Kikata (Latino Ciaita); and here

I completed my knowledge of the vegetation of the Vindhiy.in

mountains
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inountains, which, the further west I proceeded, rose to a
greater elevation, were more rocky, and communicated to their

vegetation more and more of the rigid and thorny nature of
that produced on the arid hills and mountains of Draveda,
Kamata, and Chera.

Soon after the rainy season of 1813 commenced, I embarked
atChunar, and proceeded up the Ganges and Yamuna (Jomanes
Plinii) or Jumna to Agra; and thus had an opportunity of
examining the plants on the banks of these rivers, passing
along a portion of the ancient kingdom of Malava (Malwa) on
the east of the Yamuna river, near the Ken {Caitias Plinii) and
Chumbul rivers, and then proceeding through the centre of
the ancient kingdom of Kuru, which, in the earlier part of
the Hindu government, was the chief seat of power and glory,

restored to it afterwards by the Muhammedan conquest, and
only lateW restored to Angga by British valour and prudence

;

for in the time of Alexander, Angga was no doubt the chief

seat of Hindu power, as Palibothra seems to have been seated

opposite to Rajamahal, in Angga, although on the skirts of
Magadha, which in latter times was the great seal of authority.

Before the end of the rainy season 1 returned down the

rivers, and ascending the Gagra, entered the district of Go-
rakhpur, forming a considerable portion of Cosala, the ter-

ritory of the powerful Family of the Sun, who reigned at

Oude (Ayndhiya). During the dry season 1813-14 I re-

mained in the district of Gorakhpur, where I made large ad-

ditions to my botanical observations, both fron) the forests of
the country, and from the neighbouring parts of Nepal, from
whence I procured many plants.

When the rainy season commenced I again embarked, and
proceeded up the Ganges to Futehgar, where I had again an
opportunity of examining the vegetable productions of the

ancient kingdom of Kuru, through the centre of which the

Ganges passes ; for it includes both banks of the Ganges and
Yamuna, being bounded on the east by Kosala, and on the

west by Pangchala, now called the Punjab, or the country

watered by the five rivers joining the Indus from the north-

east.

Having thus examined a considerable portion of the

Gangetic plain, always considered the proper seat of the Hindu
race, descended from a colony of civilised persons calling

themselves sons of Brahma, who in the earliest ages settled at

•Vithora [Betoor Rennell), and gradually extended their power
over what is now called Hindustan, I shall proceed to give

some general account of the vegetation of this fertile tract,

which, without any thing that can be called a hill, extends

from



and on the Sanscrtia Names oftho&e Regions. S45

from the Indus to the Eastern Ocean, and from the Vindhiyau
to the Himaliya mountains.

This plain, extending in length about fourteen degrees of
longitude, in the middle latitude of 25°, and in breadth from
two to four degrees of latitude, seems to derive a large pro-

portion of its vegetation from the neighbouring hills; but

grasses, especially Bambusa, Sacckatmn, Andropogon^ Aphida^

and Panicum, together with the allied tribes of Cyperoide/x^

form a larger and more marked feature than trees or shrubs.

On the whole, the rigid and thorny vegetation of the Vindhiyau
mountains seems more suited for the plain than the more or-

namental vegetation of either the Eastern or Himaliya moun-
tains. Near both these, however, their plants have made con-
siderable encroachments, and communicate a change of ap-

pearance to the adjacent plains, especially towards the east,

where the air is vastly cooler and moister than further west.
• I have already mentioned the appearance of the Gangetic
Delta, which on the whole has a sti'ange and exotic appear-
ance to the European traveller. As we advance, however, to

the north, and still more as we proceed wett, notwithstanding
the intense heats of the summer, the vegetation appears more
of an accustomed form. Wheat, barley, pease and rape-seed
form by far the largest proportion of the crops, and we ob-
serve fields of potatoes and carrots, while the Palmce and Bam-
busce disappear from the plantations; and the gardens pro-
duce the vine, the fig, the apple, and the plum, with many
flowers common in Europe, and the thickets contain much of
the wild rose. Still, however, even in Kuru, i\\Q Mangifera, \k\e

Eugenia, the Calyptranthes, the Fki [religiosa and bengalensis\

the R/iamni, and the exotic crops produced in the lainy seastm
{Oi-yza, Holcus, Panicum, Paspalum, Dolickos), with the want of
the Coni/ene and Amentacece in the plantations, remiinl us suffi-

ciently that we are not in Europe.
I now was exhausted by a long continued exertion, the ol)-

servation of plants making but a small part of my duty, and I

require<l to pass the remainder of my days at peace in my na-
tive clin)ate. I accordingly returned to Calcutta to prepare
for niy journey ; and in the mean time, on the deatli of Dr. .

Roxburgh, took charge of the botanical garden, having been
appointed his successor by the Court ot Directors. While
preparing for the journey, I was deprived by the Mar<jnis of
Hastings of all the botanical drawings which had been made
under my inspection (luring niv last stay in India, otherwise
they would have been deposited, with my other collections, in

the library at the India House. By this ill-judged act of ati-

thoritv, unworthy of this nobleman's character, the drawings
•

.

'
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will probably be totally lost to the public To me, as an in-

dividual, they were of no value, as I preserve no collection,

and as I have no occasion to convert them into money.

In February 1815 I embarked for Eurojoe, and in Septem-

ber presented my whole collections to the Court of Directors,

with an order from the Lords of the Treasury for their being

deUvered free from duty,—an order which was granted with

^he utmost liberality and urbanity.

LV. Outline ofgeneral Methodsfor the Development of certain

Branches of Analysis. By A Corrkspondent.

To the Editor of the Philosophical Magazine and Journal.

Sir,

ALTHOUGH the superiority of analytical methods of in-

quiry is now generally recognised, and such methods al-

most universally adopted, it is still frequently to be observed,

that the change which has thus been effected in many investi-

gations is more in the mere form than in the spirit. The
essential character of the algebraic analysis consists in the ex-

treme generality with which it regards every object it con-

templates. It is this which raises it so infinitely above the in-

vestigations of geometry. These are necessarily confined to

the contemplation of particular cases, and proceed by methods

which might almost be termed tentative. Now the mere be-

stowing upon such methods the appearance of algebraic in-

vestigation, or the mere substitution of symbolic characters

for words, does not constitute an analytical procedure. Before

the subject can partake of the true spirit of analysis, tentative

methods must be banished entirely—the reasoning as well as

the result must be generalized—and all the widely different

processes by which the particular truths of one family were

formerly obtained, must be condensed into one sweeping march^

of symbolic transformations. I have said that this spirit of

generality is not yet bestowed upon many investigations pro"

fessedly analytical ; and I refer in proof of my assertion to the

common modes of treating the arithmetic of sines. The in-

quirer leads us on, throughout the elementary formulae, by an

algebraic synthesis, which like the geometrical appears natural,

and is easily followed, so long as it merely regards the ele-

mentary formulae ; but the instant that he passes beyond the

mere elements, and attempts to develope the remoter series,

he is compelled to resort to methods of a varied and tentative

character, that are quite unknown in a truly analytical in-

quiry.
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quiry. This may perhaps arise from a desire to develope the

subject in an entirely elementary manner ; but it should be re-

collected, that the arithmetic of sines, or any portion of geo-

metry, when treated analytically, is not properly an elementary

subject. It is decidedly transcendental, and the whole re-

sources of the calculus may be legitimately applied in its de-

velopment. If it be conceived that such a mode would render

one important part of practical mathematics of difficult ac-

quisition, I answer, that practical subjects, considered as such,

must always be developed in a manner correspondingly ele-

mentar}'; laut if they are considered as portions ofscience, there

is no reason why they should not take the places which of

right belong to them in the course of its regular develojiment.

The fact that mechanics must be taught in as elementary a

manner as possible, in many institutions in this kingdom for

instance, is no argument against the importance of those re-

fined analytical investigations of the doctrines of equilibrium

and motion : and neither should a similar necessity deprive

geometry of a similar treatment. If then two grand transcen-

dental subjects were placed side by side, as they ought to be,

and alike subjected to the operation of the most recondite as

well as the most elementary relations of abstract magnitude,

then might we expect a renovation in geometry similar to what

has already been effected in mechanics, and a final exclusion of

every particular or tentative process. It is my intention to

attempt, in the course of a few papers, to exhibit the renovf),-

ting and extending effect of general methods upon the arith-

metic of sines. I hope to reduce every formula now known in

this branch of analysis to a particular case of some extensive

class of expressions, derivable by the mere mechanical modi-

fication of a still more general method; and thus to enable the

humblest calculator to develope into series of any form, an in-

finite variety of finite trigonometric functions, almost as rapidly

as he can write them down.
The arithmetic of sines occurs very early in the course of a

purely analytical system of geometry. It was while delinea-

ting such a system that it came before me, in the form in which'

I would present it ; and I allow it to retain the marks of its

origin, by giving it as a portion of an extensive inquiry. Se-

veral liicts are of course involved, with which the analysis of

the previous equations easily furnished me : and the omission

of these previous iiuiuiries has compelled me to conform to

the coMUJion modes of writing, more closely then I would other-

wise have done.

The liuidamenlal experiment which led to the definition of

Vol. 6.7. No. 325. May IK2,'). X x ^ in
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f in the general equation furnishes us immediately with the

particular one
X = <|>(j/, X, y,y)

or .

'- = <p(-, ^)

If we suppose, for the sake of simplicity, that y is the right

angle or the unit of angles, and 1/ the unit of lines, we have

x = (p X.

From the same triangle may be obtained in a precisely si-

milar manner z = \{/ x.

The object of our inquiries is to ascertain the forms of f
and \|/. Let us then investigate their factors, or, in other words,

the values of x that reduce them to zero. It may be easily

discovered that x, and consequently ip x, becomes when, and

only when, x =
± *

+ 27r
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the evanescent arc at right angles to the diameter ; and hence

also must it coincide with the evanescent x or <^ x. Conse-

quently fl = 1. The factorial expressions may, therefore, be

developed into the following series

<px = X — AgX^ + AjX* — A^x'' + &c.

4/^=1- A^x- + A,x* - Agx^ + &c.

where Aj A3 A^ &c. are known functions of tt and numbers.

The analysis of 4> and 4/ might now be deemed complete

;

but there are evident means of reducing the series to still sim-

pler forms. The circumstances which regulate the invaria-

bility of triangles give us the following formula of connexion

between ^j and 4'j which, it is likely, will lead to important

consequences.

^ J±--f^ 7r+ z} = ±{-\T^^. (1)

The development of f (x + z) is

<f X + ^'x. 1 + 9"x ^2 + <f"'x ^^ + &c. (2)

And it is plain that when this series becomes equivalent to

± "^'i, the coefficient of 2; or <|>'x must be equal to zero. This

is the case when
^^ __ _^

'2.n+ \
^— 2

which expression must therefore include at least one class of

the factors of f ' x, or of the series

1 - SAaX^ + 5A,x*- 7A,x« + &c.

But it includes all the factors of \I/x; and since 4)'x and \I/

x

are similar functions, it now follows that if they differ in any

respect, 3 A3 will differ from A,. An inspection of the known
composition of these quantities, however, instantly shows us

that they are equal ; consequently
ip' X = ij/ X

and by applying this to relation, ( 1 ), we likewise obtain

•l)' X = — <^ X
These two relations determine all the derivatives of ^ and

4/, and if x is put = in developments similar to development

(2), we immediately obtain the simplified series

^^ = ^ - 1-5-3 + 1-2-374- - ^"- -
x' X« o^^='-1^2 + 1.2.3.4.5 -^^•-

whence the important forms

(x or si/i X = =
x\/^i

,
-"VITi

,
t + e

\j/ X or cos X =
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or if for the sake of convenience e^^" be put = z, we have

2 \/ — 1 sin \ = z — .-""

2 cos X = ~ + z .

These trigonometric functions being now reduced to ex-

ponential expressions are of course givoi, and their various

properties may be de(hiced by mere analytical artifice. It

were out of place for me to waste a moment's time in the de-

duction of the simplest forms of their combination. I shall

regard them in the course of the following investigations as

known, and hasten to develope general methods for the disco-

very of the more distant and difficult formulae. The sine and

cosine may be combined together into series of an infinite va-

riety of forms; but the series whose terms involve either these

functions of the ascending multiples of the arc, or the ascend-

ing powers of the functions of the simple arc, occur most fre-

quently in practice, and are consequently of the highest in-

terest. Let us then in the first place investigate the constitu-

tion of series of the following forms

A + B cos X 4- C C05 2x + D cos 3 x + E cos 4 x -f &c.

A + B sin X + C sin 2x + D sin 3 x -f- E sin 4 x + &c.

Happily the investigation does not present the slightest diffi-

culty. Eacli term of the two series is reducible to the form

2 a/'±1 N (2" ± Z-") (3)

and the summation of the series themselves is thus dependent
upon the summation of such a series as

$ 2 = A' + B' 2 + C's' + D' z^ + &c.

When the coefficients A, B, C, D form either a recurring
progression, or are coefficients of any known transcendental

series, the infinite expressions may be summed at once. A
variety of random expressions too may be found with equi-

valent expressions in series. ^ z has merely to represent a

function of:: developeable according to rising integral powers
;

and if either diminished or increased by <^z~'^, a slight mo-
dification of the arising coefficients will give their values

when the series correspond to given finite trigonometric quan-

tities. Thus the equivalence of cf: ;: to and log (1 + z)

gives us the seven series

I = C05 X — C05 2 X + cos 3 X Sic.

— i = cos-K + COS 2 X -{- cos 3 X &c.

i tan — = sin x — sin 2 x H- s/n 3 x &c.

^ cot
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i cot — = sin X + sin 2x + sin 3x &c.

]og(l +ry,x) = _ log2 + I C05X -
I C05 2X + I co. 3x &c.

- = Sin. X ^_ + JL"^3JL _ &c.

"^— ^ sin 1 X sill T V-^ = Sin X + -^_ + _i^l 4. g,^,_

By thio simple means, a vast number of different processesmay be reduced to one transformation; and were proofwanting
ot the smipl.city as well as unity which an attention to it be-stows on many investigations. I would compare the abovewith the mvestigations of the series for log(l + cos^) givenbv Euler and Lacroix in their great works on the Intl-ral
Calculus. »

But all this is easy and comparatively ti-ifling. The r^reatproblem before us requires the development of any function
of z, i}^ into a series whose terms are of the form (3). This
may evidently be accomplished by decomposing B into the
sum or difference of two similar functions, one of 2 and the
other of 2 ', or by solving the functional equation

f s ± ^z~^ = B,
I will not enter into the general solution in this paper, but

will prej)are the way tor several methods ofdevelopment which
1 mean to explain afterwards by the full consideration of a
j)articular case. Let us investigate the general form of A 2when B^=0;
that is, let us determine the two classes of functions which en-joy the properties

^z = (pz~^

(pz = — cpz~^
The first of these equations simply indicates that <t is not

changed by the substitution of 2"' fo,- z- and since -"^
and - "

are convertible into each other by mutual substitution,' it i^lilam that this ciiaractenznig condition will be fulfilled by sup-
posing ^ a sipnmetrical function of z and 2~^ It is pvul^nt
U can be fulfilled in no other manner. Hence if/ re,T" senany arbitrary form, we have for a ireneral solution

'

Agam, f z ni the second equation must for similar reasons be
a symmetrical function of. and z-\ multiplied by some otherarrangement of them which changes its sign when (I,c quan"

tilics
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titles are transposed. Whence an equally general solution

for the second case

Bv means of these two expressions we may obtain as many

series as we please of the sines and cosines of multiple arcs

whose values are 0. But before illustrating the method by any

particular case, let us see if we can connect with each case any

class of series of a similar description. It is evident that if

we could derive a series of functions of the character

^„.±^^z-^=D(?_,.±^_,::-^) (6)

where (p^z ± ?!,^3~^ = D"(^?o= ± fo ~~'

)

we should have a new and extensive orderoftrigonometricfuuc-

tions hanging upon each form assumed by D and (p^ or (p. Not
to complicate the matter further than is necessary for the pur-

poses of illustration, let us give D a particular form, and deter-

mine D"' in series by a process which, although particular,

contains the elements of treatment that will be applicable to

every case. The values of .p s + ip
~"~

' as characterized in

equations (4) and (5) are favourable to the determination ofD"
when D is an integral. Let the formula of derivation from

<p z in the first instance, as characterized by equation (4), be

therefore <P,i^ = fi' ^ f^~ <Pn-i^ C^)

arising from <PiZ = f -^t z d z (p z

And let us modify 4/ z rf s so that the condition (6) may be ful-

filled by it. Substituting z~ for z in equation (7) we have

^^z=f^z-'dz-'<p,^_,z-^

whence

<p^Z ± f^z''^ =/'(^-^'^?„_l^ ± vl'-~''^Z~' ^n-l^~^)

where it is evident the requisite condition will be fulfilled if

±'^=^z (8)

Supposing then that vj/ 2 is thus characterized, the formula of

derivation becomes

noting by u c the constant arising from integration. From

this formula we immediately derive by successive substitution
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z+ <p z~^ = f^zdz \f^zdz(<p z±(p z~^\+u cl +u c
^n — ^n J ^ \ n— 2 n— 2 / n— 1 '

z= f4>zdz{<p Z ± <p Z~ '\+ Zl C .
J"*'' .-— ^- u C

./ V n-2 n-2 ^ n-\ '

: f^zdzf^zdzf^ Z + (^ Z )+M C
1 2

• + ^^ ^- . +"n^^ ^ n-3 n-3 "^ n-2 ' n-l
&C.

The law of this derivation is immediately obvious, and it may

be conveniently expressed in an abbreviatory symbolical form.

If * be taken to represent/ \I/
zdz, and w" c be conceived to

signify tt^_2<^ we shall have

(5 Z + t Z~^ = M (C + *)
Til — Tn. n \

Avhere since f z
— fz~^ = 0, u^c and all higher orders of the

derivatives of u^ c must be 0. The double sign may be taken

from the expression by recollecting that in the case of f z~

or ^o^"^ it is minus. The formula in its simplest and de-

finite state is therefore

We have now only to define the constants u^ c. u^ c, ... u^ c.

This it is plain may be accomplished at once by taking z of

such a value x, tha't * or f^ zdz =0; for we then have in

general <P^x + {-\. f^"^ «„ r" ' = "„ c. (10)

from which u c may be determined, or at least may be ex-

pressed in terms of Uy c. The method of this reduction will

lose much of its intricacy and little of its generality, if at this

stage of the process we somewhat particularize the functions.

We may in conformity with equation (8) suppose

\)Z dz = —
and the supposition will give us * an integrable expression,

for f^zdz = <P = \ogz.

Now log z becomes when « = 1 ; we therefore derive

from equation 10,

Mot- = M, c = 2'?, 1

«jC = «jc = 2^3 1

U C = Mj c = 2 ^i 1

u c = u c = 2 (p I

2m "im+l >/n-fl

It onlv remains for us to determine 2 <p .1 in terms of 2 ipJ

.

2m +

1

Tluj
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This may easily be accomplished by many means when the
charactei- of (p^^ z is slightly known. In pointing out one means

I take advantage of the labours of Spence. ^^^e can state the
expanded expression

(p z + (p
~~' = 2^ .l+2<p .l.i^Sf'

2m+ l 2»i + l 2OT-J-1 Im-X ^
• '^

' r *
\ o 1 A ^

2m—

2

1.2.3.4

log:
+2^.-1

[2m]

And if z be made = — 1, and a substitution made for log — 1

in terms of John Benouilli's quadrature of the circle, which

might be deduced fiom the imaginary expressions for the sine

and cosine, we shall have a particular series in terms off .1,

f —\ and TT. If again ip z be supposed to consist either of

odd powers or of even powers of z (which it may be seen

from the constitution of it will do, if (p^ z consists of even or

odd powers), then will be given a very simple relation betwixt

<p 1 and p — 1. Let it consist of odd powers, and we shall

then have ^o 1 = c \. ^ - p\
27n+ l 2OT-1 '

-^
2»i-3

^•2-3-4

+ <P I'-To-o-^^ - ± ?.l
2,,^_. 1.2.3.4.5.6 -- ^2^^^2n^i

whence we may calculate

I

"^

5J-1

1.2.3.4

17ip,l

^'- 1.2.3.4.5.6 4

^•1 = 1.2. 3.4^5.6—8-^^'^-^-

&c. &c.

I shall afterwards have occasion to give a simple and com-
modious formula for the general determination of <p^ 1 in such

series, in terms of (p, 1 ; so that I am saved the necessity of

digressing at this period of the paper. It is sufficient in the

mean time to see that the constants may be determined, and

of course that the quantity

M (c + 4') is given.

Let us now seek the illustration of a particular case, f z

will
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will satisfy all the conditions which restrict it, if we suppose it

equal to

Whence
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it would amply repay the labour. I must apologize to your

readers for the mistakes which will be found in the investi-

gation. I already see several which it is impossible now to

correct. I have been forced to draw it up during moments of

leisure snatched now and then from the toils ot a laborious

employment, and of a host of other less congenial though more
necessarv pursuits. Let this stand for my excuse. Detached
and fragmentical as it is, I hope that my leading purpose is in

some degree accomplished. The general inquiry, however,

into the decomposition of B^ is much more interesting and

more practically useful ; and as soon as I can command suffi-

cient time to commit to paper the substance of what exists in

my imagination respecting it, I will lay it before you with my
best ability.

April 15; 1823. 2.

LVI. On the Determination of the Latitude of a Place Inj

Means of theJransitInstniment placed perpcndiadarly to the

Meridian. By Professor Bessel. Co7nmunicated in a Letter

to Professor ScuuMACiiF.R, dated Konigsberg, Feb. 2, 1824.*

"l^^HEN, in the year 1819, 1 saw you at Lauenbui'g, and re-
* ' marked to you that it might be advantageous to determine

the differences ofthe altitude ofthe pole (for the purpose ofmea-
suring geographical degrees) by means of a transit instrument,

moving nearly perpendicular to the meridian, I had in view

the difficulties often experienced in observing zenith distances.

This difficulty is certainly removed by Ramsden's zenith sector,

used in the English admeasurement of degrees for observing

the differences of latitude, as well as by yourself and M. Gauss
in your great undertaking of the same kind. It is also I'e-

moved by the employment of Reichenbach's meridian circle

for the purpose of measuring the zenith distances of stars pass-

ing near the zenith ; for it is with such stars that the instru-

ment gives the correct results, without the investigation of

other zenith distances. I do not wish to refuse the fullest

confidence to such means for obtaining the differences of lati-

tude : therefore any other proposal might at present appear
superfluous.

But if we are desirous to obtain a certain degree of accu-

racy with much less trouble, or try the results already ob-
tained by a different method, I have no doubt but that it might
be effected by the method which I am about to propose. My
intention is to avoid entirely the divisions of the circle, and

* From Scluimacher's Astronomische Nachrichten, No. 49.

to
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to deduce the results by means of the watch ; which I effect

in the following manner.
I place a transit instrument (whose axis is horizontal, and

whose line of coll imation is correctly adjusted) so that the mid-
dle wire should describe a vertical circle. Its axis should lie

nearly in the meridian, so that the vertical circle should stand

nearly east and west, and thus twice traverse the parallels of all

the stars which culminate between the equator and zenith.

The observation of the two times T and T' in which the

star passes the wire of the telescope will give the altitude of

the pole as well as the zenith distance of the star on the

meridian; and by repeating this observation in another place

we shall obtain the difference in the altitude of the pole, or

zenith distance, almost independently of the assumed declina-

tion of the star. However, the times T and T' must be taken

from a watch or clock which shows sidereal time : but it is

not necessary that the correction of the clock, for the purpose
of reducing it to the sidereal time, need be known.

In order to show the peculiarity of this method in a general

view, I shall not take into account, at first, that the vertical

circle described by the instrument is directed exactly east

and west, but point out the results of) and the errors which
might arise from, some elements of calculation, independently

of that supposition.

I denote the correction of the clock by t and t', taking them
(as well as the observed times) in degrees, minutes and seconds

;

the right ascension and declination of the star by « and 8 ; and
the polar height by </5. According to these designations the

two hour angles of the star (negative if easterly) will be

t = T + T - a. . r=T' + T'-«
and the cotangent of the azimuth will be

cos t. COS S . sin ^ — sin S . cos ip cos t'. cos J . sin p — sin S . cos ^

cos S . sin t cos S . sin l'

If we eliminate the azimuth from these two equations, we
obtain cos(ili--')

tan <p = tan 8 x

or, by introducing the values of t and t',

/ T + c> + T+ t _ \

tan (p = lan 8 x

(-
T ^i' ^T-t

1 y

If we now assume that 8, a, t', t are incorrectly known, and

require the corrections r/8, r/«, di\ dr, we obtain thereby the

correction of ^ deduced from the formuhi just given, as under:

Yy2 d<f
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d(p = di . -^*^y- + ^ « . i sin 2 ^ . tan ^ {t' + t)

J
sin 2 ^ . sin t' o, r sin 2^ . sin t

1 (cos t' + COS t)
' 2 (cos t! \- cos <)

Let us now suppose that the instrument is correct to about

a minute, moving from east to west; it is evident that the co-

sine may be placed = 1, in the numerator of the result (tan
(f)

and we shall obtain

tan <p = tan S . sec ^ (T' + t' — T — t)

dm=zdl.4^ + i idr'- dr) sin 2 ^ . tan ^ (T' + t'-T-t)
r sin 23^^ ' - ^

Whence it appears that an error in the difference of the

correction of the time as shown by the clock (the influence of

which is so much smaller, the smaller T'— T is, in the case

in which this method is to be applied alone, viz. when the star

culminates near the zenith) may be considered as trifling. Such
an error would arise from the supposed incorrectness of the

clock; but we may suppose that this is generally much better

known than may be required in this method.

There remains, therefore, only the error of declination,

whichis
d<p = dl. ''"^f^ sm 2 5

For a star passing thi'ough the zenith, the altitude of the pole

has exactly the same error as that of declination. For a star

culminating south of the zenith, the error is greater ; at least

in our latitudes. Suppose this method were to be applied to

determine the difference of latitude between two places, such

as 51° and 56°, and we were to select a star passing thi'ough

the southernmost point of the zenith ; the error in this point

would be = dl; and in the northern place =1'055 (i8. And
the error in the difference of the polar altitudes = 0'055 d S

;

or even for cZS = 2", only 0"*11. If both places were equi-

distant north and south from the 'tSth degree of latitude, the

difference would be found strictly correct. Moreover, it is

doubtful whether the absolute values of the divisions of the

zenith sector can be so correctly determined, that it may not

have, in an arch of 5°, a greater inaccuracy than 0"*11 ; at

least I consider this as much more difficult than the determi-

nation of the declination of a star to 2".

This method is peculiarly recommendable on account of its

independence of any error in the instrument. Ifthe collimation

should not be sufficiently corrected, the cylinders of the axis

should be unequal in their diameter, the telescope or the axis

should bend, &c., we shall still obtain a correct result, either by
reversing the axis between the two operations, or by observing

one day in one position and the next in the other position of

the
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the axis, and taking the mean of both. The success solely

depends on the quality of the telescopes and the care employed
in the levelling of the axis. It also appears to me that those

astronomical amateurs who possess but indifferent instruments

for the measuring of angles, would thus obtain a determination

of their latitude with greater certainty by means of a small and
portable transit-instrument, even if it wei'e not more power-
ful than the common telescopes in the small repeating circles.

This method, in its application for the determination of decli-

nations under the supposition of the latitude being known, has
the advantage of being quite independent of the refraction

;

but it can only be employed for stars north of the equator.

What ought to render this method still more interesting to

j/ou is, that your famous countryman Olaics Roiuer (who in his

ideas of astronomical observations and instruments has sur-

passed many of our moderns) employed, 120 years ago, a
transit instrument placed from east to west, which is described

in Horrebow's works, vol. iii. pp. 228—240, and who assigns

the imperfection of the instrument as the reason for its not

having been subsequently employed for the observation of de-

clinations.—The work just alluded to, which I obtained but

a few weeks ago, contains so many excellent things of Riimer,

that I am inclined to consider it as one of the most important

works on practical astronomy ; and I take this opportunity to

observe how much might have been done in the art of observ-

ing, even in Romer's time, if the path he took had not been
again abandoned.

\Note hi) the Editor.—The work here alluded to by M. Bessel

is entitled " Petri Horrebowii, Opera Mathematico-physica."

Hauniae, IT^O, 3 vols, quarto. The third volume contains

the following treatise : " Basis Astronomiae, sive Astrono-
jnia? pars mechanica, in qua describuntur observatoria, atque

instrumenta astronomica Rocmeriana Danica; simulque eo-

rundem Usus, sive Methodi observandi Rocmeriana;." The
xviii"' chapter of this treatise is entitled " De instrumento

iTlquinoctiorum Rcemeri :" and this is the instrument alluded

to by M. Bessel.

But the use of a special instrument, for the purposes here
alluded to, is now superseded by the intrt)duction of the alti-

tude and azinuith instrument ; which seems peculiarly adapted
for observations of this kind.

If the circle be placed exactly east and west, we shall have
cot ip = cot 8 . cos ^ (T'— T)

where (T' — T) denotes the correct interval of sideical time

elapseil between tlie two observations, expressed in degrees, &c.

Bill, if (T'— T) be taken in mean solar time, we must multi-

ply it by 1*0027375> in order to reduce it to sidereal time.]

LVII. yl De.
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LVII. A Description ofa nexo Patent Instniment, or Celestial

Compass, adaptedfor ascertaining the Deviation of the Mag-
netic Needle, by simple Inspection, in any Part of the World

;

forfinding the Latitude when the Horizon is obscured ,- and
for steering Ships without Magnetic Aid. Invented by George
Graydon, Captain in the Corps ofRoyal Engineers.*

General Description of Plate I.

DLATE I. represents the celestial compass mounted in
•*- gimbals, as a means of detecting by simple inspection, as

long as any of the heavenly bodies are visible, the changes to

which the magnetic needle is exposed in all parts of the world,

in consequence of the local magnetism of the earthf or me-
teoric influence, independent of the local attraction of the iron

of the ship, or the annual change of the variation of the needle.

It serves also as a substitute for the magnetic compass in high
northern or southern latitudes, where the directive power of the

magnetic compass becomes almost useless from its feeble and
uncertain action.

In many cases it is impracticable to calculate the variation,

in consequence of the state of the sky or atmosphere preclu-

ding the observation for an amplitude or azimuth ; the former
can only be taken at the rising or setting, and the latter can
only be taken with accuracy when the sun or star is at low
altitudes. It will frequently happen, and particular]^ in the

channels of the British isles, that the horizon, and several de-
grees above it, is so obscured for some days together, that these

observations cannot be made, although the sky is sufficiently

clear at a greater altitude. In these circumstances no varia-

tion can be calculated with accuracy for those days, except from
the table of variation, which is now becoming every day more
and moi-e uncertain. It is also to be observed, that, often,

the detection of those accidents above mentioned (indeed al-

most always) depends on the observations, and may remain
imperceptibly operating for a length of time, during which no
observations to correct the variation can be had.

Plate I. also represents the celestial compass adapted for

ascertaining the latitude when the horizon is obscured, or is

rendered uncertain by refraction.

Description of Plate I. of the Celestial Compass as adapted

for detecting by simple Inspection, as long as any one of the

Heavenly Bodies is visible, the Deviation of the Magnetic
Needle. {See Plate I.)

A B represents the face or dial plate of the instrument ; this

* Tlie Celestial Compass may be procm-ed at Messrs. Warre and Brothers,

13, Austin Friars.

•f-
Instances of the powerful effect which the local magnetism of the earth

has upon the magnetic needle, arc given in A|ipcndix No. II.

plate
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plate is screwed down upon the upper part of a box or case,

C, of a hemispherical form. The hemisphere C is suspended
upon pivots or axes at c, which work freely through holes
formed in a metal ring D ; and this ring is suspended upon
pivots or axes at d., being situated at right angles with the pi-

vots c, before mentioned. The pivots d are adapted to turn
in holes, or sockets, formed in adjustable bearings at the upper
part of the two standards, or supports, E E ; and the feet of
the standards are screwed down upon a plate of rhetal, F G,
which is capable of revolving upon an axis in the centre
thereof, affixed to the stationary platform, or board, H I.

The plate F G has the cardinal points marked upon it, and
is divided into degrees near its outer edge, being provided
with a vernier I, affixed to the platform before mentioned.
K L represents a heavy plate of metal, which is suspended
from the pivots or axes c by two brackets, or open arms, one
only of which arms is seen in the figure at M, the other being
obscured by the hemisphere C.

The plate K L is situated considerably below the centre of
gravity, or axis upon which the hemisphere C and ring are
suspended, and thus tends always to maintain the instrument
in a plane parallel to the horizon.

The plate K L has an arm or limb rising up from it at K,
the upper part of which is provided with a vernier k, adapted
to read off the degrees upon a graduated arc, g h, engraved
on tho side of the hemisphere C.

The under surface of the plate K L is provided with two
plane mirrors, or reflecting surfaces, m m, which are situated
in a frame affixed perpendicular to the plate K L, but in such
a position, that the reflecting surAices form a salient angle
with each othei\

These mirrors*, by reflecting the horizon from two diffe-

rent parts, furnish the means of adjusting the instrument into

a horizontal position when in use. For example : When any
two parts of the horizon are reflected in the mirrors vi m, if

the instrument be moved until the images of these two parts
api)ear upon the mirrors in one straight line, that line being at
the same time parallel to the edges of the mirrors, will indi-

cate that the plate K L, to which they are affixed, is hori-
zontal f

.

The pivots, or axes, upon which the hemisphere is suspended,
project some distance through the ring D, and are furnished

See fiR. 7, Plate II.; also see the end of y\ppentlix No. I.

f Anotiier metliod of adjusting the instrument to a horizontal position,
when the horizon is obscured, is given at the end of Appendix No. I.

with
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with small screw caps, which may be screwed on oi" off, for the

purpose of giving the hemisphere a slight motion endways or

in the direction of its axis, in order to adjust it into a proper

position to balance correctly or horizontally in its gimbals.

The hemisphere C contains a weight or counterpoise within

it, so situated that the centre of gravity should fall as nearly

as possible in the centre of the hemisphere ; or the centre of

gravity should coincide as nearly as possible with the axis of

its motion upon its pivot c, so that the horizontal position of

the plate K L would not be disturbed by any turning or change

of position of the hemisphere C upon its axis. The adjust-

ment of its equilibrium may be performed by screwing up or

down the small spherical weight Z, which is tapped upon a

wire projecting from the top of the fi'ame or tablet P.

In making use of the instrument for the purpose of finding

the deviation of the magnetic needle, the direct light of the

sun is made to fall upon a pair of cross wires, or the sun's

rays are concentrated upon the tablet P by means of a lens at

O instead of the cross wires, so as to direct their shadow upon

a piece of ivory, marked with cross lines upon its surface; and

the coincidence of the shadow of the cross wires with the inter-

section of the lines upon the tablet will determine the required

position.

The dial plate A B is divided into 24 hours, or 360 degrees,

and is provided with an hour or index hand E, which is formed

to a vernier at one of its extremities, to read off the degrees

upon the dial plate.

P represents a small frame, or square, which is mounted
upon a pillar on the hand E, and the axis of which is in the

centre of, and perpendicular to, the dial plate. The frame P
is adapted to receive a piece of ivory, q, having cross lines or

wires, intersecting each other upon its surface.

The hour hand E has, near one of its extremities, a small

pillar or tube o projecting up from it, and into this tube a

small round rod s is adapted to slide, having a square frame O
at its upper extremity, furnished with cross wires, as repre-

sented in the drawing, Plate I.

The round rod s is graduated, and numbered with tangents

to the angles of elevation or depression, above and below the

level of the intersection of the cross lines upon the surface q,

and it is provided with a vernier scale, formed on the side ofthe

pillar o, to read off the divisions on the round rod. It is also

furnished with a clamping and adjusting screw, as shown in the

figure, to move it up or down with a slow motion.

Method
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Method ofusing the Instrument for ascertaining the Variation

of the Needle by Inspection. {See Plate I.)

Suppose the platform H I to be screwed upon the binnacle,

or other convenient part of the ship, in such a position that

the line H I, which is drawn upon the platform, may coincide

exactly in a longitudinal direction with a line immediately over

or parallel with the vessel's keel :—now, if the hemisphere C be

elevated upon its axes or pivots c, until the divisions upon the

arc g h are brought to read against the vei-nier k at the de-

gree of the latitude of the place, it will be evident that the dial

plate A B will be situated parallel to the plane of the equator,

or perpendicular to the earth's polar axis. In this situation,

if the hand or index E be set to the apparent time, say three

hours, or forty-five degrees from the meridian, as shown in the

figure, and the rod 5 be elevated in the tube o to the division

corresponding with the tangent of the sun's declination, the

compass plate, F G, which has the instrument mounted upon

it, is then to be turned round upon its axis until the shadow of

the point of intersection of the cross wires O may fall upon the

surface of the ivory q, so as that the said point of intersection

may coincide with the intersection of the cross lines upon the

surface q. The line A B or F G will then be in the plane of

the true meridian, and the variation of the magnetic compass

in the binnacle, or any other magnetic compass which is pa-

rallel to it, may be ascertained by inspection. In whatever

course or direction the vessel may be proceeding, if the com-

pass plate F G is turned upon its axis until the vernief I is

brought to coincide with the point or degree corresponding

with that course, the shadow of the intersection of the cross

wires O should always coincide with the intersection of the

lines upon the ivoi-y q.

The vessel will then proceed in its course without deviation,

the instrument serving as a constant and immediate check to

the irregularities of the needle as long as any one of the hea-

venly bodies is visible.

Method of using the Instrument for steerimt -diithout Magnetic

Aid. (&'^' Plate I.)

The dial jilate A B is provided with watch-work, by which

the hand E is moved round once in twenty-four hours.

Having fixetl the platfonn H I over or parallel to the ves-

sel's keel, and the hand E being set to the time, and the hemi-

sphere C being set to the latitude, as above described, the

compass plate J'" G, which has Uie instrument mounted upon

it, is to be turned round upon its axis, until the zero of the

Vol. Gfj. No. 325. May 1 H2F>. Z z vernier
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vernier I is brought to coincide with such point or degree upon
the compass plate, as will correspond with the course desired

to be steered. For example : in the drawing, the compass
plate is represented as set proper tor steering a course due
north.

The person who steers the vessel has only to keep it in such
a position that the shadow of the round rod s, or of the inter-

section of the cross wires O, may fall upon the surface q, so as

to coincide with the perpendicular mark thereon. The line

A B or F G will then remain in the plane of the true meridian,

and the vessel will therefore proceed in a course due north.

In like manner any other course may be steered, by setting

the compass plate F G accordingly, and keeping the shadow
of the rod s upon the perpendicular mark upon the surface of

the ivory*.

This method of steering is particularly applicable to high

northern and southern latitudes, as the heavenly bodies remain

constantly above the horizon, as long as navigation is practi-

cable in those parts of the world, where the sky is generally

unclouded and clear overhead ; which circumstance is stated

in Capt. Lyon's late account ofhis unfortunate attempt to reach

Repulse Bay, from which the following is an extract, viz.

:

" Although the fogs in the Polar regions are so frequently

mentioned in the course of recent narrations which have been

published, I believe they are generally understood as resem-

bling our English fogs ; which is not, in fact, the case.—In

the northern seas, these vapours rarely rise to above a hundred
feet from the sea, and a sky of most provoking brilliancy is

frequently seen overhead."

—

Capt. Lyoris Voyage ofDiscovery,

page 43.

An instrument on the construction above mentioned, for

steering without magnetic aid, was ordered by the Lords of

the Admiralty, and sent out with H. M. S. Hecla, on the Polar

expedition, in the year 1824.

For ascertaining the Latitude 'whe^i the Hoi-izo7i is obscured.

{See Plate I.)

The platform H I being fixed over or parallel to the vessel's

keel, as above described, the instrument is to be turned upon

the axis or pivot of the compass plate F G, until o on the outer

division is brought to coincide with o on the vernier I. The
round rod 5 is to be set to the sun's declination as above de-

• When the surface of the ivory cannot be distinctly seen by the person

who steers, owing to its position with regard to the sun, a piece of semi,

transparent glass is used (in place of the ivory); the shadow is then seen

behind the glass.

scribed.
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scribed, and the line F G is to be placed north and south, by

means of the magnetic compass in the binnacle*. The hemi-

sphere C is then to be inclined upon its axis c, and the hand E
moved, until the shadow of the intersection of the cross wires

O is brought to coincide with the intersection of the marks

upon the surface of the tablet q ; the vernier k will then indi-

cate the latitude of the place, by means of the divisions upon

the arc g h.\

In hke manner, the apparent time may be obtained when

the latitude is given, by setting the arc gh to the latitude, the

rod s to the sun's declination ; the hand E is then to be moved

until the shadow of the intersection falls upon the cross lines

upon the ivory q, as before described. The vernier at the end

of the hand E will then indicate the apparent time, even when

the horizon is obscured, and when an altitude cannot therefore

be taken J.

Appendix.—No. I.

The following is the principle upon which the celestial com-

pass is constructed, viz.

:

The apparent motion of the sun being caused by the uni-

form rotation of the earth upon its axis from west to east once

in twenty-four hours, it will appear evident, that, if an arm be

moved with an equable motion in a contrary direction to the

apparent motion of the sun, and having its axis of motion in a

position parallel to the earth's axis §, the arm would keep pace

with the apparent motion of the sun, while it describes its

horary angle : if, therefore, the time be given, and the arm be

set to that time, and be directed towards the sun, the noon

hour line would then be situated in the true meridian.

For example, see fig. 4 and 5, Plate II.

Let O P represent the arm A F G, a circle described about

its axis P, and (hvided into twenty -four equal parts or hours.

When the arm O P is set to the apparent time,—suppose three

hours, or \:5° from the meridian,—the instrument is then to be

• Of course the variation must be allowed for.

t When the apparent time is given, the latitude may be determined

without using the magnetic compass, by setting the hand E to the time,

the rod i to the sun's declination, and then inclining the hemisphere C
until the sun's rays, passing through the lens at O, are concentrated upon

the middle of the tablet (j, as before mentioned.

X As the method of adjusting the instrument to a horizontal position by

means of the reflecting mirrors m m, cannot be used when the horizon is

obscured, another mode of adjustment, by means of the sun's declination,

is given at the end of Appendix No. I.

§ The earth, seen from the sun, would appear but as a point, and the

centre oi' motion of the arm may therefore be considered as coinciding with

- that of the earth.

Z / 2 turned
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turned so as to bring the arm in a line between the axis P and
the sun S. The arm will then, by its motion, continue to

perform the same horary angle as the sun appears to describe,

and A P, being the noon hour line, will therefore always indi-

cate the true meridian.

In like manner, the true meridian may be indicated by means
of a star, by calculating its distance from the plane of the me-
ridian, or its horary angle at the time of observation, and
setting the arm accordingly.

As the relative position of the sun or a star, with regard to

the plane of the meridian, may be determined as above, its

declination may also be determined as follows:—(See fig. 5,

Plate 11.)

Let fig. 5, Plate II. represent the exact position of the

sphere, having its axis P P elevated to the latitude of the place,

and the arm O o set according to the apparent time,—suppose

three hours, or 45° from the meridian,—and directed to the

sun S.

The meridian distance of the sun S, or the angular distance

between the plane of the arm O o in that position, and the

noon hour line A P, will be equal to forty-five degrees ; be-

cause the instrument, being an exact representation of the po-

sition of the earth, having the axis P parallel to the pole, and

the noon hour line A P parallel to the plane of the meridian,

the horary angle is the measure of the meridian distance of the

object S. In like manner, a line E Q, which is perpendicular

to the axis P P, or to the pole, will be parallel to the plane of

the equator, with which it will continue to maintain the same
relative position during the motion of the arm O o round its

axis P P.

As the arm Oso is an arc of a circle of which P is the cen-

tre, therefore, when the object has no declination, it will ap-

pear in the direction EQ, or the line SOP will coincide with

the line E P Q. But when the object S declines from the

equinoctial, the measure of its declination will be shown by
the part of the arc Oso which is above E Q, of which arc the

sight at P is the centre. The curve O s having a sight at O,
is moveable within the fixed part of the arm o, and may be
raised or lowered so as to bring the sight at O in a line be-

tween the object S and the other sight at P.

The fixed part of the arm at o is graduated from each side

of ; the vernier upon the moveable curve at o will indicate the

amount of the angle of elevation or depression of the sight O,
above or below E Q, which angle is equal to the apparent de-

clination of the object S, at the time of observation. For ex-

ample, in the figure, the sight O is ten degrees above the equi-

noctial
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noctial line E Q, because the vernier placed upon the moveable
curve is ten degrees higher than a on the index of the fixed

part of the arm. On the contrary, if the sight O were below
the equinoctial line E Q, the vernier would be depressed in

the same proportion below o on the index. The declination

will of course be shown, not only for noon and midnight, but
for any intermediate time, and therefore the quantity of in-

crease or decrease for any given time will also be shown.

Method of Adjusting the Instrument to a Horizontal Position^

hy means ofthe Declination ofthe Object. (See Fig. 5, PI. II.)

When the instrument is set in its position by means of the

sun or a star, either of these objects itself will indicate when
the instrument is truly horizontal : for this purpose the arm
being previously set to the angle of the declination of the

sun or star, and also to the apparent time, if the sight O is

then found to be in a line between the object S and the other
sight at P, it will be evident the bottom of the instrument or
socket M will be parallel to the plane of the horizon.

Appendix.—No. II.

Extract from Capt. Parrfs Voyage of Discovery in the Year
1823."

" The information obtained by Captain Lyon, on his late

journey with the Esquimaux, sei'ved very strongly to confirm
all that had before been understood from these people respect-
ing the existence of the desired passage to the westward, in
this jieighbourhood, though the impossibility of Captain Lyon's
proceeding further in that direction, combined with our im-
perfect knowledge of the language, still left us in some doubt
as to the exact position of the strait in question : it was certain,

however, tliat it lay somewhere in that directioji to which we
had been already so long and so anxiously looking, and that
its eastern entrance was still occupied by many miles of fixed
and therefore impenetrable ice ; but the very impediment that
had arrested Captain Lyon's progress, as well as our daily ob-
servations on the state of the ice near its outer margin, ap-
peared to offer a considerable hope that this,obstacle nuist in
the course of nature veiy soon disappear, even by the gradual
process of dissolution, if it were not more speedily removed
by one grand and total disrui)tion.

" W^hile, therefore, Captain Lyon was accjuainting me with
his late |)roceedings, we shaped a course for Igloolik, in order
to continue our look-out upon the ice, and made (he tents very
accurately by the compass, after a run of five Icigues, when the
I lecla haiikd in shore to pick ii|) one of her nieii that liad been

left
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left there to procure game, and the Fury stood towards the

marghi of the ice. Just before we reached off the floe, the

weather continuing extremely thick, with hard rain, I desired

Mr. Crozier to set the extremes of the loom hanging over

Igloolik, which was then on our lee quarter. He did so

;

but presently afterwards remarked that the compasses (both

Walker's azimuth, and Alexander's steering) indicated the

ship's head to be S.W. which was about the middle point on
which, but a few minutes before, he had set the loom of the

land two or three points abaft the beam. Knowing, by the

true dii'ection in which we were sailing, that the ship's course

by the compass, if unaffected by any foreign local attraction,

should have been about east, which in fact the needles had
indicated previous to the change remarked by Mr, Crozier, I

tried what tapping with the hand (the usual expedient in cases

of mere sluggishness) would do, but without producing any
effect. Being now obliged to tack for the ice, we carefully

watched the compasses in standing off, and having sailed about

a quarter of a mile, observed them both return gradually to

their correct position. Being thus satisfied that some extra-

ordinary local attraction was influencing the needles, we again

tacked to repeat the experiment, and with a nearly similar re-

sult. The observations were then continued on one or two
successive tacks, the ship being steadily steered upon a given

point, by some object a-head ; and an account of the whole is

subjoined in one connected view. The observations were made
between six and nine P.M. The wind being moderate at east

(true), the weather very rainy, the soundings fifty-two fathoms,

and the neai'est land distant from six to eight miles.

" The space sailed over dui'ing the time the changes were
taking place, did not exceed a quarter of a mile.

" Starboard tack, compasses first indicating the ship's head
East, then changed to South-west.

Larboard N.W. b. N S.W. i W.
Starboard East S.S.E.

Bore aware to endeavour to cross our original track.

T 1 J,. 1 r Alexander's compass N.W. b. N...W.b. S.
l^arboard tack

I ^^,^,j^^^.,^ ^^r W.S.W.
Starboard, both compasses East S.W. ^ S.

^ , ,
/Alexander's ...N.W. I N S.W. b. W. f W.l^aiDoaul
^ s^YsAker's N.W S.W. b. W. \ W.

Starboard tack, both compasses .... N.E. b. E. | E. . . . E. f E.
Alexander's, a minute or two after, returned to N.E. b. E. | E.
and Walker's to E. \ N. Alexander's compass was placed on
the binnacle, the other stood about five feet higher, in its usual

place.
,, j^
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" In order to follow up the observations on this phenomenon
on some other day, I sent a boat to fix a flag upon the ice, by
way of marking the spot, but the margin was so broken up
that it was impracticable to land upon it; a light buoy was
therefore moored for the same purpose, though with little

chance of retaining its station, on account of the depth of wa-
ter. During the remainder of the night, when the wind and
weather obliged us to keep more to the northward, the com-
passes were not thus influenced *.

" The weather cleared up in the morning of the 2d. We
found that a strip of ice about half a mile in width had been
lately separated from the fixed ice, but this to our impatience
appeared like a drop of water in the ocean; considerable
streams and patches were also drifting along the margin du-
ring the day, and we were employed in breaking through them
in order to make fast to the floe, the weather being unfavour-
able for keeping under way. In the evening we secured the
ships to the ice, being in twenty-three fathoms, at the distance
oftwo miles to the westward of Tern Island. For several hours
in the course of this day there was something in the atmo-
sphere which distorted objects into very curious shapes. The
principal feature in this phenomenon was a constant waving
tremulous motion near the horizon, causing the whole body of
ice to appear at times as if turning round, and making one al-

most giddy to look steadfastly at it. The distant land was
sometimes flattened down so as to appear like a single thick
black line upon the horizon ; then again it would assume a
shape of this kind

—

when its real ouriine, when not thus distorted, was this,

—

" The trenuilous appearance is, in a greater or less degree,

a very common phenomenon in the Polar seas. Such, indeed,

is the frctjuent occurrence of extraordinary and variable ter-

restrial refraction, and the consequent uncertainty with respect

to tlie dip of the horizon, that observations made by the hori-

• The s[)ots near whicli this local attraction was found, arc designated

on the chart by this mark, 0.
zon
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zon of the sea, even when wholly free from ice, cannot be de-

pended on within two or three minutes. There is, however,

practically, little or nothing to regret on this account, from the

almost constant opportunities that occur in these seas of re-

sorting to the more accurate method of observation by artificial-

horizons. The weather, which had for several hours been

rainy and thick, cleared up about noon on the 4th. In con-

sequence of the wind shifting to the N. W. we made sail from

the floe, in order to look for the buoy and to continue our ob-

servations on the magnetic attraction in that neighbourhood.

After making several tacks as near the place as the bearings

of the land and the soundings could direct us, but without

discovering the buoy, we were obliged for the present to give

up the attempt ; having to our great satisfaction observed a

floe, at least three miles in length and two in breadth, just

detached from the fixed ice, and rendering it necessary for us

to work out of its way lest it should force us towards the

shore : we onlyt, therefore, waited to put down some nets to

ascertain the nature of the bottom, and then hauled round the

floe. A quantity of shells, among which were a few of the

new species of Anomia discovered on the last voyage, with

some shrimps and echini, were all that we could thus fish up.

Having cleared the end of the floe, which drifted rapidly away,

and, as usual here, never made its appearance afterwards, we
made the ships fast to the fixed ice P. M. having by the late

disruption made considerable progress in the direction of the

strait."

Page 317.—"The wind gradually falling, was succeeded

by a hght easterly bi'eeze, with which, at daylight on the 26th,

we steered under all possible sail up the strait. The course

being shaped, and no ice in our way, I then went to bed ; but

was immediately after informed by Mr. Crozier that the com-
passes had shifted from N ^ E. (which was the course I left

them indicating) to E i N., being a change of seven points in

less than ten minutes. After running half a mile in a true W.
by N. direction, the needles began to return to their true posi-

tion ; in half a mile farther they had resumed their proper di-

rection, and agreed exactly at North. Having sent a boat to

the Hecla immediately on our noticing the first alteration, I

found from Captain Lyon that a similar phenomenon was ob-

served to take place on board that ship, which was following

in our wake. The breeze slowly increasing from the eastward,

and the weather happily remaining unusually clear for that

direction of the wind, we soon arrived off" the narrow part of

the strait ; immediately on opening which, we met a tide or

current running above two knots to the eastward, with nume-
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rous eddies and ripplings. By keeping on the South, or con-

tinental shore, and passing along by Cape N.E. within two

or three hundred yards of the rocks, we succeeded, with the

assistance of the boats a-head, in getting through the channel

soon after eleven o'clock."

Extractfrom Captain Lyon's Voyage of Discovery,

Latitude 61° 13'— Longitude 63° 54'.

" The deviation of our compasses was here very great and

irregular, although less so with our head Northward, than

otherwise : even Gilbert's excellent azimuth compass required

constant tapping, although under the influence of Professor

Barlow's plate, which had hitherto corrected it with the great-

est accuracy."—Page 30.

« The stillness of this day was highly favourable for obtain-

ing observations for the dip of the needle ; but the floe to

which we were fast was not of sufficient extent to admit of our

getting so far from the ship as to be free from her attraction :

I was now the more desirous of obtaining these observations,

on account of the fast increasing sluggishness of the com-

passes,—for that of Gilbert's, which had hitherto been fully

corrected for the local attraction of the ship by Barlow's plate,

now beoan to show nearly as much deviation when our head was

to the Eastward, as any of the other compasses."—Page 44..

" Our compasses had now become quite useless, with our

head Southerly ; and that in particular to which the plate was

fitted, so powerless, that its North point stood wherever it was

placed by the finger ; but with our head Northerly, they all

traversed again. This, however, benefited us but litde ; for,

as our route lay to the South-west, we were without other

guidance than celestial bearings, which could not always be

obtained."—Page 53.
• , • i

" In the forenoon watch, our larboard compass, which, with

two others, had shown our head N. b. W. which (with three

points and a half westerly variation) agreed with the sun's

bearing, in giving a N. W. ^ W. course, suddenly pointed

E.N.K, and no tapping or motion would keep it in any other

point for two or three minutes ; after which, it as suddenly re-

covered its agreement with the others, and continued quite

correct. We now, from repeated observations, discovered

that when our head was nearly North by compass, the devia-

tion was three points and a half West ; but when between

North and West, it amounted to eight pomts ; while with the

head to the Southward, the compasses would generally rest

whesever they were directed by the finger ; and sometimes

cacli persisted in maintaining a dircclion of ils own.

Vol. 65. No. 325. Maj/ 1825. 3 A ''Barlow'.^
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" Barlow's plate now became useless, and its want of effect

was decided by finding Gilbert's compass, while under its im-

mediate influence, the dullest in the ship."

Ellis, in his account of the Expedition of the Dobbs and

California, in 1746, says :

—

" 1 cannot help taking notice in this place (while off" Ches-

terfield Inlet), while amongst these islands, and in sailing

through the ice, the needles of our compasses lost their mag-

netical qualities : one seeming to act from this direction, and

another mider that ; and yet they were not for any consider-

able time constant to any. We laboured to remedy this evil,

by touching them with an artificial magnet, but to very little

purpose ; for if they recovered their powers by this means,

they presently lost them again."

—

Ellis's Account, page 220,

in theYear 1748.

Appendix.—No. III.

Extractfrom Capt. Franklin's Journey to the Polar Sea.—18 1 9.

^^ August 12th.—Azimuths were obtained this evening that

gave the variation 58° 45' O", which is greater than is laid

down in the Chart, or than the officers of the Hudson's Bay
ships have been accustomed to allow. Latitude 57° North."

—Page 26.

" August 19th.—Nothing worthy ofremark occurred, except

the rapid decrease in the variation of the magnetic needle.

" N. B. At York factory the variation is only 6° OO' 21"

East."—Page 32.

" September 25th.—About half a mile from the bend or

knee of the lake, there is a small rocky islet, composed of

magnetic iron ore, which affects the magnetic needle at a con-

siderable distance. Having received previous information re-

specting this circumstance, we watched our compasses care-

fully, and perceived that they were affected at the distance of

three hundred yards, both on the approach to and departure

from the rock ; on decreasing the distance, they became more
and more unsteady ; and on landing they were rendered quite

useless, and it was evident that the general magnetic influence

was totally overpowered by the local atti'action of the ore.

When Kater's compass was held near to the ground on the

North-west side of the island, the needle dipped so much that

the card could not be made to traverse by any adjustment of

the hand ; but on moving the same compass about thirty yards

to the West part of the islet, the needle became horizontal,

traversed freely, and pointed to the magnetic North. The dip-

ping needle being landed on the South-west point of the islet,

was adjusted as nearly as possible on the magnelic meridian,
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by the sun's bearings, and found to vibrate freely : when the

face of the instrument was directed to the East or West, the

mean dip it gave was 80° 37' 50"; when the instrument was

removed from the North-west to the South-east point, about

twenty yards distant, and placed on the meridian, the needle

ceased to traverse, but remained steady at an angle of 60° ;

on changing the face of the instrument so as to give it a South-

east and North-west direction, it hung vertically. The posi-

tion of the slaty strata of the magnetic ore is also vertical,—

their direction is extremely irregular, being much contorted.

—Page 56. ,

« The observations of this evening seem to corroborate the

remark which I had previously made, that the direction in

which the needle moves seems to depend upon the position in

which the streams of the aurora borealis are placed, and the

quantity of its effect to its proximity to or distance from the

earth. When the extremities of the arches lay near the bear-

ings of 324° and 54°, the needle moved Eastward ;
and when

near the bearing, 324° and 144°, or 279° and 99°, the motion

of the needle was Westward: both of these facts were shown

to-nifxht. At the first display, when the extremities ot the

arches pointed near 324° and 54°, and the interior motion lol-

lowedthe same direction, the needle moved Eastward as tar as

345°, but after midnight, coruscations ceased to appear m that

direction, and at 12" 10™, were Presented in three arches

traversing the zenith, whose extremities pointed 1 2 1 and 302 ;

the needle then receded towards the West, and rested at 349

SC, having varied its position 5° 40' in the course ot twenty

minutes."—Page 560.
, . . , ^^ c a,^

« I apprehend much of the irregularity in the result ot the

observations for the variation of the compass along the Copper

Mine River is to be attributed to local causes ot attraction,

and particularly to the existence of iron ore among the rocks,

which is very general : a greater intermixture of iron ore was

perceived in the rocks on the sea coast, than on the banks ot

the Copper Mine River."—Page 635.

' The seat of the phenomenon of the aurora boreahs lies

between the latitudes 64° and 65° North, or about the position

of Fort Enterprize, because the coruscations were as often seen

there in the southern as in the northern parts ot the sky. —

^fhelJland of Canna, on the western coast of Scotland,

affords a remarkable instance of the ellects on the magnetic

needle from the local attraction of mountams (charged with

iron ont).—Sce Munai/s 'I'our to the Ilchrides.
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LVIII. A Binary Arrangement of the Class Amphibia. Bij

A. H. Hawouth, Esq., FeUoiv of the Linmean aiid Horti-

cultwal Societies of London, and of the Imperial Natural

History Society of Moscoia, S^c. Sfc.

To the Editor of the Philosophical Magazine and Journal.

Sir,

IN order that some other class of Natural History might be

subjected to the test of my binary method of arrangement

besides that of Cnistacea, I send you hereunder, a table, so dis-

posing of all the numerous genera of the Class Amphibia, or

Reptiles ; as far at least as they are published in the elaborate

work of Merrem, on that class, in 1820; and who is at once

the best and last author on this subject. And to those I have

added the three most extraordinary and colossal fossil genera

Ichthyosaurus, Plesiosaurus, and Megalosaurus, which have

latterly so extensively interested both the geological and zo-

ological world.

In my last communication I noticed to you the manner in

which the analogies and affinities of Natural History are in-

dicated in my tables, and how these insensibly blend into

each other. And I may now further observe, that every

dichotomy of the tables, if viewed and taken with the root (or

semi-dichotomy) from which it immediately proceeds, may be

considered as a sort of triangular circle returning affinitatively

into itself: and that the two further dichotomies issuing from

each of its branches may be also considered as forming with it

a still larger and broader-based triangular or pyramidal circle

(inclosing the former) : and so, onwards, until we arrive at the

Genera; and including finally (circle within circle) every

group in the table of Nature ; together with all the variouf

genera into which each group is capable of being divided ; an..

into which each respectively extends, and ends: the great

whole composing the vast homogeneo-heterogeneous circle of

Nature— " Ubique varians semper tamen eadem."

I remain, sir, yours, &c.

Queen's Elm, Chelsea, Apiil 22, 1825. A. H. Haworth.

P. S. The generic names are ever in italics in the tables, to

distinguish them to the current reader promptly from all others;

showing at the same time their due locations, as they occur

in the continuous way of a straight line.

AM PHI-
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LIX. On a new Compensation Pendulian.

Herapath, Esq.

TT has long been an object with astronomers
* and navigators to possess a cheap and cor-

rect pendulum, which shall have the power of

correcting its expansion or contraction from

heat and cold. The principle adopted in the

construction of such pendulums has been, that

of an expansion upwards by one metal just equal

in amount to the downward expansion of the

pendulum rod. The most approved instruments

of this sort are, what has been termed the Grid-

iron pendulum, Mons. Thiout's, and the mer-

curial one. These are so well known to scientific

persons, that it is unnecessary to describe them
here, but merely remark that neither of them
have been extensively introduced. I conceive

this non-introduction to arise, from the com-
plexity of the gridiron pendulum, from the dif-

ficulty of making heat and cold act equally on

the two rods of Mons. Thiout's (the one being

outside the clock-case while the other is inside),

and from the expense of the mercurial pendu-

lum. Considering it possible to make a com-
pact pendulum rod which shall not possess the

disadvantages of the others, and that such an

one would still be a desideratum, I shall pro-

ceed at once to the description, after having

given the data upon which the calculations are

founded.

The average expansion of iron, as taken from

the experimentsof Lavoisier and Laplace, Bor-

da, Smeaton, Troughton, and Dulong and Petit

between the temperatures of 32° and 212° F.,

for every 1-000000000 is -001 24.869, or for 1°

Fahr. is -000006937. The expansion of steel

spring for 1° Fahr. is -00000761 according to

Muschenbroek ; and that of hammered zinc for

1° Fahr. is -00001672 according to Smeaton.

If the pendulum be constructed as usual of

three inches of watch spring, and the remain-

der of iron wire, the expansion for 1 ° of Fahr.

will be 3 inches steel -000022830
36-139290 iron -000250600

-000273i30 in.

BjJ
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which would be counteracted by 16'35 inches of zinc. But as

this cannot be apphed without adding more iron, the zinc

must be increased by so much as will also counteract that ad-

dition ; and yet the zinc must not be greater or less in length

than the iron added. The exact cjuantity I make to be 27*92

inches.

The expansion ofpendulum rod will then be for 1° Fahr.

3 in. steel -000022830
36-139290 iron -000250600
27-92 iron •00019354-2

67-059290 in. -0004.66972 of 27-92 inches zinc will be
•0004.66822.

Having determined the length of zinc necessary, I apply it

thus :—The pendulum rod is made as usual in common clocks,

with three inches of steel spring attached to an iron wire,

having a foot firmly fastened to it ;—a tube of zinc 27*92

inches long, is slid over this rod and fastened to the foot : an

iron tube is now put over this zinc tube, and at the top is fixed

by a screw to the top of the zinc; the bottom of the iron tube

is connected with the pendulum ball.—The annexed view will

convey a better idea of the nature of the instrument than any
verbal descrij^tion.

A is the watch spring.

B the iron wire.

C the zinc tube.

D the external iron tube.

E E the screw collars for regulating the zinc tube.

F the screw for shortening the whole rod.

LX. On the Gold Mines of North Carolina. By Denison
Olmsted, Professor of Chemistry and Mineralogy in the

University of North Carolina *.

''pi IE gold mines of North Carolina, which have recently
-^ become an object of much inquiry both at home and
abroad, are situated between the 35th and 3()th degrees of N.
latitude, and between the 80th and 81st degrees of W. longi-

tude from London. They are on the southern side of the

State, not far from the borders of South Carolina, and some-
what westward of the centre. Through the gold country

flows the river Petlec, receiving within tlie same district, the

IJwharre from the north, and Uocky River from the south,

both considerable streams. Above the junclion with the

I'wharre, the Pedee bears the name of Yadkin,

The gold country is spread over a space of not less than

• I'Vom the Aiiicriraii Joiinial ol' Science ami Arts : vol. ix.

1000
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1000 square miles. With a map of N. Carolina one may
easily trace its boundaries, so far as they have been hitherto

observed. From a point taken eight miles west by south of

the mouth of the Uwharre, with a radius of eighteen miles,

describe a circle,—it will include the greatest part of the

county of Montgomery, the northern part of Anson, the north-

eastern corner of Mulenberg, Cabarrus, a little beyond Con-
cord on the west, and a corner of Rowan and of Randolph.

In almost any part of this region, gold may be found in greater

or less abundance, at or near the surface of the ground. Its

true bed, however, is a thin stratum of gravel inclosed in a

dense mud, usually of a pale blue, but sometimes of a yellow

colour. On ground that is elevated and exposed to be washed
by rains, this stratum frequently appears at the surface; and
in low grounds, where the alluvial earth has been accumulated

by the same agent, it is found to the depth of eight feet : where

no cause operates to alter its original depth, it lies about three

feet below the surface. Rocky River and its small tributaries

which cut through this stratum, have hitherto proved the most
fruitful localities of the precious metal.

The prevailing rock in the gold country is argillite. This

belongs to an extensive formation of the same, which crosses

tlie State in numerous beds, forming a zone more than twenty

miles in width, and embracing, among many less important

varieties of slate, several extensive beds of novaculite, or whet-

stone slate, and also beds of petrosiliceous porphyry and of

greenstone. These last lie over the argillite, either in detached

blocks, or in strata that are inclined at a lower angle than that.

This ample field of slate I had supposed to be the peculiar

repository of the gold ; but a personal examination discovered

that the precious metal, embosomed in the same peculiar stra-

tum of mud and gravel, extends beyond the slate on the west,

spreading, in the vicinity of Concord, over a region of granite

and gneiss.

A geographical description of the gold country would pre-

sent little that is interesting. The soil is generally barren, and

the inhabitants are mostly poor and ignorant. The traveller

passes the day without meeting with a single striking or beau-

tiful object, either of nature or of art, to vary the tiresome

monotony offorests and sandhill?, and ridges of gravelly quartz.

Here and there a log hut or cabin, surrounded by a few acres

of corn and cotton, marks the little improvement which has

been made by man, in a region singularly endowed by nature.

The road is generally conducted along the ridges, which slope

on either hand into valleys ofmoderate depth, consisting chiefly

of fragments of quartz, either strewed coarsely over the ground,

or
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or so comminuted as to form gravel ; these ridges have an aj>

pearance oF great natural sterility, which, moreover, is greatly

aggravated by the ruinous practice of frequently buining over

the forests, so as to consume all the leaves and lUKler-growth,

giving to the forest the aspect of an artificial grove.

The ])rincipal mines are three—the Anson mine. Reed's

mine, and Parker's mine.

The Anson mine is situated in the county of the same name,

on the waters of Richardson's creek, a branch of Rocky River.

This locality was discovered only two years since by a "gold

hunter,"—one of an order of people, that begin already to be

accounted a distinct race. A r vulet winds from north to

south between two gently sloping hills that emerge towards

the south. The bed of the stream, entirely covered with

gravel, is left almost naked during the dry season, v.hich

]ieriod is usually selected by the miners for their operations.

On digging from three to six feet into this bed, the workman
comes to that peculiar stratum of gravel and tenacious blue

clay, which is at once recognised as the repository of the gold.

The stream itself usually gives the first indication of the rich-

ness of the bed through which it jxisses, by disclosing large

pieces of the jtrecious metal shining among its pebbles and

sands—such was the lirst hint afforded to the discoverer of

the Anson mine. Unusually large pieces were found by those

who first examined the place, and the highest hopes were in-

spired. On inquiry it was ascertained that part of the land

was not held by a good title, and parcels of It were immedi-

ately enta-ed* : but it has since been a subject of constant liti-

gation, which has retarded the working of the mine.

Reed's mine in Cabarrus is the one which was first wrought;

and at this place, indeed, were obtained the first specimens of

gold that were found in the formation. A large piece was

ibund in the bed of a small creek, which attracted attention

by its lustre and specific gravity ; but it was retained, for a

long time after its discovery, in the hands of the proprietor,

through ignorance whether it were gold or not. This mine

occupies the bed of Meadow creek, (a branch of Rocky

River,) and exhibits a level between two hillocks, which rise

on either side of the creek, afibrding a space between from

fifty to one hundred yards in breadth. This space has been

nearly all dug over, 'and exhibits at present numerous small

pits for the disUmce of one fourth of a mile on both sides of

• A piece of lun.l is said not to be cntncd when it remains the property

of tlie public, without taxation. Any one is at liberty to enter on the State

l)ooks whatever land lie can find in this situation, the land being secured

to him on his In-coming responsible for the taxes.

Vol. 65. No. y25. i»% 1825. 3B the
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the stream. The surface of the ground and the bed of tlie

creek are occupied by quartz and by sharp anguhir rocks of

the greenstone family. The first glance is sufficient to con-

vince the spectator that the business of searching for gt)ld is

conducted under numerous disadvantages, without the least

regard to system, and with very little aid from mechanical

contrivances. The {)rocess is as follows. During the dry

season, when the greatest part of the level above described is

left bare, and the creek shrinks to a small rivulet, the work-

man selects a spot at random, and connnences digging a pit

with a spade and mattock. At first he fienetrates through

three or four feet of dark-coloured mud, full of stones in

ano-ular fragments. At this depth he meets with that peculiar

stratum of gravel and clay, which he recognises as the matrix

of the gold. If the nmd be very dense and tenacit)us, he ac-

counts it a good sign ; and if stains or streaks of yellow oc-

casionally appear on the blue mud, it is a fortunate symj)tora.

Sometimes he penetrates through a stratum of the ferruginous

oxide of manganese, in a rotten friable state. This he deno-

minates "cinders," and regards it also as a favourable omen.

Having arrived at the proper stratum, which is only a few

inclies thick, he removes it with a spade into the " cradle."

This is a semi-cylinder laid on its side, (like a barrel bisected

longitudinally and laid flat-wise,) and made to rock like a

cradle on two parallel poles of wood. The cradle being half

filled with the rubbish, water is then laded in, so as nearly

to fill the vessel. The cradle is now set to rocking, the gravel

being occasionally stirred with an iron rake, until the coarse

stones are entirely freed from the blue mud,—a part of the pro-

cess which is the more difficult, on account of the dense adhe-

sive quality of the mud. By rocking the cradle rapidly, the

water is thrown overboard, loaded with as much mud as it is

capable of suspending. The coarser stones are then picked

out by hand, more water is added, and the same process- is

repeated. On pouring out the water a second time, (which is

done by inclining the cradle on one side,) a layer of coarse

gravel appears on the top, which is scraped off by hand. At
the close of each washing, a similar layer of gravel ajipears on

the top, which appears more and more connninuted until it

graduates into fine sand, covering the bottom of the cradle.

At length this residuum is transferred to an iron dish, which

is dipped horizontally into a pool of water, and subjected to a

rotary motion. All the remaining earthy matter goes over-

board, and nothing remains but a fine sand, chiefly ferrugi-

nous, and the particles of gold for which the whole labour has

been performed. These are frequently no larger than a pin's

head.
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head, but vary in size from mere dust to pieces weighing one

or two pennyweights. Large pieces, when they occur, are

usually picked out at a previous stage of the process.

Large pieces of gold are found in this region, although

their occurrence is somewhat rare. Masses weighing four,

five, and six hundred pennyweights, are occasionally met
with ; and one mass was found that weighed, in its crude state.,

28 lbs. avoirdupoise. This was dug up by a negro at Reed's

mine, within a few inches of the surface of the ground. Mar-
vellous stories are told respecting this rich mass ;—as that it

had been seen by gold-hunters at night, reflecting so brilliant

a light, when they drew near to it, with torches, as to make
them believe it was some supernatural appearance, and to

deter them fi-om further examination. But all stories of this

kind, as I was assured by Mi*. Reed the old proprietor, are

mere fables. No unusual circumstances were connected with

the discovery of this mass, except its being nearer the surface

than common. It was melted down and cast into bars soon

after its discovery. The spot where it was found has been

since subjected to the severest scrutiny, but without any similar

harvest Another mass weighing 600 pennywts. was found on

the surface of a ploughed field in the vicinity of the Yadkin,

twenty miles or more north of Reed's mine. Specimens of

great elegance, as I should infer from the descriptions of the

miners, are occasionally found ; but for want of mineralogists

to reserve them for cabinets, they have always been thrown

into the common stock and melted into bars. Mr. Reed found

a mass of quartz, having a projecting point of gold of the

size of a large pin's head. On breaking it open, a brilliant

display ofgreen and yellow colours was presented, which he de-

scribed as exceedingly beautiful. The gold weighed 1 2 pennywts.

The mineralogist may perhaps recognise in this description

a congeries of fine crystals, but on that point the proprietor

could not inform me. Although fragments of greenstone and

of several argillaceous minerals occur among the gravel of

the gold-stratum, yet, in the opinion of the miners, the pre-

cious metal is never found attached to any other mineral than

cjuartz. Indeed it is rarely attached to any substance, but is

commonly scattered promiscuously among the gravel. Its

colour is generally yellow with a reddish tinge, though the

surface is not unfrecjuently obscured by a partial incrustation of

iron or manganese, or by adhering particles of sand. The
masses are flattened antl vesicular having angles rounded with

evident marks of attrition. The rounded angles and vesicular

structure lead to the opinion, which is very general, that the

metal has undergone Jitsion ; but any one who inspects the

.'{ B 2 specimens
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specimens narrowly, will be convinced that their worn and
rounded appearance is owing to attrition, and that the cavities

are produced by the indentation of sand and gravel, the exact

impress of which may be observed, and particles of them may
siill frequently be seen imbedded. The gravel, moreover,

which is separated by washing, bears evident marks of attri-

tion, of a limited duration, sufficient to round its edges and

angles, but not sufficient to destroy them : the fragments are

not ovoidal like the pebbles of rivers, but are still flat, retain-

ing their original form, except that their edges are dull and

their angles blunted. In short, the whole appearance is such,

as would naturally result from so soft a substance as virgin

gold being knocked about among such stern associates as

quartz and greenstone.

The appearance of fusion, supposed to be exhibited by the

gold, has inspired the idea among the miners, llvat the small

pieces which they obtain have been melted out from some oit

that lies disguised somewhere in the vicinit}^ This idea has

frequently made them the dupes of im])osition. The juineral

rod, charms, ami other follies, have had their reign here; and
the first is still held in some estimation. The common rocks

and stones of the country have been tortured by a new race

of alchymists, who have imagined them to be the ore of gold,

veiling, under some disguise, the characters of the precious

metal. A great degree of eagerness also pervades the country

on the subject of the metals in general. The minerals thrown
out in excavating pits in search of gold, consist chiefly of

quartz, greenstone, and hornblende mixed with chlorite, and
afford little that is interesting to the collector of specimens.

Almost the only substance which I met v/ith, that was worth
preserving merely as a specimen, was j^yritotis copper. Of
this I saw some elegant fragments. It occurs in a gangue of

quartz, and resembles that found at Lane's mine at Hunting-
ton, Con. (Amer. Journal of Science, vol. i. p. 316.) A vein

of it occurs in slaty clay, six miles east of Concord, in Cabar-
rus county. This ore had been subjected to numerous ex-

periments, on account of the belief that it was the " ore of

gold " above mentioned ; and, although the experiments did

not lead to the discovery of gold, yet a " German miner and
mineralogist" had, it was said, detected platina in it. On
searching into the evidence of so unexpected a result, I was
informed that a white metal was pi'oduced from this ore, which
was not lead, nor tin, nor silver, but answered perfectly to

the description of platina, .tlthough, as they acknowledged, it

was easily fused, and burned with a blue flame. I suspected
it to be metallic antimony, but still could perceive no signs

of
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of that metal in the ore. I requested a minute account of the

process.—The matt-rials, namely, the ore, charcoal, borax,

&c. were put into a crucible—emetic tartar, in considerable

quantity, was added to make the ore " spew out" the metal.

Ipecacuanha was afterwarts tried with the same view, but was

not found to be strong enough " to make the ore vomit."

After the account of the process, it was not difficult to account

for the production of antimony, it being obviously derived

from the emetic tartar.

At Concord near the western limit of the gold country the

metal is found in small grains in the streets and gullies, after

every rain ; and the gullies frequently disclose the stratum of

gravel and mud, well known as the repository of the gold.

Washings on a more limited scale ai'e conducted here. The
clay is not so dense at this place as at Reed's mine, but more

ferruginous and full of spangles, of golden-coloured mica.

This stratum rests on gneiss: those before described were

over the slate formation.

Parker's mine is situated on a small stream four miles south

of the river Yadkin. As in the instances already mentioned,

excavations were numerous in the low grounds adjacent to the

stream ; but, at the time of my visit, the earth for washing

(which was of a snuff colour) was transported from a ploughed

field in the neighbourhood, that was elevated above fifty or

sixty feet above the stream. The earth at this place which

contained the gold was of a deeper red than diat at either of

the other mines. The gold found here is chiefly in flakes and

grains. Occasionally, however, pieces are met with which weigh

100 pennywts.'and upwards; and very recently a mass has been

discovered that weighed four pounds and eleven ounces. Tliis

is said to have been found at die depth of ten feet, which is a

lower level than any I had heard of before. The idea of an

acjueous deposit, which is apt to be impressed upon us when-

ever we eitlier inspect the formation or reflect u})on its origin,

would lead us to expect, on account of the great specific gravity

of gold, that the largest masses would be found at the lowest

depths. But I am not aware that any uniformity exists in this

respect. The largest mass hitherto discovered was, as has

been mentioned already, found within a few inches of the sur-

face. It is evident that the tliin stratum which contains the

metal will be buried at diflerent depths, by variable quantities

of alluvial earth, that are accumulated over it by causes still

in operation ; and consequently, that the depth at which the

stratum happens to be met with in any given place, is no cri-

terion of its richness. Nor does the lact that this fortunate

discovery was made at a lower level than ordinary, afibrd any
encouragement
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encouragement to work lower than the usual depth. It might
interest geological curiosity, however, to learn the nature of

the strata below the gold deposit, although I do not know
that the existence of this furnishes any reasonable grounds for

supposing that there are other similar deposits below it. I

could not find that any search had been made with such an
expectation, except in a single instance. Near the spot where
the largest mass was found, the earth was penetrated a few feet

below the gold bed. Immediately beneath this was a thin layer

of green sand, and next a similar layer of a bright yellow sand.

These had a very handsome appearance, but neither of them
seemed to contain any thing more precious than mica.

The terms on which the proprietors of the mines permit

them to be worked, vary with the productiveness of the earth

which is worked. Some of the miners rent for a fourth of the

gold found ; some for a third, and others claim half, which is

the highest premium hitherto paid. The avarage product at

Reed's mine was not more than sixty cents a day to each

labourer; but the undertakers are buoyed up with the hope of

some splendid discovery, like those which have occasionally

been made.
The mines have given some peculiarities to the state of so-

ciety in the neighbouring country. The precious metal is a

most favourite acquisition, and constitutes the common cur-

renc)'. Almost every man carries about with him a goose

quill or two of it, and a small pair of scales in a box like a

spectacle-case. The value, as in patriarchal times, is ascertained

by weight, which, from the dexterity acquired by practice, is

a less troublesome mode of counting money than one would
imagine. I saw a pint of whisky paid for by weighing off'

three grains and a half of gold.

The greatest part of the gold collected at these mines is

bought up by the country merchants at 90 or 91 cents a pen-

nyweight. They carry it to the market-towns, as Fayetteville,

Cheraw, Charleston, and New-York. Much of this is bought

up by jewellers ; some remains in the banks ; and a conside-

rable quantity has been received at the mint of the United

States. Hence it is not easy to ascertain the precise amount
which the mines have afforded. The value of that portion re-

ceived at the mint before the year 1820, was 43,689 dollars.

It is alloyed with a small portion of silver and copper, but is

still purer than standard gold, being 23 carats fine. (Bruce,

Mineral. Jour. i. 125.

It will probably appear evident to geologists, from the fore-

going statements, that the gold of N. Carolina occui-s in a di-

luvial formation. Such indeed seems to be its usual bed ; and,
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in this respect, it resembles the gold countries of South Ame-

rica, of England, of Scotland, of Ireland, and of Africa. (Buck-

land, Rel.'biluv. 218—20.)

I liave already adverted to an impression entertained by the

inhabitants of our gold country, that the precious metal exists

somewhere in the vicinity in an ample bed or vein, from which

the pieces found are derived. It may not be uninteresting to

inquire whether we can obtain any light respecting its origin.,

1. Is it brought doisonfrom the sources of the rivers?

That this is not the case is evident, because it is not found

merely in the beds of the rivers, but also in the neighbouring

grounds, and that too whether the ground be plain or hilly.

The formation in fact, crosses over hill and dale, and frequently

the earth which is obtained on the hill side, or on the summits

of an elevation of one or two hundred feet above the beds of

the streams, is rich in metal. It is found on both sides of the

Yadkin, and in the bed and throughout all the branches of

Rocky River. It is evident, then, that the rivers do not

brino- down the gold from their sources, but that they cut

through a stratum containing it, which covers like a mantle,

an extensive tract of the country through which they flow,

and that they bring the precious metal to view by separating

it from its stony matrix.

2. Did the j^resetit lumps and graijis everform parts oflarge

masses in a continued bed or %mn ?

It has been already remarked that the present aspect of

these pieces is such as would naturally result from collision

among the siliceous fragments that accompany them. Impres-

sions of sand and gravel, or even imbedded sand, might, it is

true, be the result of fusion in a bed of sand ; but the appear-

ance is not that which arises from fusion nnder such circum-

stances, the cavities being superficial, forming impressions or

indentations, while there is no appearance in any specimen that

I have seen of a grain of sand enveloped by the mass*. But

if the present appearance of these lumps and grains be owing

to attrition, and the formation be, as we have sujiposed, a de-

posit from water, then we must regard them as the remains of

laiger j)ieces, reduced in size by collision with the accompa-

nying minerals, but not as parts of very large masses which

have been torn up and broken into fragments. Tiie same cause

that would be suilicient to break up into fragments the accom-

panying gravel, would not break u}) large masses of gold into

smaller pieces, since gold is soft and malleable, and not brittle

• Vide Kirwan's Geological Essays, lOJ.

and
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and iinyiekling like (juartz. The effect of running water ar.d

dashing rocks would be to wear down the pieces of gold and

compress them, but not to break thpm. The fine flakes and

dust of gold may be conceived to have been produced in this

manner ; and the relative quantity of dust may afford some
means of judging of the original size of the lumps and grains

from which it was derived. In the gold of this formation, but

little dust, comparatively, is saved, although more, I believe,

might be saved by a more improved process of working. At
jiresent the greater j)art collected is in the state of grains, or

small scattered lumps. The inference is, that this gold existed

originally, that is, before its removal to its present position, in

pieces somewhat larger than those found at present, but still

of a moderate size. Whether these pieces lay contiguous to

one another in a large vein, or whether they were flattened

abroad in individual masses, it is, perhaps, impossible to de-

cide. The fact that small veins have been found traversing

quartz, favours the idea that this was the original mode of ex-

istence.

There are some circumstances which induce the belief, that

the materials of the deposit itself were derived from the great

slate formation before mentioned. The green mud may be

supposed to have been formed out of the chlorite and argil-

laceous rock, with which the formation abounds ; the green-

stone pebbles correspond with a class of rocks of the same for-

mation ; and the quartzose fragments answer well in aj^pear-

ance to the larger fragments, that are profusely scattered over

the ridges of the slate country. Moreover, two masses of gold,

each weighing several pennyweights, have been found in the

county of Orange, over the same formation, 60 or 70 miles

north of the gokl region. Hence might be derived some faint

hopes of finding the gold in native veins or beds; but still these

may have been in the " fountains of the great deep" that were

broken up.

If we suppose that gold dust is universally derived from di-

luvial action on lumps of the same metal, it will account for

two well known facts ;—first, the very general diffusion of par-

ticles ofgold among the sands of all countries; and, secondly,

the circumstance of many rivers that were anciently auriferous,

liaving now ceased to be so ; as the Tagus, l*o, and Pactolus

(Kirwan, Geological Essays, 4'02.) This author also adds,

that it ajipears by the testimony of Disdown that some of the

rivers of France were much more abundantly auriferous in

former ages than they are at present. The dust derived from

diluvial action may be conceived to be exhausted or washed

out in the course of ages, while there is now no process going

forward for supplying the waste.

LXI. Notices
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LXI. Notices respecting Nens Books.
^*

'The Elements of Medical Chemistry ,- emhracing only those

Branches of Chemical Science which are calculated to illus-

trate or explain the different Objects of Medicine -, and to

furnish a Chemical Grammar to the Author''s Pharmacologia.
Illustrated by numerous Engravings on Wood, By John
Ayrton Paris, M.D. F.R. & L.S., Fellow of the Royal
College of Physicians of London, &c. London, 1825.
Svo. pp. 586 : with an appendix of tables.

T^HIS work, Dr. Paris informs us,—in a spirited "dialogue
-*- between the author and a practitioner who is about t J

direct the medical studies of his son" which serves as a preface

to it,—is founded ujron the notes from which he formerly lec-

tured. " And as my pupils were entirely medical," he observes,
" it was my care to collect all the chemical facts of professional

interest, to conduct the student to a knowledge of their

princi})les by the shortest path, and to remove from his road
every adventitious object that might obstruct his progress,

or unprofitably divert his attention."

Li these objects, we think*Dr. Paris has been eminently
successful in the work before us : it is an excellent and ad-
mirably arranged selection of facts from the best authorities

on the subjects of which it treats, combined and applied in

such a manner as evinces the author to be a master of the

science of" Medical Chemistry." Nor is it deficient in ori-

ginal views, where alone in such a work they were to be ex-

pected,—on the relations of chemistry to physiology and pa-

thology : and we cannot do better, perhaps, than quote, as

a specimen of the author's style and manner of treating his

subjects, part of his statement " In what manner Chemistry
is subservient to Medicine," &c. After stating the specious

objection to the utility of chemical science in physiology,

founded upon the axiom " that animated bodies are not only

enabled to resist all the laws of inanimate matter, but even to

act on all around them in a manner entirely contrary to those

laws," he enters into the following examination of this argu-

ment and some of its bearings :

—

" 8. Nor must it be forgotten that in some of the functions

of th<; living body, the vital energy would seem rather to cor-

respond in its action with chemical affinity, than to oppose
or supersede its influence ; and several of the senses may be
said to owe their energies to the perfection of organs which
are entirely constructed upon philosophical principles. Thus
re the laws of optics and acoustics in active operation during
Vol. 65. No. 325. May 1825. 3 C the
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the exercise of the visual and auditory apparatus ; and it is a
question whether some chemical action is not established by
the agency of sapid bodies upon the epidermis of the mucous
membrane of the mouth : it is, at least, seen evidently in some
cases, as in the effects of vinegar, the mineral acids, a great

number of salts, &c. By the same agents similar effects are

produced upon dead bodies ; and Dr. Majendie thinks that to

this species of combination the different kinds of impression

made by sapid bodies may be fairly attributed, as well as the

variable duration of such impressions. Nor is it reasonable

to deny that many of our remedies may act by a chemical ac-

tion on the alimentary canal : alkalies are thus frequently

serviceable, by clearing the primoe viai of superfluous animal
matter, which they effect by forming with it a soluble compounc'.
If the origin of animal heat cannot be satisfactorily traced to

a strictly chemical source, its maintenance, distribution, and
regulation may at least be shown to depend upon the agency
of those laws which alike govern the temperature of inert mat-
ter. Do we not perceive that every animal suffering from
diminished temperature, instinctively diminishes the surface

of its body, which is in contact with the cooling medium ?

Man under such circumstances is seen to bend the different

parts of his limbs upon each other, and to apply them forcibly

to the trunk *. It will be also seen, when we come to consider
the nature of capillary action, that many of the phaenomena
of living bodies, which have been erroneously attributed to the

action of the living principle, may be satisfactorily explained
by the simple operation of this attractive force. The absurdi-
ties of the chemical and mechanical sects have undoubtedly
driven the modern physiologist into a mischievous scepticism
with regard to the influence of physical causes upon a living

animal. John Hunter, even to associate whose name with error
will be regarded by many as an act little short of impiety, has
repeatedly attributed to the speciflc effect of life, actions that

ought to be solely referred to the powers belonging to inani-

mate matter. In the same manner an objection to impute to

the physical property of elasticity certain phaenomena ex-
hibited by membranous structure, has led Bordieuf, Bichat:):,

Blumenbach§, and others, to assign to it a peculiar vital power.

* Children and weak persons often take this position when in bed. It

would therefore be improper to confine j'oung children in swathing clothes
so as to prevent the necessary flexion.

f Recherches sur le Tissu Muqueux, § 70.
t Traite des Membranes, pp. 62, 101, 133.

j Iiistit. Physiolog. § 40, 59.

whose
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whose existence has neither been proved by experiment, nor
rendered probable by analogy.
" 9. But there is another point of view in which the same

question may be advantageously regarded. The pathologist

will have to contemplate the living powers in various states of

languor and decay, when they will be found incapable of
wholly resisting the laws which govern inanimate matter;

and we shall learn, during the progress of the present work,
that in certain conditions of the human body, several of the

fluids will undergo the same chemical decompositions as

would take place in the laboratory. The same observation

will apply to the agency of mechanical causes. In a state of

perfect health, the fluids of the body will not descend to the

inferior parts, agreeably to the law of gravitation, because
the vital power opposes itself to this hydraulic phaenomenon,
and with an energy in direct proportion, as it would seem, to

the robust and vigorous state of the individual ; for if the per-

son be reduced by disease, this tendency will be only im-
perfectly resisted ; the feet in consequence will swell. The
ibllowing experiment of Richerand may be here related, to

show how greatly the power manifested in the living body of

resisting, with more or less success, the influence of physical

force, is enfeebled by disease. He applied bags filled with

very hot sand all along the leg and foot of a man who had
just undergone the operation for popliteal aneurism ; the

artery was tied in two places under the ham. Not only was
the usual coldness which follows an interruption of the circu-

lation thus prevented; but the extremity, so managed, acquired

a degree of heat much greater than the ordinary temperature

of the body. The same apparatus, when applied to a healthy

limb, was unable to produce that excess of caloric, obviously

in consequence of the energy of life opposing such an effect.

" 10. Mr. Earle has published an interesting paper*, to

prove that, when a limb is deprived of its due share of vitality,

it is incapable of supporting any fixed temperature, and is pe-

culiarly liable to partake of the heat of surrounding media.

The cases which are adduced prove also that a member so

circumstanced cannot without material injury sustain a degree

of heat which would be perfectly harmless, or even agreeable,

to a healthy part : thus, the arm of a person became paralytic,

in consefjuence of an injury of the axillary plexus of nerves,

from a fracture of the collar-bone. Upon keeping the limb for

• Cases and Observations, illiistratin<; the Influence of the Nervous Sy-

ntcni in rcgnlatinj; Animal Heat : by II. Earle, Esi|. Published inthe 7th

volume of the Transactions of the Medico-Chirurgical Society.

3 C 2 nearly
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nearly half an hour in a tub of warm grains, which were
previously ascertained by the other hand not to be too hot,

the whole hand became blistered in a most alarming manner,
and sloughs formed at the extremities of the fingers. In a se-

cond case, the ulnar nerve had been divided by the surgeon for

the cure of a painful affection of the arm ; the consequence of

which operation was, that the patient was incapable of washing

in water at a temperature that was quite harmless to every duly

vitalized part, without suffering from vesication and sloughs.

"11. It follows then that the pathologist may frequently

derive important conclusions from the doctrines of chemistry,

although we must deeply regret that this department of me-
dical knowledge, like that of physiology, should have suffered

from too hasty generalization : but let no one attempt to tole-

rate his apathy, or to encourage his despair, by a reference to

failures which have arisen on the one hand from a deficiency

of knowledge, and on the other from errors which are to be
solely attributed to a perversion of it ;—let him rather seek en-

couragement in the contemplation of those useful improve-

ments which have been derived from the judicious apjilication

of chemical science, and which are daily augmenting the re-

sources of the intelligent physician, and tending to diminish

the aggregate of human suffering."

Dr. Paris concludes his work with announcing his intention

of following it by a volume on Animal Chemisti"y, having been
prevented from proceeding beyond Vegetable Chemistry, it

would seem, by the bulk to which the work had already ex-

tended ;—and we hope he will speedily fulfil this design.

Recently piiblished.

The Third Part of Volume XIV. of the Transactions of
the Linnsean Society of London, has just appeared ; and the

following are its contents :

Observations on the Natural Affinities that connect the

Orders and Families of Birds. By Nicholas Aylward Vi-
gors, Esq. A.M.—Descriptions of two Species of Antelope
from India. By Major-General Thomas Hardwicke.—De-
scription of a new Species of Tailed Bat

(
Taphosous of Geoff.)

found in Calcutta. By Major-General Hardwicke.—Anato-
mical Observations on the Natural Group of Tunicata, with

the Description of three Species collected in Fox Channel
during the late Northern Expedition. By William Sharp
MacLeay, Esq., A.M.—A Description of a new Species of
Scolopax lately discovered in the British Islands: with Ob-
servations on the Anas glocitans of Pallas, and a Description

of the Female of that Species. By N. A. Vigors, Esq. A.M.
—ADe-
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A Description of such Genera and Species of Insects,

alluded to in the "Introduction to Entomology" of Messrs.

Kirby and Spence, as appear not to have been before suffici-

ently noticed or described. By the Rev. William Kirby, A.M.

—Description of Cowania, a new genus of Plants ; and of a

new Species of Sieversia. By Mr. David Don, Libr. L.S.

—

Description of the Buceros galeatus from Malacca. By Major-

General Thomas Hardwicke.

ANALYSIS OF PERIODICAL WOKKS ON NATURAL HISTORY.

Zoological Jmirrial.

No. V. of this useful work has just appeared, commencing the second

volume; together with a Fasciculusof Supplementary Plates to vol. i. The

Number contains the following articles : —The Rev. Mr. Kirby's Introductory-

Address, explanatory of the views of the Zoological Club, delivered at its

foundation, reprinted from the Philosophical Magazine.—Some further Re-

marks on the nomenclature of Orthoptera, with a detailed description of

the genus Scaphura ; also by Mr. Kirby. This I'.aper is illustrated by fi-

gures of the generic characters of Scaphura, and by a coloured figure of S.

Vigorsii.—Observations on the Structureof the Throat in the genus Anolh;

by Mr. Bell with figures: On the utility of preserving facts relative to

the habits of animals ; by Mr. Broderip.—Additional observations upon

a Fossil found in Coal Shale, and the description of a Palate found in

Coal, near Leeds; by Messrs. J. D. C. Sowerby and E. J. George: with

a figure.— Notice of the Occurrence of some rare British Birds; by Mr.

Yarrell.—Descriptions of some new and rare Volutes, by Mr. Broderip. In

the introduction to these descriptions Mr. Broderip ably vindicates from

some current aspersions the class of scientific collectors of subjects of

Natural History, of which he forms so distirguishcd a member. The only

Volute described by him which is absolutely new is V. ridila, a beautifuj

species, of whidi a coloured plate is given : it is characterized as " V. testa

ovato-oblonga, rufescente, maculis subtrigonis, confluentibus, croceo-rubris

varia; spira brevi, sutura simpligi ; apice papillari, subgranulato : anfractu

basali tuberculis elongatis armato, fasciisque 2, latis, interrujitis, rutilis,

ornato; columella 4-plicata. Habitat in Ocean. Austral.?" - Continuation of

Mr. Vigors's Sketches in Ornithology, of which the subjects are, a group of

Psi'tacifla known to the ancients, which Mr. Vigors has erected into a genus

called Palmmm; and a new Brazihan genus of Falcouida, to which he ap-

plies the name of Gampsnnt/x.— MT. Kirby on a pair of remarkable horned

mandibles of an Insect; with a figure.— Mr. French on Instinct, Essay III.,

On the Specific Constitution of the Brute Mind, and its Modifications under

Human Influence. -Characters and Descriptions of several Brazilian Tham-

nophili; by .Mr. Swainson.— Descriptions of some sliells, belonging princi-

pally to the genus Chiton, observed on the coast of Argyleshirc in 1824; by

R.T. Lowe, Esq. ; with a coloured plate.— List of the British Vc.spcriil'wmda; ;

by Mr. Gray : from this it appears that there arc at least eleven sjiecies of

Bats in this country.—Dcscri()tions of some hitherto uncharactcrized Bra-

zilian Birds; bv Dr. Such : among these is a new genus of I.an'uukc dcnc-

minatcd (itiher'nctis: the species describcil, G. Cunnbighaim, is figured.--

Analyses of Books, among which is Spix's Simiarum ci Vcspertilionum

Uraii/iemium Speciet A'oi'tr.—Zoological proceedings of Societies.—The
Sup-
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Supplementary Plates are 8 in number, and are beautifully excciittd;

Tabt). I. to 111. illustrate Mr. Vigors's account in No. IV. of the genus of Pi</-

tacida:, which he has called /V«/yfe(ci« ; Tub. IV. represents Pij//«(»« ;>j/;-

rhoptcnis, also described by that naturalist; and Tab. V. to Vlll. are

Thamiivpliili, decribed by Dr. Such.

LXII. Proceedings of Learned Societies,

ROYAL 80CIETY.

May 5.—PROFESSOR BARLOW, F.R.S., in a letter to

-*- Mr. Herschel, communicated a paper On the

magnetism imparted to iron bodies by rotation.

May 12.—A paper was read On the magnetism produced

in an iron plate by rotation ; by S. H. Christie, Esq. A.M.
F.R.S.
May 19.—A paper was read, entitled A Description of the

Transit-Instrument by Dollond, erected at the Observatory at

Cambridge ; by Robert Woodhouse, A.M. F.R.S. : and Pro-

fessor Buckland communicated a paper On the fossil elk of

Ireland; by Thomas Weaver, M.R.I. A., &c.

LINNiEAN SOCIETY.

May 3.—The President (Sir J. E. Smith) in the Chair.

—

Professor Fr. A. Bonelli, and M. Ch. Sigismund Kunth were

chosen to fill the two vacancies in the list of Foreign Mem-
bers. The remaining part of Messrs. Sheppard and Whit-

ear's paper on the Birds of Norfolk and Suffolk was read

:

it concluded with a table of the times of the migration of

various species^ as observed at several places in those counties

for a series of years. A further portion of Dr. Hamilton's

Commentary was also read.

May 24.—The Anniversary of the Linnagan Society was

held on this day at one o'clock, at the Society's house in Soho

Square, Sir J. E. Smith, President, in the Chair ; when the

following were chosen Officers for the ensuing year.

Sir James Edward Smith, M.D. F.R.S., &c. President;

Edward Forster, Esq. F.R.S. &c. Treasurer

;

James E. Bicheno, Esq. Secretary

;

Richard Taylor, Esq. Assistant Secretary.

The Vice-presidents of the preceding year were re-

appointed : viz. Samuel, Lord Bishop of Carlisle, LL.D
V.P.R.S. F.A.S.; A.B. Lambert, Esq. F.R.S. A.S. and H.S.;

Wm. Geo. Maton, M.D. F.R.S. and A.S. Edward, Lord
Stanley, M.P. F.H.S.;
The following gentlemen were appointed to fill up the va-

cancies in the Council :—James E. Bicheno, Esq. ; Edward
Home,
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Home, Esq.; Charles KonigEsq. ; Rev. Thomas Rackett;

James F. Stephens, Esq.

The anniversary dinner of the Society at the Freemasons'

Tavern was well attended. The presence of Sir J. E. Smith
in improved health added much to the enjoyment of the day.

Among those who addressed the meeting on subjects interest-

ing to the lovers of Natural History, were the venerable

bishop of Carlisle; Lord Stanley; T. A. Knight, Esq., Presi-

dent of the Horticultural Society ; the Rev. Professor Buck-
land, President of the Geological Society ; and the Rev. Dr.
Fleming. Numerous expressions of respect and cordial

esteem towards A. MacLeay, Esq., who has for many years

most ably filled the office of Secretary, were called forth on
the occasion of his quitting England for a time, to fill the im-

portant office of Colonial Secretary in New South Wales.

ASTnONOMICAL SOCIETY.

May 153.—The reading of Mr. Henry Atkinson's elaborate

communication on the subject of Refraction was concluded.

In the coui'se of this paper the author has collected and ar-

ranged a great variety of meteorological observations, made in

different seasons, and at different parts of the world, for the

purpose of enabling him to ascertain the mean temperature at

the equator and in different latitudes, as well as the law of

variation in the temperature of the air at different heights

above the level of the sea. From these data he has deduced
formulae, by tlie use of which the computed and observed mean
temperatures in any given place, or at any given height, ap-

pear to agree in a remarkable manner. His next inquiry is,

to ascertain the law by which the height and the elasticity of

the air is connected ; and also the relation between the elasti-

city and density at any given height. These inquiries are

guided by observations and experiments that have been made
and pubhshed by men of eminence in this department of

science. The reasoning and deductions are founded on ac-

knowledged facts; and hypothesis furnishes no part of the data

from which the tables, founded on these investigations, are

computed. Astronomical observations supply no portion of the

materials which form the basis of the computations, but all

the results are obtained by formulae depending on optical j)rin-

ciples; so that the near agreement of the quantities contained

in these Uibles (when properly collected) with those given by
the most approved modern tables of refraction }iroves that the

various formuUe by which these quantities were obtained are

founded in nature, as well as happily applied. The atmo-

sphere is divided into a variety of strata, and each stratum has

its appropriate lurniula lt)r determining its share of mean re-

fraction
;
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fraction; and when the different jiortions belonging to the

different strata are put together in succession, they constitute

such an arrangement of quantities as proceed by a regular

gradation, or very nearly so; and nothing but a close exami-

nation of the difterences can detect that the whole succession

has not depended on one continued formula. Besides the at-

mospheric refractions adapted as corrections for celestial ob-

servations, the author has applied one of his formulae success-

fully to determine the terrestrial refraction as it has reference

to two objects standing in different elevations : so that whether

this memoir be considered as a meteorological, geodetical, or

astronomical communication, it cannot but be regarded as co-

pious, elaborate, and interesting.

There vvas also laid before the meeting an account of ob-

servations made at Paramatta, in New South Wales, by Major-

Gen. Sir Thomas Brisbane, K.C.B. Governor, &c.; communi-

cated in a letter to Francis Baily, Esq. President of this So-

ciety. These refer to the solar eclipse on January 1, 182^;

to several occultations of fixed stars by the Moon ; to stars

observed with the Moon near her parallel ; to observations

before and after the superior conjunction of Venus with the

Sun, July and August 1824; to observations on the planet

Uranus near the opposition in July 1824; and to observations

on two comets, one of which was not observed in Europe.

Next there was read a report On the properties and powers

of an altitude and azimuth circle constructed by Edward
Trouo-hton, and divided by T. Jones ; drawn up by the Rev.

W. Pearson, LL.D. F.R.S. and Treasurer to this Society.

The peculiarities of the construction of this fine instrument

cannot be adequately described in an abstract. But some

estimate may be observed of its accuracy from stating, that by

comparing the mean latitude of South Kibworth rectory (Lei-

cestershire) with each and all of sixteeii separate determina-

tions, it does not differ more than one second and one-tenth

from the extreme latitude ; that the true obliquity ofthe ecliptic

at the December solstice 1 824, as determined by this instru-

ment,was 23° 27' 44",01 ; whild the mean of the determinations

of Delambre, Brinkley, and Bessel is 23° 27' 44",55. Ob-
servations on the pole-star, and another determination of the

obliquity of the ecliptic, by a method suggested by Dr. Brink-

ley, serve still further to confirm the character of the instru-

ment for accuracy, and the value of such an instrument when

used by a skilful, scientific, and experienced observer.

The reading was commenced of a paper On the construc-

tion and use of some new tables for determining the apparent

place of about 3000 principal fixed stars; drawn up, at the

request of the Council, by the President.

nOYAL
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nOYAL ACADEMY OF SCIENCES OF PARIS.

March 7.—The director-general of bridges and causeways

requested the Academy to hasten the work required of it by

government, on high-pressure steam-engines.—M. Ferrand

presented a new drawing of his marine lever.—M. de Lacepede

made a verbal report on M. Virey's History ofthe Human Race.

—M. Mathieu, in the name of a commission, read a report on

the Panorograph of M. Puissant.—M. Arago exhibited to

the Academy an apparatus, showing in a new form the action

which magnetized and non-magnetized bodies mutually exert

on each other. In his first experiments, M. Arago proved

that a plate of copper, or of any other solid or liquid substance,

placed under a magnetic needle, exerts on it an action which

immediately affects the amplitude of its oscillations, without

sensibly altering their duration. The phaenomenon to which

he now directed the attention of the Academy may be regarded

as the converse of the preceding. As a needle in motion is

stopped by a plate of copper, &c. at rest, M. Arago conceived

that a needle at rest would be moved by the plate when in mo-

tion. If a plate of copper, in fact, be made to revolve with

any determinate velocity beneath a magnetized needle con-

tained in a vessel perfectly closed, the needle will no longer

take its usual position : it stops without the magnetic meridian,

and so much the further from that plane as the rotation of the

plate is more rapid. If the rotary motion be sufficiently ra-

pid, the needle turns continually round the wire on which it is

suspended, whatever be its distance from the revolving disc.

LXIII. Intelligence and Miscellanemis Articles.

COLLECTION OF SHELLS.

IN consequence of Mr. Swainson's going abroad, he has re-

quested us to make known his desire ofparting with his entire

collection of shells,—It is not our intention to speak of the

scientific interest that it is known to possess, having been

formed by its possessor for the express purpose of writing a

general history of testaceous animals. It contains but tew

of those well known, but costly shells, which are usually seen

in other cabinets, neither is it rich in British Testacea; but

the number of species from all other parts of the work! is im-

mense; and in this resi)ect the collection may vie with any

now is this country. Their number, or even that ()t the spe-

cimens, has never been ascertained ; but some idea of both may

be formed, when it is staled that the collection occupies about

eight v good-sized drawers.

\'(Il. fj.i. No. ;i'2r). .%// 182r>. 'H) falling
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FALLING STAR SEEN AT MID-DAY.
« On the 13th of August 1823, at a quarter past eleven in

the forenoon, as I was employed in measuring the zenith dis-

tances of the pole-star to determine the latitude, a luminous

body passed over the field of the universal instrument teles-

cope, the light of which was somewhat greater than that of

the pole-star. Its apparent motion was from below upwai'ds

;

but as the telescope shows images in an inverted position, its

real motion, like that of every falling body, was from above

downwards.
It passed over the telescope in the space of a second, or a

second and a half, and its motion was neither perfectly equal

nor rectilinear, but resembled very much the unequal and

somewhat serpentine motion of an ascending rocket, trom the

unequal burning of the charge, and the irregular re-action ot

the stream of air issuing from it on the atmospheric air. It

was thus evident that this meteor moved in our atmosphere,

but it must have been at a considerable height, since its angular

motion was so slow. This is perhaps the only instance in

which a shooting-star has been seen at mid-day in clear sun-

shine."

—

Hansteen. \_Edin. Phil. Journ.^

LENGTH OF THE PENDULUM UNDER THE EQUATOR.

The expedition to the equator (for the purpose of de-

termining this important problem) was set on foot by Mr.
Goldingham, under the encouragement of Sir Thomas Munro
and Sir Stamford Raffles, in 1821. In 1822 the party under

Capt. Crisp arrived at Bencoolen; and after some time occu-

pied in searching for an eligible spot, stationed themselves on

a small island named Gaunsah Lout, in January 1823. The
latitude of the island was 0° 1' 48"78. The observations and
the experiments were continued till the end of March, and
were very numerous and laborious. The details form the

bulk of the report, a folio of 268 pages, including, however,

a series of observations to determine the geographical position

of a number of places in the vicinity ;—the result, affecting the

main object of the expedition, giving the length of the pen-

dulum at Gaunsah Lout, was inches 39*02125994.

—

Asiatic

Journ.

INTERESTING VOYAGE OF DISCOVERY.

On Thursday his majesty's ship Blossom, Capt. F. W.
Beechey, sailed from Portsmouth upon her interesting voyage
of discovery and survey in the Pacific, previously touching at

Rio Janeii'o, to land dispatches for his excellency Sir Charles

Stuart. After visiting Pitcairn Island, Otaheite, Easter and
Friendly
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Friendly Islands, and settling indisputably the position of all

fhe islands with which that neighbourhood fbounds we unde -

stand the Blossom is to proceed to Bheruig s Strm ,
and li the

season admit of it, to proceed round Icy Cape (wh.ch^as not

been effected since Capt. Cook's discovery of it) along the

S^efn shore ofAmeJica towards Hecla and fg
^t- >r

the purpose of falling in with Capt. Frank in or Capt Pan .>,

and if Capt. Beechey find the sea open, it is most likely he

wU not oiiit so fortui'ate an opportunity of acconiphshing his

desirable obiect. We understand also, that the Blossom is to

compt;ed.e' survey of the coast of America m such l-ts
^,^^^^

Bhering's Strait as are imperfectly known; and « ^ ^lavm^

rendered Capt. Franklin the assistance he may requne, she is

o m ocee^ entirelv upon discovery, directing [-^ route for such

purpose towards Ihose parts of the Pacific which are the least

KTor frequented. She is furnished with a 1-8- -PPV^^^^

presents, for the purpose of bartering with the ishmdeis, and

C on board ahindsome present for the ^-S « O^^^^^al^
the king of the Sandwich Islands TheLords ot tl"^ AdmiraUy

have appointed Mr. Tradescant Lay to be "-^urah to the ex

pedition ; and we look for the most
^"^-[.^f

"^S
^f f^^' 7,*!

several purposes intended to be accomplished by it. 1 he sur

ve'ng rd opening a communication with the FnendlyM
may eventually prove of considerable importance. Upva^ds

of 12 000 acres of land have been some time inclosed and put

rnticuTvadc^rofcotton ; the samples of which a- F-ou-ed

inferior only to the Sea Island cotton, and mucn superior to

Egyptian.—iWorw. Chron. May 24'.

EARTHQUAKE IN ICELAND.
'

Accounts from Iceland to the -^^^i^ff^"t^ntemembS'
hive hid a lono- and severe winter, which began in September.

At he begi ming of January there were dreadful hm-ricanes

which wei-e followed by inundations m ^^ra par s ot the

islmd Several shocks of an earthquake were also telt n

Norda- Gossel ; and on the 20th of January, a very smart one

"
Ihhlsltut the same time that Santa Maura, in the Ionian

Islands, was destroyed by an earthquake.

Many travellers and shepherds P^^'^^^^^^' J,r;, ^'l^^e^;^^^^^

which fell during the violent storms in Nordei land. Lopen

hagen, April 21.
~

MEXICO.
. , ri-v r"^,,!

Accounts have been received of the safe arrival ofDr.Cou -

ter It t^e leal del Monte mines. We may expect trom his

'"l and ability important^adclitions to our knowledge^of Ae



396 Analysis of Tartarized Anttmonij.

Natural History of Mexico. Tlie affairs ol' the mines wear a
very favourable appearance.

TARTARIZED ANTIMONY.
We extract the following instructive analysis of tartarized

antimony, by Mr. R. Phillips, from the Annals of Philosophy.
A. 100 grains of brilliant small crystals of tartarized anti-

mony reduced to powder were heated during eight hours at

the temperature of 212° ; they lost only 2'1 grains ; but as bi-

tartrate of potash retains the water of crystallization when ex-
posed to a much greater heat, I subjected 100 grains of tarta-

rized antimony reduced to powder to a higher temperature.
Taking the mean of several experiments, I found that the salt

lost 7*38 per cent, by several hours' exposure to a sand heat.

When one portion, which had lost 7"1< per cent, in this way,
was heated by a spirit-lamp, so as to suffer a further diminu-
tion of 0*4, it was decomposed, and becoming of a brown co-
lour, it emitted the smell of decomposing tartaric acid. I con-
sider, therefore, 7*4 per cent, as the quantity of water.

B. I attempted to ascertain the quantity of oxide of anti-

mony in two different modes. First, 1 decomposed a solution of
100 grains of the crystals by caibonate of soda, assisted with
heat; the mean of two experiments gave 4 1 '35 per cent.; but
the alkalies being imperfect precipitants of antimony, I treated

the solution afterwards w^ith sulphuretted hydrogen, which
gave a mean of 2*8 of precipitate dried at a moderate tempe-
rature, and which I conceived to be hydrosulphuret of anti-

mony composed of 1 atom of sulphuretted hydrogen 17 + 1

atom protoxide of antimony 52 = 69 ; if then 69 contain 52
of oxide 2-8 = 2-11, which, added to 41-35, gives 43*46 as
the quantity contained in 100 parts of the salt.

C. After this, and in order to confirm the above statement,

I treated two solutions, each of 100 grains, of tartarized anti-

mony with sulphuretted hydrogen gas ; the precipitates after

being dried on a sand heat gave a mean of 51*25 grains. Now,
if we admit, as above supposed, that this precipitate is hydro-
sulphuret of antimony, and of which it possesses the appear-
ance, tartarized antimony contains only 38*6 instead of 43*46
of protoxide of antimony as by Experiment B, for 69 : 52 ::

51*25 : 38*6. It may be further observed that the quantity of
precipitate obtained in C, as well as the inference as to the
quantity of oxide which it contains, agree very nearly with the
previous determinations of Thenard.

These discordant results, repeatedly obtained, puzzled me
exceedingly, and I adopted two modes of determining the
qui^ntity of oxide existing in the dried hydrosulphuret.

D. Idis-
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D. I dissolved ^5'6 grains of protoxide of antimony in a so-
lution of bitartrate of potash, and then precipitated it by sul-

phuretted hydrogen : after washing and drying in the same
mode as before, the precipitate weighed 52-8 grains ; and, as
it had the appearance of being an hydrosulphuret of antimonj',
I suspected that it was subhydrosulphuret consisting of 1 atom
of sulphuretted hydrogen, and 2 atoms of oxide of antimony,
on which supposition I ought to have obtained 53-05 of preci-
pitate instead of 52-8 ; and it will be observed that supposing
this to be the true constitution of this substance, the results of
B will agree with those of C as nearly as 43*46 to 44-04, for
subhydrosulphuret of antimony must consist of 52 x 2 + 17
= 121, and 121 : 104 :: 51-25 : 44-04.

E. Further to examine this view of the subject, I dissolved
100 grains of sulphuret of antimony and 100 grains of the pre-
cipitate in question in separate and equal quantities of muriatic
acid, and decomposed the solutions with similar portions of
water; the precipitate from the sulphuret weighed 86-7 grains,
and that from the hydrosulphuret 87 grains ; and as in 1 atom
of subhydrosulphuret, 17 of sulphuretted hydrogen, and 16 of
oxygen = 33, would supply the place of 2 atoms of sulphur
= 3'2 in 2 atoms of sulphuret of antimony, it is evident that
equal weights of these compounds should yield nearly equal
quantities of precipitate by solution in muriatic acid and the
affusion of water.

F. The nature of this precipitate was then examined by heat-
ing 50 grains in a small flask by a spirit-lamp, and I found to

my surprise, that it was readily converted into black sulphuret
of antimony, losing only 1-2 grain of water. It appears, there-
fore, that instead of a subhydrosulphuret as I had suspected,
the precipitate was sulphuret, containing a small quantity of
hydrosulphuret, but yet sufficient to give so much colour as to

conceal the nature of the sulphuret. The difficulty of the case
was increased by the fact already alluded to, viz. that 2 atoms
of oxygen and 1 atom of sulphuretted hydrogen are so nearly
equal in weight.

G. As then 50 of the precipitate contain 48-8 of sulphuret
of antimony, 51-25 the whole quantity obtained, C must con-
tain 50-02 = 43-35 of protoxide of antimony, which is the
(juantity contained in 100 grains of crystallized emetic tartar.

We have tluis obtained 7-4 as the quantity of water, and
43*35 as the weight of the protoxide of antimony ; and having
found, as already mentioned, that crystals of tartarized anti-

mony are obtained even from the last portions of the solution

in preparing the salt, the remainder of 49-25 will give the

weight
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weight of the bitartrate of potash in 100 parts, or it consists of

Bitartrate of potasli (anhj'drous) 49*25

Protoxide of antimony 43'35

Water 7-40

100-00

Calculating its constitution, according to the weight of the

atoms already mentioned, tartarized antimony will appear to

be a compound of
In 100 parts.

1 atom of bitartrate of potash 180 49*58

3 atoms of protoxide of antimony (52 x 3) ... 156 42*97

3 atoms of water (9 x 3) 27 7*45

363 T00*00
POWDER FOE MAKING BEER.

A German chemist has invented a dry mass or powder for

making ale, extracted from a vegetable, which is very cheap

and to be had everywhere, and by which can be produced a

wholesome and agreeable ale or small beer of any degree of

strength, of the best and purest quality, without adding

anything but the proper quantity of water, at every season, in

greater or less proportions, and at a very cheap rate.

To the Editor of the Philosophical Magazine and. Jonrnal.

Dear Sir,

I beg to acknowledge my obligation to Mr. Stockton, for his

readiness in fornishing you with the annual depth of rain at

New Malton since the year 1816, and by that means correct-

ing my statement in page 237, in which I had only given the

mean annual depth for the last three years, as he supposes, not

having had by me your Magazine for a longer period. I am
glad to find by Mr. Stockton's complimentary remark, that the

diminution of the mean depth for a longer series of years does

not lessen the value of my article. I am, yours, &c.

Gosport, May 25th. 1825. William Burney.

LIST OF NEW PATENTS.

To Angustin Louis Hiinout, of Brewer-street, Golden-square, for cer-

tain improveuients, communicated from abroad, in artillery, n)usketry, and
Other tire-arnii.—Dated 23d April 1825.—6 months to enrol specification.

To Thomas Alexander Roberts, of Monford-place, Kennington Green,

Surry, for a method of preserving potatoc;; and other vegetables.—23d
April.—6 months.

To Samuel Ryder, of No. 40, Gower-placc, Euston-square, coach-maker,

for an improvement in carriages by affixing thcpole to the carriage by a new
invented apparatus.—28th April.—2 months.

To Daniel Dunn, of King's-row, Pentonville, Middlesex, manufacturer

of essence of coffee and spices, for his apparatus for separating the infusion

of tea or coffee Worn its grounds or dregs.—30th April.—6 months.
To
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To William Davis, engineer, of Leeds, and of Gloucestershire, for his

improvements in machinery for reducing wool into slivers or threads of any
desired length, unlike worsted, namely, presenting more numerous hair

points projecting from the surface of the slivers or threads.—7th May.

—

6 months.
To Thomas Hill the younger, of Ashton-under-Line, Lancashire, land-

surveyor and engineer, for improvements in the construction of railways,

and tram roads, and in carriages to be used thereon and on other roads.
— 10th May.—6 months.
To Edward EUiss, of Crexton, near Rochester, lime-merchant, for his

improved brick, orsnbstitute for brick, manufactured from a material hitherto

unused for or in the making of bricks.— 14th May.— 6 months.
To Samuel Pratt, of New Bond-street, Middlesex, camp-equipage manu-

facturer, for a manner of combining wood and metal, so as to form rails or

rods adapted to the manufacture of bedsteads, cornices, and other works
where strength and lightness are desirable, which he denominates Union or

compound rods.—14th May.— 6 months.
To John C.C. Raddatz, of Salisbury-square, Fleet-street, in consequence

of a communication made to him by Ernst Alban, of Rostock, M.D., for

improvements in steam-engines.—14th May.—6 months.

To Jean Francois Gravier, of Cannon-street, London, for a method, com-
municated from abroad, of regulating the emission or flow of gas from por-

table reservoirs, and increasing the security of such reservoirs.— 14th May.
— 6 months.

To Thomas Dyke, of Broadway, near Ilminster, Somersetshire, dissenting

minister, for an apparatus to prevent the overturning or falling of carriages

—14th May.— 2 months.
To Alexander Galloway, of West-street, London, engineer, for a machine

'

for the forming and moulding of bricks and other bodies usually made from

clay, plastic, or any of the usual materials.—14th May.—6 months.

To William Grimble, of Cowcross-street, Middlesex, for improvements

in apparatus for distilling spirituous liquors.— 14th May.—6 months.

To Edward Garsed, of Leeds, flax-spinner, for improvements in machinery

for hacking, combing, or dressing flax, hemp, and other fibrous materials.

—

14th May.—6 months.

To Henry Oswald Weatherky, of Queen Ann-street, Mary-le-bone,

Middlesex, for his apparatus or machinery for splitting, cutting, or cleaving

of wood, and forming and securing the same in bundles. — 14th May.

—

6 months.

To Goldsworthy Gurney, of Argyle-street, Hanover-squai-e, Middlesex,

surgeon, for his apparatus for propelling carriages on common roads, or on
railways 14th May.— fi months.

To John Young, of Wolverhampton, cooper, for his improvements in

the construction of locks for doors and other purposes.— 14th May.

—

6 months.
To James Fox, of Plynioutli, rectifying distiller, for an improved safe to

be used in the distillation of ardent spirits.— 14th May.

—

2 months.

To Charles Macintosh, of Crossbasket, in the county of Lanark, esq., for

a new process for making steel.— Hth May.—6 months.

To John Badams, of Ashted, near Birmingham, chemist, for a new me-

thod of extracting certain metals from their ores and jjurifying certain

metals.— Kith May.— fi months.

To Isaac Rcviere, of ;n5, Oxford-street, Middlesex, gun-maker, for an

improved construction, arrangement, aiul simidification of the machinery

by which guns, pistols, and other fire-arms are discharged.—;20th May.

—

6 months,

A METEORO-
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LXIV. On the largest Mass of Meteoric Iron which has yet

been discovered in Europe. By Dr. J. Nceggerath, and

Dr. G. BiscHOF, of Bonn.*

R. NCEGGERx\TH, on his former travels in tlie Eifel,

had been informed from various quarters, that in the

neighbourhood of Bitburg, and close to the mill of Albach,

there lay a mass of solid and perfectly malleable iron of se-

veral thousand pounds weight ; but that it was not known how
it came there. In the course of his travels, however, he never

passed this spot. During the visit of Dr. Chladni at Bonii,

in the year 1817, this subject was again brought under consi-

deration ; and as it was thought deserving of further inquir}',

application was made to the Royal Provincial Counsellor

M. Simonis, for information respecting it. That gentleman

returned the following answer, dated from Bitburg, the 19th

December 1817:
" About ten years ago a miller at Albach, when widening a

road, discovered a square mass of iron weighing 3300 pounds,

which was afterwards sold to a smelter for 1 6 crowns and a half.

Before its removal, an engineer in the French service came from

Luxenburg to examine it. I accompanied him to the spot,

and we struck off' several pieces with a hammer, which the

engineer took with him. The iron was by no means brittle,

but could only be separated from the mass in thin flakes.

On examining the vicinity, I found that the arable fields,

to the extent of several acres, were covered with iron slag,

which convinced me that in former times a smelting furnace

must have been worked near this spot ; and that the mass of iron

above mentioned must have had its origin from that circum-

stance. As no running water is to be found on the hill, the

furnace nnisti)ave been worked bv wind, or by horses, or men."

Chladni, in conseriuencc of these notices, was led to class

tliis mass among the problematical meteoric irons. {Jlde his

Treatise on Fire-balls, &c. Vienna, 1819, p. 353.) But as

* From Scliweiggcr's Joitntnl, N. R. Band xiii. p. 1.

\'u\. r,r>. No. '.i2r,. Jnnr 1825. '.i E M. Sinionis's
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M. Simonis's account did not favour the idea, no further atten-

tion was paid to the subject, until Chladni published the fol-

lowing remarks in Gilbert's Annals, 1821, part viii. p. 342.

" The mass of solid iron discovered near Bitburg (and of

which I was informed by Professor Noeggerath, ) is undoubtedly

of meteoric origin ; for it appears from the American Minera-

logical Journal, vol, i. No. 4, p. 219, that Colonel Gibbs (the

same officer who took some pieces with him,) found them to

contain nickel. According to his statement the mass was mal-

leable, and weighed 2300 pounds. It was round, in consequence

of the peasants having struck pieces off. Some parts were

semi-hard, others gave fire with steel. The whole mass agreed

with those found in Louisiana with regard to compactness

and colour, its less oxidability than common iron, its propor-

tion of nickel, its toughness, and its isolated appearance.
" The American Journal could not be obtained here for

further reference."

After the appearance of this notice, every exertion was made
to learn what had been done with the above mass ; and it was

at length discovered that it had been smelted at a furnace in

the district of Schiindorf; and subsequently, in 1824, Dr. Noeg-

gerath, in company with M. Von Westphalen, proceeded to

ihe place where the iron had been found ; and received an

account from the persons residing near the spot, agreeing in

substance with the above.

They then visited M. Mliller, the owner of the iron-works

where the mass had been smelted, and obtained the following

information. "About ten years since," that gentleman stated, " I

heard that a large piece of iron had been found near Bitburg,

and that the proprietor of the soil was willing to dispose of it.

I therefore sent for samples, which appeared to me to be iron

in almost a pure state ; and I accordingly bought the wliole at

three francs percwt. (being 33 or 34 cwt.), and was at a great

expense to bring it to the forge. It was not of any decided

form, but quite compact, without any apparent admixture of

extraneous substances, and seemed as if it had been melted

together; it was almost malleable, and fragments could be

struck from it but with difficulty. It had the appearance of

smelted ore, which on successive casting presents a knotted

and wavy surface; in short, it seemed to have been formed by
the melted metal being poured out. The whole piece was

smelted with immense labour, for the purpose of forming-

smaller ones; but when the latter were brought under the

hammer, they flew into small pieces, and could not possibly be

brought to weld." It was therefore of no service ; and M. Miil-

ler, to prevent its substitution for pure metal, ordered it to be

buried
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buried among the rubbish. The workmen having pointed out
the spot, several pieces were dug up, and identified beyond
the possibihty of doubt. These pieces were forwarded by
Dr. Noeggerath to Bonn, and Dr. Bischof undertook to ana-
lyse them. Specimens were also sent to the Royal Mining
Department at Berlin, to M. Karsten, of the same place ; to

Pi'ofessor Hausmann, in Gottingen ; to Pi'ofessor Von Leon-
hard, at Heidelberg ; to Dr. Chladni and M. Bergemann,,
in Berlin. Though unable to present an analysis of the ori-

ginal mass, it will be interesting to the scientific reader to ob-
tain a correct description and analysis of this substance after

being smelted as above mentioned.

Tlie pieces were from six to eighteen inches in diameter,

with a thickness of from one-third to two inches of the real

metallic mass. The lower side exhibited evident traces of
having been cast on the floor of the forge, fine sand and frag-

ments of stone and coals adhering to it : the upper surface in

most of the pieces was covered with a coat of slag about one
inch thick. The colour of the fracture is light steel-gray, ap-
proaching to that of white tin, or similar to the appearance
which white crude iron fi'equently presents. When polished,

the colour is nearer that of steel than of iron. The fracture

has a metallic lustre; but on account of the peculiar texture

it is not equal, and in some parts is merely glimmering. The
fracture is also uneven, of a fine grain, which is looser and
less compact than in steel.

In the mass which we are describing there were no veins.

In regard to the air-bubbles which appear in the mass, some
difference is observable in the different pieces. Some may be
called spongy ; and throughout the whole of the metal, larger

or smaller, irregular, but generally elongated bubbles are dis-

seminated.

In other pieces, which are on the whole more compact,
these bubbles run through the whole mass, almost in the form
of tubes; but they appear invariably in rectangles on the

larger sides of the pieces ; so that when they are polished on
these sides they are covered with roundish pores, which are

sections of these tubular bubbles. Pieces of both kinds filed

smooth and polished, and then repeatedly treated with nitric

acid, showed no traces of latent regularity of textui-e, or of

the so-called Widmannst'adt figures, as is observed in all solid

masses of meteoric iron when they have not been subjected to

a subsequent ciiange like that under consideration.

In regard to hardness, this mass was exactly c(jual to the

gray granular crude iron produced from the brown iron ore

which is used in the royal foundry at Sayn, near Neuwied,
;} E 2

*

for
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for musket-barrels ; the one cannot be scratched by the other.

However, white crude steel-iron from the royal foundry at

Hamm, near Altenkirchen, was found to scratch the metallic

meteoric mass.

This iron is not very tough. Pretty large flakes maybe struck

into several pieces by a few strokes of a moderately sized

hammer
;
yet the mass is in some degree ductile, and may be

easily filed. At a red and at a white heat it was found to be

very brittle, as was the case when worked in its original state

at the foundry of Pluwig. A moderate stroke of the hammer
on a glowing piece immediately scatters it into innumerable

sparkling small fragments, part of them in the form of dust.

The specific gravity of apiece of this kind, which was most

compact and rather sparingly interspersed with the above-

mentioned tubular bubbles, was 6"859 at 61° Fahrenheit.

The metallic mass is apparently attracted as powerfully by
the magnet as common iron ; but of polarity there were no
signs whatever.

On boring the masses a smell of sulphuretted hydrogen was
perceived ; this was particularly the case when the masses were

first dug up and their pores filled with moisture. In this lat-

ter state, even the fresh-fractured surfaces showed a strong

tendency to oxidation, since in a few hours afterwards they

were covered with separate spots of a green colour, and at last

presented one entire coat of rust.

The slag or scoria is of a grayish-black colour, the fracture

glistening, of a small and uneven grain, filled more or less with

roundish bubbles, the largest being three-fourths of an inch in

length, covered here and there with small fine iron-black cry-

stals with metallic lustre, which are mostly indistinct, with

rounded surfaces, sides and angles; but triangular faces may
still frequently be discerned, which in their combination seem

to point to an octahedral form, and on the whole exhibit a

great similarity to magnetic iron ore. The mass of the slag

scratches glass, and is attracted by the magnet.

It would answer no useful purpose to subject the meteoric

substance to a quantitative analysis, since it must have under-

gone a change in the proportions of its constituent parts in

the process through which it passed in the foundry ; especially

as a great quantity of slag was separated from it by that ope-

ration : but should any fragments of the original substance be
found, (as we have I'eason to hope,) we might then have it in

our power to publish an analysis stating the quantity ot its

component parts. Experiments were therefore instituted to

discover those sul)stances which have been Ibund in meteoric

iron.

I. yhiafi/sis
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I. Analysis of the Iron.

1

.

A fragment of the iron, being well cleansed from the

scoria, was treated with nitro-muriatic acid. The decomposi-

tion took place very rapidly ; and in a short time the greatest

part of the iron was dissolved, whilst a delicate gray powder
was separated from it.

2. A jiortion of the filtered light-brown solution was satu-

rated with caustic ammonia, and the fluid filtered off": it had
then a clear bright-blue colour, without the least shade of

violet *.

3. A portion of this blue solution being decomposed by
muriatic acid, gave a dirty yellow precipitate, with the addition

of ferro-prussiate of potash, which proves the existence of

nickel in it. Another portion was saturated with sulphuric

acid, and a stream of sulphuretted hydrogen gas passed

through it. After some time a precipitate was formed of a

brown colour, and of the appearance of dust ; but in such

small quantities that it could not be taken from the filter

;

and it was therefore impossible to examine it more closely, or

to discover what metal it contained. I shall, however, make
an attejnpt to procure it in greater quantity.

4. The greatest part of this blue solution was evaporated

to dryness. There remained an apple-green salt, which being

heated in a platinum crucible until the sal ammoniac was vo-

latilized, left a bright-brown powder, which underwent no
change 7;(7;- se before the blowpipe. With borax added to a

considerable quantity of it, it first presented the dark-brown
bubble, or pearl, described by Berzelius, which on cooling

assumed a reddish colour: but on a continued exposure to

the flame, although the changes took place which Berzelius

describes, yet no signs or traces were visible of a colour indi-

cating col)alt. The absence of the latter was further evinced

by moistening jiapcr with a muriatic solution of this powder,

and then warming it.

5. The gray powder which had not been dissolved by the

nitro-muriatic acid was washed and dried ; and a part of it

being heated in a platinum crucible, sulphur was disengaged

and volatilized. The residuum on cooling was quite black,

and dissolved entirely in hot muriatic acid. This solution

contained notliing but iron ; for when decomposed by am-

• This test, employed by Klaprotli, although found by subsequent expeii-

incnts to be unsatisfactory (or the [jiirposc of scparatin*; nickel from iron,

was nevertheless made nse of hero ; l)ecause it was onl) inli iided to pre-

sent a (jtiuiitalivo analysis, or, in oilier words, to disco\ er tlu' coii^litncnt

parts, \Mthoiit reference to llieir profiortional (|iiantities.
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tnonia a colourless fluid remained, which on drying left nothing

but clear sal ammoniac. The remainder of the powder which
was not ignited, was dissolved in nitro-)iiuriatic acid with the

aid of heat, when flakes of sulphur were se}iarated from it. A
precipitate of graphite could not be discovered,—a proof of the

absence ofcarbon. That a portion of the sulphur was oxidized

b}' the nitro-niuriatic acid, was shown by testing the first solu-

tion with muriate of barytes.

6. Although the quantitative definition of the proportion of

sulphur is of no particular consequence, for the reasons above

specified, yet it appeared of some interest to us not to over-

look this particular altogether. For this purpose, 100 grains

of the iron were submitted to the action of boiling nitro-mu-

riatic acid : but a perfect solution was not attainable, an earthy

powder being separated, weighing 1*80 grains, and in which
were contained O'^? grains of sulphur.

It is beyond a doubt that this earthy part proceeded from

some slag which had not been driven off", but still remained in

the iron, in the pores before alluded to ; for the former piece, to

which the acid was gi'adually added, left no earthy sediment.

This was, however, of a close texture ; whereas the piece on
which the last experin)ent was tiied was very spongy, and
plainly showed the scoria, with which many of the pores were
filled up. On this account the earthy residuum was not ana-

lysed.

From the solution thus obtained the sulphuric acid was
precipitated by muriate of barytes. The sulphate of barytes,

washed and dried, weighed 18'60 grains, in which the propor-

tion of sulphur is 2*57 grains. Add to this the above 0'47

grains, and the total is .'i'04 per cent.

7. It now remained to ascertain the existence of chrome,
which John discovei"ed in several meteoric irons *. For this

purpose, the above precipitate of oxide of iron obtained by
ammonia was washed, till no more re-action on muriate of am-
monia was observable in the water, then mixed in a porcelain

cup with a sufficient proportion of nitre, and heated till the

latter was dissolved. The aqueous solution of the mass neu-
tralized by means of nitric acid had not a yellow colour,

and no orange-yellow precipitate was occasioned by adding
proto-nitrate of mercury. Another quantity of the oxide of

iron, heated in a platinum crucible with carbonate of soda,

gave as little indication of the presence of chromic acid. This
mass of meteoric iron, therefore, contains no chrome. As
the aqueous solution had not a green tinge, but was quite co-

• See liis Cliciiilachr Sc/nif/cii, liook vi. p. 2d2.

lourless,
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lourless, this seemed to indicate that the precipitate of iron

contained no manganese. Tlie following experiment, how-

ever, was made, for greater certainty.

8. A third quantity of the well-washed oxide of iron was

dissolved in muriatic acid, and after proper neutralization with

ammonia was precipitated by means of succinate of soda ; but

the fluid decanted from the precipitate showed no manganese.

It is to be observed, that a part of the fluid evaporated to

dryness left an entirely white mass of salt, which was found to

be common salt with the excess of succinate of soda. In this

residuum there was no trace of nickel ; which is the more re-

markable, as several of our most distinguished analysts have

found that the oxide of nickel precipitated at the same time

with oxide of iron by the ammonia, cannot be entirely ex-

tracted from the precipitating medium, although the latter be

added in ever such abundance. In conformity to this, we

might have expected to find oxide of nickel in the oxide of

iron employed for the above experiment ; but it was not the

case.

II. Analysis of the Scoria.

The scoria, reduced to a fine powder in the steel mortar, was

dissolved in hot nitro-muriatic acid, leaving an earthy powder,

which it could answer no purpose to examine. This solution

showed scarcely a trace of nickel ; so that during the smelting

of the iron mass, the iron only, and not the nickel, had been

converted into scoria. A part of the sulphur, however, en-

tered the scoria; for muriate of barytes produced a precipitate

in the solution. The oxide of iron precipitated by ammonia,

being well washed, was examined in the above manner for

chrome but not a trace of it was to be detected; which shows

that chrome had not passed over to the scoria during the

smelting, as might have been expected.

The result, therefore, of these experiments is, that the iron

mass consisted of iron, nickel, and S-Ot per cent of sulphur;

and that the scoria contained iron with an almost impercepti-

ble trace of nickel and sulphur: the earthy parts are to be

considered as accidental. These facts give rise to the follow-

ing remarks

:

1. All the accounts respecting the appearance, former shape,

and other mineralogical peculiarities of this mass, agree in

favouring the opinion that it is of meteoric origin.

C?. The proportion of nickel lound in it by chemical analysis

is the more corroborative of this opijiion, as nickel is found

in all meteoric iron, but has not been met with in any earthy

mineral substances : besides this, the district of IJitburg does

not aflijrd any minerals which contain nickel, , nor has it been
found
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found in any of the Prussian and Belgic provinces on the left

bank of the Rhine.

3. As no sulphur has yet been found in the solid meteoric

masses of iron in the analyses hitherto made, the proportion

of 3*04 per cent in a mass which had been smelted is the

more striking, as it must be supposed that during the latter

process some parts were volatilized and others transferred to

the scoria. We must leave it undecided, whether this pro-

portion of sulphur was combined equally with the whole mass
of metal, or appeared only as a constituent part of sulphuret

of iron, such as is found in meteoric stones, properly so called.

The latter supposition seems the most probable, and agrees

with Gibbs's account of the different degrees of hardness in

this mass, but not with M. Miiller's assertions with respect

to its homogeneity.

It must however be observed, that sufficient attention was
not paid to individual sprinklings in the mass, which might
have been found in some parts when detached and not in

others. The native iron in the form of branches, the spaces

being filled with olivine, found by Pallas in Siberia, and which
forms in some degree the transition between real meteoric

stones and solid native iron, contains in some parts sul-

phuret of iron. Laugier, on analysing it, found 5*2 per cent

of sulphur ; and subsequently John has proved by an analysis,

in conjunction with Laugier, that the malleable part of this

mass was free from sulphur ; but that the brittle parts, partly

consisting of olivine, contained sulphur, probably in the form
of finely disseminated sulphuret of iron. Now as the appear-

ance of sulphuret of iron, such as is usual in meteoric stones,

is proved in that of Pallas, which is the medium between
them and solid native iron, it need not surprise us if it be
once found in the latter.

In this supposition the iron mass in question, containing

S'Oi per cent of sulphur, would have afforded 8'16 per cent

of magnetic pyrites.

4. The great brittleness of the smelted mass could only pro-

ceed from the sulphur ; since all natural as well as artificial

combinations of iron with nickel present a tough and ductile

alloy. This also agrees with the remark of Hassenfratz,—that

iron with copper-nickel is with difficulty smelted, and cannot

be soldered at all ; it is remarkably brittle at a red heat, and in

some degree so when cold.

As copper-nickel contains mostly sulphur, independent of

arsenic, which does not render the iron brittle, the above is

easily accounted for.

5. The absence of carbon in the mass of native iron disco-

vered
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vered by Sniithson Tennant at the Cape of Good Hope, is a

further proof that the Bitburg mass was not originally pro-

duced from the furnace; the more so, since it was merely

smelted, and not actually refined.

6. In justification of the title of this memoir, we beg lea^e

to observe that the solid iron-mass found by Pa las weighed

UOO pounds ; that which fell in 1751, near Hradschina, only

71 ViLna pounds; that at Elbogen, m Bohemia, 191 pounds;

that of 1814, at Lenarto, in Hungary, 194. pounds.

It is true that the mass which is the subject ot the present

observations, although between 3300 and 3400 pounds, is

creatlv surpassed by those found in various parts ot America,

which are stated at 14,000, 30,000, and 40,000 pounds.

GiBBS on the Native Meteoric Ironfound near Bitburg. Com-

iminicated by Dr. Nceggerath.

It could not but be interesting to me to obtain a particular

account from Colonel Gibbs respecting this substance, as he

seems to have been the only scientific person who had seen

t in its original state. In the foregoing article -e wei-e no

able to insdtute a comparison betv^^en his account and oui

own but since then, I have received, through the lunchiess of

Professor Hausmann of Gottingen, a copy ot Col. Gibbs s

desc'ption inserted in the American Mineralogical Journal

conducted by Archibald Bruce, voh i. no. 4 p. ^18. Alter

some rSnarks on the meteoric iron found m Louisiana, Col.

Gibbs proceeds thus: .
• i i

"The appearance of this interesting specimen reminded me

of a mass which I met with in the year 180,5, m a mmeralo-

ccal excursion through the Ardennes in 1 ranee. It lay on

Sietay to Bitburg, in die department dcs Fa>-ets, and weighed,

^'
:Th:?!;;;rt;^4fople3cf^me that it had formerly stood on

the top of a neighbouring hill, and had been rolled down to

where it then wal Theniflficultyof breaking it for the furnace

Ins the means of preserving it, and it is probably thei-e s h

As I had fortunately taken a specimen, I analysed it, and

ft^und nickel likewise; which proved it to be native uor^

The ms had a glol>ular form, the peasants having cut off

le ech-es It wat in some places semi-hard ;
other par s gave

snarls" w th steel : it was perfectly compact, and in other le-

Eef^ similar to the iron-mass iound in Louisiana -I must

£sene" continues Col. Gibbs, " that the mass Iound in Siher a

;;S- rs in some particulars from those ol Louisiana and B.^

Vol. 6.G. No. 3i^6. June 1825. -i ^ "" b*
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burg. The two latter resemble the former in colour, and in

containing nickel ; they are in like manner tenacious, and found

in isolated masses. That of Louisiana contains a trace of car-

bon ; and to judge from the hardness of a part of the Bitburg

mass, it must have contained some carbon also, like those of

South America, and Magdeburg. Those of Mexico and Peru

are found in volcanic districts like that of Bitburg, which lies in

the region of the extinguished volcanoes of the Rhine *. The
most striking difference is, that the masses in France (alluding

to Bitburg, which then belonged to France) and Louisiana ap-

pear compact, without any thing like a glassy substance or a

cellular texture ;
yet they may have cavities within, like those

of South America, and are perhaps only compact on the sur-

face through attrition."

On the vei-y small Octahedrons in the Scoria of the Smelted Me-
teoric Iron of Bitburg. By Dr. J. N<eggerath.

Very small octahedral crystals were found in the above

scoria, and were considered by Professor Bischof and myself

as magnetic ironstone. Professor Hausmann, however, no-

ticed that these crystals were exactly similar to those which

he described in his treatise on crystallized iron scoria. [Vide

IVIoU's Journal of Mining and Smelting, vol. iii. page 39.)

M. Hausmann allows that he was at first deceived in the

nature of these crystals. " As magnetic iron constitutes a

principal part of the scoria, and the crystals of the latter are

also octahedral," observes M. Hausmann, " I considered them

as crystallized magnetic iron ore, as they had a black colour,

and 1 did not examine them very minutely."

The same causes led me into error, especially as the crystals

in the scoria of the meteoric iron are but small, and scarcely

to be distinguished but by their prominence ; and on the dark

ground of the scoria they showed no appearance of being per-

vious to the light.

The crystals are really of a vitreous nature, translucent, of

a dark-green colour, inclining to yellow, of a conchoidal frac-

ture. They scratch glass, and are not regular, but rectan-

gular octahedrons. I did not make any chemical experiments

with them, and cannot therefore decide whether they agree

with those examined by JNL Hausmann. I refer to that gen-

tleman's treatise ; and only observe that the analysis presented

oxide of iron, silica, lime, and alumina.

• This is not exactly correct. Volcanic appearances are not found

•within a considerable distance of Bitburg, which lies among secondary rocks.

New red sandstone, gj'psum and muschelkalk, are the principal strata.

Laugier'.s
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Laugier's latest Analyses of Meteorites from Polayid. Com-

municated by Dr. N(EGGERATH.

The preceding account had ah-eady been sent to press, when
I received the last number (6^ Ann, 2^ Cah.) of Memoires du

Museum d'Histoire Naturelle, in which Laugier inserts the ana-

lysis ofa meteoric mass of iron similar to that of Pallas. It also

contained sulphur. Laugier examined two varieties of this me-

teoric iron found in 1809 at Brahin, in the district of Rziezyca-

Minsk. He saj^s, that it perfectly resembles that of Siberia,

being in like manner full of cavities, which seem to be covered

with a vitreous greenish-yellow substance, which was easily

detached, and was considered to be olivine.

The variety of this iron, which he calls the blueish, was

found on analysis to contain

Pure iron 87"35

Silica 6-30

Nickel 2-50

Magnesia 2-10

Sulphur 1-85

Chrome 0-50

100-60

The white variety contained

Pure iron 91*50

Silica, somewhat tinged by iron 3*00

Nickel 1-50

Magnesia 2*00

Sulphur 1-00

99-00

Laugier also analysed the following meteoric stones from

Poland :—
1. One which fell on the 30th of June 1820 at Lixna, near

Dunabourg. Its outward appearance was like that of most

aerolites, and it contained, as many of them do, small shining

globules, which could not be pulverized, and on being sepa-

rated by a magnetic bar, composed a full fourth of the whole

mass. 100 parts of this aerolite with its shining globules con-

tained,— Oxide of iron 40*00

Silica 34-00

Magnesia 17*00

Sulphur 6-80

Alumina l'^^

Nickel 1-50

Chrome 1-00

Lime 0-50

Traces of copper and manganese
101*80

3 V 2 2. A
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2. A stone thatfell on t!ie 30th of March 1818, at Zabor/.yca,

and which, not containing globules like the foregoing, could

be easily pulverized.

Laugier found in 1 00 parts,

Oxide of iron 45*00

Silica 41-00

Magnesia 14'90

Sulphur 4-00

Lime 2-00

Nickel 1-00

Alumina 0'75

Chrome 0-75

Trace of manganese

1 09^40

LXV. On the Discovery of an almost jperfect Skeleton of the

Plesiosaurus. Bij the Rev. W. D. Conybeare, F.R.S.

M.G.S.*

T AM highly gratified in being able to lay before the Society
•* an account of an almost perfect skeleton of Plesiosaiirtis^,

a new fossil genus, which, from the consideration of several

fragments found only in a disjointed state, I felt myself autho-

rised to propound in the year 1821, and which 1 described in

the Geological Transactions for that and the following year.

It is through the kind liberality of its possessor, the duke of

Buckingham, that this specimen has been placed for a time at

the disposal of my friend Professor Buckland, for the purpose

of scientific investigation.

At the period of my former communications it was natural

and even just that in the minds of many persons interested in

such researches, much hesitation should be felt in admitting

the conclusions of an observer who was avowedly inexperienced

in comparative anatomy; and there might have then appeai'ed

reasonable ground for the sus})icion that, like the painter in

Horace, I had been led to constitute a fictitious animal from

the juxtaposition of incongruous members, referable in truth

to different species. But the magnificent specimen recently

discovei'ed at Lyme has confirmed the justice of ni}' former

conclusions in every essential point connected with the organi-

zation of the skeleton.

The only material error which I have to correct relates to

the bones which I supposed to be the radius and ulna: but

* From the Geological Transactions, Nuw Scries, vol. i.

•|- Some philological objections having beco .maJc to the coniposition

of the word Plesiosaurus, 1 brg to state that it is fbrniccl on tl)e very sr.me

principleas the words Inuyytfju Iw^sj-Sjorjilvc/all of appro veil ckii-sicai use.

with
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witli regard to the other parts of the skeleton, in assigning to

the same animal the heads and vertebrae, which had at that

time never been fbuiul in connexion, and whose actual relation

was therefore regarded by many as equivocal, in indicating the

order and place of the several kinds of vertebree, and in tracing

the osteology of {he humero-sternal parts, my opinions have
received full confirmation. In the attempted restoration of the

paddle also (though professedly given only on conjecture) a
very considerable approximation to the true structure of the

part will be found, considenng the very imperfect materials

afforded by the fragments which had then been obtained.

But in addition to these particulars, which in all their ma-
terial features were correctl}' stated, the specimen now exhi-

bited presents others of a most novel and interesting charac-

ter, not to have been anticipated previously to the discovery of
a skeleton, the whole exterior portion of whose vertebral co-

lumn was ]3erfect. I particularly allude to the neck, which is

fully equal in length to the body and tail united; and which
surpassing in the number of its vertebras that of the longest-

necked birds, even the swan, deviates from the laws which
were heretofore regarded as universal in quadrupedal animals,

and the cetacea. I mention this circumstance thus early, as

forming the most prominent and interesting feature of the re-

cent discovery, and that which in effect renders this animal
one of the most curious and important additions which geology
has yet made to comparative anatomy.

I now proceed to the details in the usual order.

Head.—The present specimen, and another of this part only,

in possession of MissPhilpot, confirm the restoration attempted
from the distorted head figured in Plate XIX. of the first,

volume of the second series of the Geological Transactions;

and the latter extends our knowledge by exhibiting distinctly

the occipital portion. We now also learn for the first time,

that the head of this animal was remarkably small, forming
less than the thirteenth part of the total length of the skeleton

;

while in the Ichthyosaurus its proportion is orie-fourth. This
proportional smallness of the head, and therefore of the teeth,

must have rendered it a very unequal combatant against the

latter animal ; but the structure of its neck may perhaps be
considered as a compensating provision, supplying it with the

means of security and of catching its prey.

Vcrtcbrcc.—The distinctions between the cervical and cau-
dal vertebra; have been fully and correctly stated in my
former communications; but I had not at that time observed
more than tw( Ive of the cervical, whereas tlie present speci-

men exhibits about tliirtv-five, or, includir)g the anterior dor-
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sal, which were placed before the humerus, and bore only five

ribs, fortj'-one*. This great inciease of the number of joints

in the neck is the more remarkable from the rigour with which

nature appears, in most cases, to have enforced the law of a

very limited number. In all quadrupedal animals, in all the

mammalia (excepting only the tridactyle slotlis, which have

nine) the series is exactly seven ; and so strict is the adiierence

to this rule, that even tlie short and stiff neck of the whale,

and the long and flexible neck of the cameleopard, are formed

out of the same elementary number ; the vertebrae in the former

instance being extremely thin and anchylosed together, and

in the latter greatly elongated. Reptiles possess only from

three to eight cervical vertebrae ; birds, approaching in this

more nearly to the present species, but still falling greatly

short of it, have from nine to twenty-threef, the number being

the greatest in the swan. The Ichthi/osaurus appears to have

possessed about eighteen cervical vertebr£E. In fishes the ribs

commence almost immediately behind the head.

The views of GeofFroy de St. Hilaire,—that nature in the or-

ganization of the animal frame has caused the stei'nal portion

to shift its position along the vertebral column,—seem to derive

an important corroboration from the structure of this animal

:

but it is remarkable, that whereas the sternum holds a mean
position in quadrupeds, and is thrown forward in fishes and
backwards in birds, yet its position in this instance assimilates

the Plesiosamiis less to fishes, though destined to move in the

same element:j:, than to birds, and exhibits at the same time

a very wide departure from the type of the Saurian tribe. Al-

* It is difficult to assign the exact demarcation between these subdivi-

sions of the column; because the inferior lateral or hatchet-shaped pro-

cesses of the cervical vertebrae (which in this animal greatly resemble those

of the crocodile) gradually become elongated, and assume almost insensi-

bly the character of false ribs.

f The sparrow is said to possess only nine cervical vertebrae (Cuvier's

Anatomic Comp.). In aquatic birds the length of the neck, as well as the

number of the cervical \'ertebrae, generally exceeds what we observe in the

land birds, this construction enabling the former to procure sustenance in

their own peculiar element.

J The Tcstudo longicoUis, an inhabitant of fresh-water and a native of
Australasia (see Shaw's Zoology, vol. iii. p. 62), is the most remarkable
among the tortoises for length of neck ; and the figure of this animal in the
work referred to will serve to illustrate what in the Plcsiosaunis must have
been the external appearance of this part when covered with integuments. It

would be very desirable to ascertain, from an examination of the skeleton,

whether this species has more than the usual number of cervical vertebrae.

Most of the tortoise tribe have the power of extending their necks consi-

derably, especially the Testudoferox (see Shaw. vol. iii. p. 65), whose neck,
when exsertcd, is equal in length to the shell. By darting out this it is

enabled to make even birds its prey.

though
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though thenumber of the cervical vertebree is thus unexampled,
yet the length of the neck is nearly rivalled by another of the

reptile class, namely, the land tortoise. The length is in this

case concealed by the anterior extension of the shell ; the neck,
however, notwithstanding its elongation, has only eight verte-

brae. The general proportions of the tortoise, its length of
neck, shortness of tail, and the smallness of its head, are in

some degree analogous to what we observe in the Plesiosaurus

;

but the structure of the head and teeth of the latter, and its

want of shell, entirely negative the idea of its being intimately

allied to the tortoise, and decidedly connect it with the Saurian
order.

It will be necessary to subjoin a few words on the inferior

hatchet-shaped processes which may be seen depending on
either side from the lower part of the cervical vertebrae. Most
animals present traces of these processes ; they are particularly

prominent in many of the long-necked quadrupeds, and in

birds project into a long styloid branch ; a rudiment of these

may be observed in man, but I am not aware that any parti-

cular name has been assigned to them*. They have been
sometimes confounded with the transverse processes, to which
they often form a wing-like appendage. These processes are

important, as serving to determine the number of the cervical

vertebrae, and as affording very close analogies between the

Plesiosaurus and the crocodile ; in both these animals these in-

ferior hatchet-shaped processes are exactly similar in figure,

and form separate pieces attached to the body of the vertebrae

by a double stem. In the figures given of the cervical verte-

brae in my former memoir, this stem alone, and the double su-

ture which receives it, could, from the imperfect state of the

specimens, be represented ; but I then expressed my convic-

tion that the structure resembled that of the same part in the

crocodile, and my conjecture is now verified.

The thirtj'-five anterior vertebrae of the Plesiosaurus exhibit

these processes distinctly characterized, and are therefore

beyond all doubt cervical ; in the six following the processes

become lengthened, and gradually lose their natchet-shaped

extremity, assuming rather the form of false ribs, and should

therefore perhaps be classed as anterior dorsal ; but the whole
forty-one are clearly placed before the pectoral extremities.

In the crocodile there are seven cervical vertebrae with hatchet-

• Dr. Macartney, in his Anaton)y of Birds, says, " The transverse pro-

cesises of the vertchra" of the niiiUlIc of the neck spread forwards, and send
down n styloid process of some lcn;,'th."^

— " The anterior styloid processes

are hut little observable in the rapacious and passerine tribes, the [larrot,

&c. ; but they are very marked in the lonp-nccked birds."

.shaped



4.16 The Rev. W. D. Conybeai'e on t?ie Discovei'y

shaped processes, and three anterior dorsal with false ribs be-

fore the huniero-sternal portion. Since flexibility must evi-

dently be the end of this great multiplication of the joints, it

may perhaps excite surprise that the joints, instead of articu-

lating as in birds by cylindrical surfaces, should have their

contiguous faces nearly flat, which must have allowed a less

freedom of motion between each vertebra ; but it may be an-

swered, that the increased number of the joints compensated
for the stiffiiess of each.

Dorsal Vertebrce.—I have nothing to add to my former re-

marks on this part of the column : the greater part of these,

in the splendid specimen from Lyme, are removed from their

place, and are scattered over the mass of shale in which they

are imbedded. In consequence of this accident, we are ad-

mitted to a full view of the ribs and sterno-costal arcs and
pelvis, which remain undisturbed. Fourteen large ribs may
be counted ; and twenty-one dorsal or lumbar vertebrae ap-

pear dispersed, though their exact original number cannot be

ascertained. The last of these lies over the pubis, and has,

close to it, a short false rib.

Twenty-three caudal vertebrae are remaining ; and as about

three of the extreme ones appear to be wanting, we may pro-

bably assume this part at about twenty-six joints : the whole
vertebral column then will number about 90 joints ; viz. 35 cer-

vical, 6 anterior dorsal, 21 dorsal and lumbar, 2 sacral, and
about 26 caudal. The proportions of the whole of these parts

will stand nearly thus: taking the head as 1, the neck will be

as 5, the body as 4, and the tail as 3, the total length being,

as was before remarked, thirteen times that of the head.

The chevron bones beneath the tail are finely exhibited

;

but this part, having been fully described in my former pa-

pers, suggests no new remarks, excepting that its shortness

must have prevented its being used, as in fishes, as an instru-

ment of impulsion in a forward direction, and that it was
therefore probably employed only as a rudder to steer the

animal by horizontal flexure, or by a sudden vertical stroke

to elevate or depress it while swimming through the water.

The anterior sternal portion is greatly concealed by the

vertebrae and ribs lying over it; these might be carefully re-

moved and replaced, and the structure of this important part

ascertained. From several imperfect s})ecimens which I have
examined, it appears to have been complicated in its struc-

ture, and nearly to have resembled that of the Tnpinamhis.

The posterior part of the sternum consists of a central bony
arc, crescent-shaped, and swelling in the middle ; to its horns
are applied two sterno-costal branches, which appear as usual

to
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to have been connected with the extremities of" the ribs by
cartilages : the nice adaptation of tliese parts is beautifully

displayed in the specimen.

The pelvis is finely displayed, and resembles the usual type

of this part in reptiles, of which the turtle perhaps affords the

best example for comparison with the fossil : the ilium is re-

duced to a long and slender bone, which might, if seen de-

tached, be mistaken for the os pubis ; that of several species of

turtle is exactly similar. The ischium is like that of most
reptiles ; and the pubis, as is also common in this class, is so

greatly dilated as to be liable to be mistaken for the ilium

if found separately. All these parts are very nearly in situ,

and the manner in which they unite to form the acetabular

socket is easily perceived ; the oval forniation between the

ischium and pubis is also quite distinct.

Humero-sternal parts.—In one of the specimens of Saurian

remains, presented by Colonel Birch to the Museum at Ox-
ford, the humero-sternal, or nxihuY humero-clavicular, parts on
one side of the animal are almost perfect. It is only at the

extremities of the clavicle and scapula that the bones them-
selves are preserved ; but the intermediate parts, though re-

moved, have left an impression of their lower surface. Enough
remains to enable us with certainty to identify these bones

with more perfect specimens of the same, which have been
found in a detached state. It is from these materials that I

have effected the restoration of the humero-clavicular parts

represented in Plate III. fig. 2.

The humero-clavicular parts consist, as in birds, and as in

the lizard and some other reptiles, 1st, of coracoid bones se-

parated from the scapula ; 2d, of a small scapula ; and 3d, of

clavicles.

The coracoid bones in the specimen at Oxford are greatly

elongated, in comparison of those represented in my first me-
moir, though resembling the latter in every other particular.

I hesitate to consider this diflterence as specific, because the

shorter coracoids evidently belonged to a much younger in-

dividual than the longer, as appears from the circumstance of

these and other bones, which have become anchylosed in the

latter case, remaining distinct in the former. I ought, how-
ever, to add, that a third fragment of this part, which certainly

belonged to a large adult, and exhibits the anterior })orti<>u

of the two coracoids adhering to a series of anterior dorsal ver-

tebra', agrees in form jnost nearly with the shorter speci-

men. The specimen belonging to the duke of Buckingham
possessed the long coracoids, traces of ihem beiM!>' very evi-

dent beneath all the anterior ribs. Should it appear on further

Vol. C5. No. Ii2G. June 1825. ^ O inquiry
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inquiry that there were two species, we learn from the speci-

mens already procured that the specific distinctions were very

slight, that noticed in the coracoids being in fact the only one

that I have been able to detect after a careful collation of the

most important parts in all the speciniens that I have exa-

mined.

The scapula has been correctly represented in my first me-
moir; but the humerus, which I had there figured from the

only specimen in which I had seen those two parts together (and

which, having belonged to the late Mr. Catcott, is preserved

in the public library at Bristol), in consequence of an accidental

dislocation is exhibited in an inverted position. The clavi-

cles consist of two transverse and one central piece. The for-

mer are the clavicles, strictly speaking; the latter may, per-

haps, more properly be referred to the steinum. The cor-

responding part or furculai- in the Ichthyosaurus also consists

of two transverse and one central piece, as does that of the

OrjiitJiorynchus, when young, as has been noticed by Mr. Clift
;

but the central piece in these animals forms merely a short

stem or handle (as it may be called) connected with the trans-

verse clavicles, whereas in the Plesiosaurus it is considerably

more developed. The general analogies between these parts

in the reptile tribe, in the Oniithotynchiis, and in birds, have

been ably pointed out by Geoffroy St. Hilaire and Cuvier.

In the plate containing a restoration of the Plesiosatmis,

(Plate 1 1 1.) I have added, for the purposeofcomparison, a sketch

of this part in the Ichthyosaurus. That published in the Philo-

sophical Transactions does not exhibit the tripartite division

of the furcula, and erroneously makes its branches curve con-

siderably too much upwards. The present outline is founded
on three very perfect specimens, which entirely agree with one
another in the parts here represented, and leave no doubt of

their actual form.

Extremities.—The humerus articulates immediately with the

bones, which in my preceding descriptions I had considered

as the first row of the carpus ; which contains only two in-

stead of the three pieces placed together in the conjectural re-

storation. I have again to acknowledge the error into which
I have been led in the insertion of a supposed radius and ulna

between these parts; for the two pieces which form the first

row formerly ascribed to the carpus, now appear to be the true

representatives of the radius and ulna, though greatly differuig

in form from the usual type of those parts.

The conjectural restoration of the paddles would very nearly

apply to the posterior paddles as exhibited in this specimen,

by abstracting the outer bone from this supposed carpus, and
removing
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removing also the exterior and circular bones from the edges

of the paddle as there drawn. I was led to introduce these

exterior paddle-bones from the specimen represented, fig. 1,

PI. XLII. Geological Transactions, vol. v., in which they are

so placed ; but I have subsequently retracted this view, having

learnt that when the specimen referred to was found, the bones

in question were loose, and had been subsequently glued into

their present situation, in consequence of a conjecture of the

proprietor. I mention this circumstance lest any real incon-

sistency should be supposed to exist between that specimen

and the more perfect and illustrative remains now discovered.

All the paddles are composed of two rows of nearly circular

or discoidal bones, representing the carpus and tarsus, and of

five digitated series, representing the metacarpal or metatar-

sal and phalangic bones, the distinction between these being

inappreciable, though we may of course, in conformity to the

usual nomenclature, term the first phalangic bones metacar-

pal, &c., if so inclined. The first or anterior digit on each

paddle has four phalanges; the last, seven. These are evi-

dently complete in the specimen. The whole five digits stand

as follows

:

Anterior paddle. Posterior paddle.

1st digit, 4 phalanges. 1st digit, 4 phalanges,

/and seems 2d ... 8, complete.
2d ... "'^complete. 3d ... 10, 1 uncertain whether

Sd ... 7, incomplete. 4th ... 9, / complete or not.

4-th ... 6, incomplete. 5th ... 7, complete.

5th ... 7, complete.

This great multiplication of joints in the phalangic series

strongly distinguishes this animal from all known quadrupeds.

In the whole class of mammalia (some cetacea only excepted)

the number of phalanges in the perfect and longest digits is

restricted to three ; it is the same in most of the reptiles ;
but

some Saurians, e.g. the crocodile, exceed this number by one

joint : birds also have only five phalanges.

A majority of the cetacea ajjpear to possess only three pha-

langes, but in some species the number is increased ;
and the

Rorqual (a species of Balceua) and the Delpliinm Ddphis pre-

sent as many as seven (see Cuvier's Ossemens Fossiles, torn, v.,

and Camper's Cetacea, PI. 44.), the nearest approximation to

the number in the Plesiosaurus, though less than the number

in the posterior paddle of that animal by two joints.

Although all the other analogies of the fossil animal refer it

to a class widely difiering from the cetacea, it is yet interest-

ing to observe that in these instances, taken from beings of

distinct general organization, the use for which nature m-
•^

3 G 2 tended
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tended this part, viz. natation, being the same, a similar modi-
fication has been superinduced on the usual structure ot" qua-
drupedal extremities.

On the whole, this part in the Plesiosaurus presents a link

between the usual structure and the still more complicated or-

ganization of the paddle in the Ichthijosaunis ; the phalanges
are flattened as in the turtle, and other animals destined for

natation, and were doubtless in like manner covered by a
common integument, and thus converted into a species of

fins.

I shall conclude with some more general remarks.—In its

motion this animal must have resembled the turtle more than
any other; and the turtle also, as was before remarked, could
we divest it of its shelly case, would present some slight ap-
proach in its general proportions to the Plesiosaurus.

I shall leave to others more conversant than myself with

the analogies of comparative anatomy, the infei'ences to which
those particulars may lead concerning the habits of this sin-

gular animal.

That it was aquatic is evident from the form of its paddles

;

that it was marine is almost equally so, from the remains with
which it is universally associated ; that it may have occasion-

ally visited the shore, the resemblance of its extremities to

those of the turtle may lead us to conjecture ; its motion, how-
ever, must have been very awkward on land ; its long neck
must have impeded its progress through the water, presenting

a striking contrast to the organization which so admirably fits

the Ichthyosaurus to cut through the waves. May it not, there-

fore, be concluded (since, in addition to these circumstances,

its respiration must have required frequent access of air), that

it swam upon or near the surface, arching back its long neck
like the swan, and occasionally darting it down at the fish

which happened to float within its reach ?

It may, perhaps, have lurked in shoal water along the coast,

concealed among the sea-weed, and raising its nostrils to a
level with the surface from a considerable depth, may have
found a secure retreat from the assaults of dangerous enemies

;

while the length and flexibility of its neck may have compen-
sated for the want of strength in its jaws and its incapacity for

swift motion through the water, by the suddenness and agility

of the attack which they enabled it to make on every animal

fitted for its prey which came within its extensive sweep.

The name I have originally given to this animal, Plesiosaurus

(approximate to the Saurians), may appear rather vague in this

stage of our knowledge, and an ajipellation derived from its

peculiar length of neck might be preferred ; but for the pre-

sent
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1

sent I shall retain the old generic name, adding for specific

distinction the well-known Homeric epithet Dolichocleirus, as
characterizing the most striking peculiarity of its osteoloo-y,

I am the rather induced to follow this course because I think it

very probable, from specimens which I have examined, that
species ofPlesiosuunis with shorter necks exist in other strata.

I have already figured a column, belonging to an animal of
this genus, in which the proportions of the Plesiosmirus Doli-
chodeirus are inverted, the vertebrae of the neck being consi«

derably thinner than those of the body. Professor Buckland
has since obtained from Market Raisin, large fragments of the
skeleton of the species to which that vertebral column must
have belonged; its remains are common in the Kimmeridge
or Oaktree clay. From its enormous size I shall provisionally

indicate this species as Plesiosaurus giganteus, and I hope herer
after (in union with my fi'iend) to submit drawings and a de-
scription of those remains to the Society.

With i-eference to the elucidation of all these questions, I
cannot but congratulate the scientific public that the discovery
of this animal has been made at the very moment when the
illustrious Cuvier is engaged in, and on the eve of publishino-,

his researches on the fossil ovipara: from him the subject will

derive all that lucid order which he never has yet failed to

introduce into the most obscure and intricate departments of
comparative anatomy.

LXVI. Menstruum for Biting-in 071 Steel Plates. By Mr.
Edmund Turrell, of Clarendon-street, Sotnerstovan*.

THHE demand that has taken place for engravings upon de-
- carbonized steel plates, on account of their great dura-
bility when compared with copper plates, has caused many
eminent artists to employ their talents upon that peculiar pre-
paration of metal ; and many beautiful specimens of line-en-

graving have been produced, capable of yielding proofs or
prints to an extent unknown before the invention and applica-

tion of that peculiar preparation of steel, which was first, I be-
lieve, made known to the world by Mr. Perkins, who has made
use of it very extensively in his bank-note manufactory in the
United States of America, and n)ore recently in London.

II" the execution of a fine engraving upon such prepared or
decarbonized steel had depended entirely upon the graving
tool, the principal difficulty that presents itself would be the

• From the Transactions of tlic Society of Arts.—The large gold medal
was presented to Mr. Turrell for this communication.

superior
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superior hardness of the metal, which of course would offer

greater i-esistance to the action of the graver than copper : but

as most or all the engravings of the present time are a mix-
ture of etching and graving united, it was of course equally

necessary for tiie artist to be able to etch and bite-in upon de-

carbonized steel, as well as to cut with the graving tool.

In order to form a just idea of the difficulties that occur in

etching and biting-in upon steel plates, it will be necessary to

state a few facts relative to etching upon copper.

The visual method is to cover the copper plate with a coat

of varnish, commonly called etching ground ; and when the

lines that are necessary to represent the subject are cut through

the varnish with a point or needle, a border or rim of soft wax
is raised round the sides of the plate, and nitrous acid, suffi-

ciently diluted with water, is poured upon the whole surface,

and immediately a corrosion of the copper takes place in those

parts or lines where the varnish has been removed or cut

through. The action of the acid is at the same time rendered

obvious to sight by the continual formation and disengagement

of bubbles of the nitrous gas on all the etched parts, thus in-

dicating to the artist how the process is going on.

Various acids have been tried for this purpose, both singly

and compounded in various proportions ; but experience has

proved that very pure nitrous acid is superior to any com-
pound that has hitherto been produced, and I believe it is also

superior to any other acid that can be used singly; for there

is one requisite that is absolutely necessary and indispensable,

namely, that whatever acid is used, it should not only have a

powerful affinity for the copper, and by its chemical action

corrode and deepen the etched lines, but it should also be ca-

pable of holding the oxide formed in perfect chemical solu-

tion, otherwise the lines would soon be choked up by a depo-

sition of the oxide so formed ; as the deposition increased, the

oxide would press upon the edges of the etching varnish and

loosen it, by which means a partial corrosion would take place

under it, and shallow lines would be the consequence. The
lines produced under such circumstances are also generally

rough and uneven on their edges. The process just described

is technically called biting-in, and such a production would be

called a bad biting. On the contrary, when the oxide of cop-

per formed during the process is immediately dissolved in the

fluid that forms it, a fresh surface at the bottom of the line is

continually offered to the acid to act upon, and then the cor-

rosion produces the very best effect, that is to say, very deep

lines, with beautiful clear and even edges.

When etching upon steel was first introduced, great diffi-

culty
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culty was experienced in biting-in the etched plates ; for, what-

ever acid was used, it invariably happened that the lines when
corroded were exceedingly shallow and rough upon the edges,

many times so much so as to cause serious disappointments

and great loss to those engaged. Such, indeed, was the risk

of failure, that several artists have refused to execute any
thing on steel, on account of the diflBculty of biting-in their

etchings.

I believe I am correct when I state that Messrs. Perkins and
Heath paid the late Mr. Lowry fifty pounds for the secret of

a menstruum that would effect the biting on steel in a manner
superior to that which they had previously practised. It is

but justice to state, that, previous to purchasing the before-

named secret, their method was stated to all who applied to

know it, and this consisted in using the worn-out acid that had
been used for biting-in copper plates, which, therefore, was an
acidulous nitrate of copper, in the state of solution. But with

this the results were very unsatisfactory, and almost always

the lines were so much shallower than those produced on cop-

per, that the proofs from the plates in that state were very

gray and spiritless, for want of depth to hold the proper quan-

tity of ink.

No person was more sensible of this defect than the late

Mr. Charles Warren, and the method of biting-in upon pre-

pared steel, invented by him, and communicated to the public

in the Transactions of the Society of Arts, &;c. vol. xli. fully

evince how warmly he entered into the investigation ; and also,

when he had attained a better method than was generally

known, how liberally he presented it to his brother artists.

Had Mr. Warren stated in his communication that perfec-

tion was attained by this method, I should have conceived it

an invidious task to dispute that point, by offering to the So-

ciety's attention a method of biting-in etchings, executed upon
steel plates, which 1 feel confident has many advantages over

any at present generally made known. But I am relieved

from any such considerations, by the recollection of his ex-

pressions to the committee, that he not only came forward to

contribute what he had invented, but was also very desirous

to elicit facts and information, by leading others to make ex-

periments on the subject, as he had done. I therefore trust

that those who rcs))ect his memory, and feel grateful for his

communication, will consider that I am following his example;

and allhougii I may not have found out a faultless improve-

ment, yet that much new light will be cast upon the subject,

tending to elicit new facts, and thereby bring to speedy ma-
turity
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turity a process that, in its present infant state, has many great

and vexatious difficulties attached to it.

Shortly after Mr. Warren made his invention known to the

Society, I was requested to execute some etchings on steel

plates ; but, previous to assenting, I thought it necessary to

tiy how far the menstruum of Mr. Warren's invention would

do for biting-iu the even tints produced by machine-ruling,

that being a kind of work more calculated to show the imper-

fection of bad biting than any other. And more particularly

so when three lines are used to pi'oduce those aerial tints that

ai'e necessary to form the back-grounds to portraits, and to

many other subjects, which, if produced by the graving tool,

would (upon steel) be enormously expensive.

Having prepared the menstruum, according to the direc-

tions given, I certainly felt great difficulty in preventing a pre-

cipitation of the copper, which, filling the lines, continues

to accumulate ; and by its pressure, as it increases, removes

the etching-varnish jjartially from the sides of the lines, and

thereby causes, in a great degree, the shallowness before com-

plained of.

I have no doubt, that on very small plates it may be possi-

ble to sweep the surface of the plate with such rapidity, that

this evil may in a great degree be prevented ; but upon large

plates, where they are covered with work, such an operation

will be attended with great difficulty, and in many instances

will be nearly impossible.

In biting-in on copper plates, the breadth of the etched line

is in a great degree indicated by the size of the bubble of ni-

trous gas formed on the line; but where the lines are filled

or covered with the precipitated copper, the difficulty ofjudg-

ing of the state of the biting is greatly increased.

These and other difficulties incited me to give the subject

every attention in my power. The first indispensable requisite

(as it appeared to me) was to determine what acid would most

readily corrode the lines etched upon the steel plate; and,

after trying a number, nitric acid, reduced to a proper strength

by dilution, appeared to me the best adapted to this purpose,

provided some means could be found of preventing it from de-

positing the oxide of iron after having taken it up.

Chemists well know that iron exists in two states of oxida-

tion, the protoxide and peroxide, and that each of these oxides

will combine with acids forming two genera of ferruginous

salts, the proto-salts and the per-salts. The proto-salts con-

tain a larger jiroportion of oxide than the soluble per-salts

;

and being liable to pass into this latter state by long keeping,

or
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or in a sliort time when exposed to the air, their solutions will

sooner or later become turbid, and will deposit peroxide of

iron in a state scarcely at all soluble, except by being digested

in hot acid, combined with some deoxidating substance.

For this reason it is that the action of nitric acid diluted with

water will seldom give satisfactory results when employed for

biting-in ; for although at first it acts very well, the iron being

brought merely to the state of protoxide, and dissolving freely

in the acid,—yet by exposure to the air, during the process of

biting, it passes to the state of peroxide, a portion of which

precipitates, and, faUing into the lines of the etching, covers

the surface of the steel at the bottom of these lines, and thereby

impedes and renders irregular the action of the acid.

Knowing that calico-printers prefer making their solution

of oxide of iron in pyroligneous acid, I conceived that, when
in its pure state, this would be a very proper fluid to dilute the

nitric acid with; because it would not only tend to reduce its

action, but might prevent, or at least impede the jirecipitation

of the oxide formed in the operation of biting. Although,

however, something was gained by this addition, yet it did not

appear to be so effectual upon repeated trials as to leave me
completely satisfied It then came into my mind that alcohol,

and, still more, ether, have a very powerful deoxidating ef-

fect, as they are able to separate gold, in its pure metallic

state, from its solution in aqua regia. I determined, therefore,

upon adding to the n)ixture of pyroligneous and nitric acids a

portion of alcohol, expecting that the nitrous ether resulting

from this combination being presented in its nascent state to

the nitrate of iron formed during the biting, would retain it in

the state of proto-nitrate, and thus prevent any precipitation.

I am happy to say I was not in the least disappointed ; for

with a menstruum thus formed or compounded of the three

ingredients, namely, pyroligneous acid, alcohol, and nitric

acid, I acfjuire the following advantages.

In the first place, it corrodes the steel with great facility,

producing a beautiful, clear, and deep line ; and upon a va-

riety of plates the results were very uniform.

Secondly, it prevents the deposition of peroxide ; as a proof

of which I have kept some of the menstruum which had been

employed for biting-in as long as six months, and could not

discover any precipitation Ibrnied.

As a furtiier ))r<)of ol' its power of holding the oxide formed

in j)erfecl solution, it will be distinctly seen (hat as soon as the

corrosion takes jjlace upon the steel plate, the whole of the

lines appear beautifully bright, and cojitinue so until the biting-

in is completed.

Vol. fifj. No. 326. June 1825. 3 H The
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The.proportions of the acids and the alcohol are as follows

:

Take four parts, by measure, of the strongest pyroligneous acid

(chemically called acetic acid), and one part of alcohol, or

highly-rectified spirits of wine ; mix these together, and agitate

them gently for about half a minute; then add one part of

pure nitric acid ; and when the whole are thoroughly mixed
the menstruum is fit to be poured upon the etched steel

plate.

When the menstruum is compounded in these proportions,

very light tints will be sufficiently corroded in about one mi-

nute, or one minute and a half, and a considerable degree of

colour will be produced in about a quarter of an hour. But
the effect may be produced much quicker by the addition of

more nitric acid, or it may be made to proceed much slower

by omitting any convenient portion thereof.

The plate, when the mixture is poured off, should be in-

stantly washed with a compound made by adding one part of

alcohol to four parts of water ; and the best material for stop-

ping out any part that is sufficiently corroded is pure asphal-

tum dissolved in essential oil of turpentine, which of course

must be of sufficient consistence to flow freely from a hair

pencil. It may be necessary to inform those engravers that

use the common Brunswick-black to stop out the bitings on
copper plates, that it is a very improper article to use on steel

plates; because, as the asphaltum and oil of turpentine, of
which it is principally composed, do not render it sufficiently

drying, these ingredients are digested with a small quantity of

spirit of wine, which has a great tendency to unite with the

biting menstruum above described, and thereby cause foul

biting.

As I attach considerable importance to the purity of the in-

gredients of which my menstruum is composed, I beg leave to

impress on my brother artists the necessity of strict attention

to this circumstance : I have myself obtained the ingredients

in a state entirely to my satisfaction from Mr. Desormeaux,
16, Charlton-street, Somerstown.

LXVII. On the Invention, Progress, and Advantages of the Art
of Engraving in Mczzotinto upon Steel. By Mr. Charles
Turner, of Warner-street, Fitzroy-sqnare*

.

nr^HE discovery of a method ofengraving in mezzotinto upon
*- steel may be justly regarded as one of the most fortunate
occurrences in the history of the graphic arts. In the infancy

* From the Transactions of tlie Society of Arts.

of
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of this invention, as in that of ahuost every other, difficulties

repeatedly presented themselves, but these have been success-

fully overcome ; and the art, an outline of the gradual advance
of which I am about to subjoin, may at present be considered

as arrived at a state of full and vigorous maturity.

In the year 1812, that distinguished ornament and benefac-

tor of his country, the late Mr. JamesWatt, suggested to me the

possibility of engraving in mezzotinto upon steel ; but all the

attempts with which I immediately followed up the communi-
cation were unsuccessful. The hardness of the steel induced
me to lay that metal wholly aside; and some experiments
which I subsequently made upon plates of brass were attended

with no better results : these latter substances were so unequal
in their temper, that I found them quite unfit for my purpose.

It was not, therefore, till the very recent date when Mr. Ja-

cob Perkins (whose indefatigable labours and extraordinary

inventive powers are so well known and so highly appreciated)

had produced blocks of steel soft enough to receive the im-

pressions of our tools, and form a ground upon which we have
been able to accomplish every thing required, that the art of

engraving in mezzotinto upon steel can be said to have had its

commencement.
In the month of January 1820, Mr. Say made an engraving

on one of Mr. Perkins's blocks, and it was decidedly the best

specimen then produced. In February 182], I engraved a

portrait on the first steel plate I ever saw. It had been given

to me by the late Mr. Lowry, and it turned out so satisfactorily

as to meet the approbation of Sir Thomas Lawrence.

On the 30th of May 1822, Mr. Lupton received the gold

medal from your Society for his admirable performance,—the

Infant Samuel. From the good fortune which has crowned
the latter experiments, steel plates have obtained a decided

preference over those of copper for engraving in mezzotinto

;

and the beautiful specimens now before the public, from the

hands of Messrs. Ward, Reynolds, Say, Lupton, and other

artists, recjuire only to be seen to be admired.

In engravings in mezzotinto upon steel the tones are far

better defined than those obtainable upon copper. From the

superior density ofthe former metal, the clearness of the lighter

tints is carried to much greater perfection ; and, from the same
cause, the darks have also a decided preference, being distin-

guished by their superior richness. The advantages in these

respects are so numerous, that all the deficiencies, which were
formerly irremediable in mezzotinto engraving, are now en-

tirely mastered ; and the numerous <liHicuIties with which the

artist was always contending, completely dissipated : although

3 112 the
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the process is much longer and more tedious on steel than on

copper ;
yet, when completed, it is so perfectly satisfactory as

fully to reward the additional labour. The instruments used

in engraving in mezzotinto upon steel are precisely the same
as those employed in engraving upon copper. When a deep

black is required, twice the number of ways will be found de-

sirable ; from sixty to a hundred will not be too many. Steel

plates are now so well prepared, and are become so common,
that they are easily obtained by all who desire them ; the best

are those manufactured by Mr. Rhodes, and Mr. Hoole, of

Sheffield, who have paid every attention to rendering them fit

for the purpose of the artist : they may also be had of Mr.
Harris, Siioe-lane, London.

I believe that I shall not be thought to entertain an erroneous

opinion, when I express my belief that it is solely to the intro-

duction of engraving upon steel into this country by Mr. Per-

kins, that we are indebted for the present successful applica-

tion of the same metal to the art of engraving in mezzotinto.

In conclusion, it may be serviceable to add a warning and

receipt, which the novelty' of the use of steel in the art of en-

graving somewhat imperiously requii'es :—Great care should

be taken to save the steel from rust, which is done by warm-
ing the plate, and rubbing sheep's suet (from the animal) over

it, and keeping it near a fire, or in a dry room ; without this

precaution much mischief will arise.

LXVIII. Observations on the dichotovious Distribution qt Ani-

mals: together xvith a Binary Arra7igcmcnt of the Natural

Order Saxifrageae. By A. H. Hawohth, Esq. F.L.S. t^r.

To the Editor of the Philosophical Magazine and Journal.

Sir,

SINCE my last communication to you, I have seen for the

first time (viz. June 3, 1825) a work entitled Zoologie Ana-
liliquc, by A. M. Constant Dumeril, printed at Paris in 1806.

It was lent to me by my friend Mr. H. Boys, one of the Fellows

of the Linnaean Society ; and it distributes the genera of ani-

mals in a method so allied to my own binary one, that it may,

perhaps, be said by some, that 1 have borrowed largely from

it witliout any acknowledgement. Wherefore it becomes ne-

ccssarv that I should assure the readers of your Magazine to

the contrary ; and that it was in consequence of my explaining

what I thought the complete novelty of my plan to Mr. Boys,

that he showed and lent me the ingenious and elaborate work

of Dumeril, as above stated. But I have not yet seen the bo-

tanical publications which that author mentions in his preface,

although



of the Natural Order Saxifrageae. 429

although I possess Hooker and Taylor's Muscologia Britannica,
which affords a somewhat similar plan, as appears by their

preface, though I have not followed it.

The difference between the method of Dumeril and my
binary one may be seen by the following remarks. His di-

visions are not invariably worked out through dichotomies,

but are sometimes trichotomous, tetrachotomous, or in one or

more instances forkless.

His method is essentially descriptive through every branch,

and without names, until you arrive at a genus. Mine is

definitive ; and every division, subdivision, &c., is appropriately

designated by a single word, which is its name.

His dichotomies bring you down to every individual genus, yet

the genei'a are oitenforced into dislocations, as their irregular

numerical figures confess ; but which the accompanying page-
work corrects. My tables, or rather their dichotomies, usually

end in two or more genera located natiirally, and which are

intended to be numbered cuiTcntly; and the page-work which
I contemplate, and its head-lines, will have corresponding

numbers, conducting the reader instantly to characters, de-

scriptions, and synonyms, of every published genus.

The essence, however, of both Dumeril's and my own plan

is, that they equally work, or ought to work, ever dicliotomoiisly,

and by opposites. In a word, mine at least is intended to be
polaric; and the very title of the book which I meditate is,

Organica Corpora, methodo polari digesta. Wherefore, if we
can admit that the dichotomies of the tables throw their com-
ponent subjects as distant as possible in point of affinity from
each other (being frequently merely analogies), and surely this

is possible, and will ultimately be practicable,—it clearly fol-

lows, that every thing which lies, in point of affinity, between

such groups, must absolutely, through the constantly I'epetite

spirit of the arrangement, fall between them ; and therefore

fall natui'ally, and truly, in the very place where it ought to

fall. And from this it results, as I have elsewhere observed,

that the apparent distribution by Nature of her organized

forms, is a continuous one that is unravelable in the way of a

straight line ; but arising dichotomously from one root (which

1 have called matter), and proceeding in a repetitely double,

and in point of magnitude or quantity, unequal series; resem-

bling, as it were, an inverted branching and exuberant tree.

And I have also elsewhere observed, that every dichotomy ex-

tending into, and ending in, various generji, may be imagined

(by bending its ends together) as forming a sort of circle of

affinity, either oj>en at lop, or closed by the root which pro-

duces it. These minor circles, moreover, are but pails of

other
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other larger circles, which the mind's eye may imagine to be

composed of several, one within another ; or, when taking the

widest possible range, the whole may be conceived to be but

or reiteratedly compounded circle, vast and grand, enfolding

or representing in its ample orb the mighty works of God on
earth. I have the honour to remain, sir, yours, &c.

Queen's Elm, Chelsea, June 5, 1825. A. H. Haworth.

Postscript.—It may be worth adding, that the first time 1

ever observed the prevalence of a dichotomous distribution in

nature, was in the winter of the year 1813-14, when engaged

in arranging and grouping the genera for my Saxifragearum

Enumeratio ; which, although shown soon after to some friends,

was not published until 1821. The distribution of the genera

there given is virtually and in spirit a dichotomous one

(though I did not then venture to print it so) ; and this will ap-

pear by the conciseness and precision of the following table,

which really alters not either the natural or current location

of a single genus there published.—Vide Saxifrag. Enum. p. 4.

—The genera are in italics below.

SAXIFRAGEARUM TABULA DICHOTOMA.
pllKIVALVES.

pRectocalycatae.

i-Acaules.

—

Megasea, Dermasea, Chondrosea.

-Foliosae.— Miscopetalum, Lobaria, Tridactylites, Saxifraga,

Muscaria, Leptasea, Hircidus, Ciliaria, Antiphylla.

"-Reflexocalycatae.

pSessilifoliae*.— Micranthei...

Lpetiolatae.

r-Decurrentes.

—

Aulaxis, Spatularia.

•-Edecurrentes.

CSarmentosae.

—

Ligidaria...

Esarmentosae.

—

Robertsonia . .

.

l-BlVALVES.
j-Decandrae.

—

Mitella, Tiarella,

Lg—5-andrae.

pUniloculares.

—

Ckri/sosplenium, Adoxa.

LBiloculares.

—

Heuchera . .

.

LXIX. Description ofan improved Crossfor Land-Surveyors.

By Mr. Isaac Newton.

To the Editor ofthe Philosophical Magazine and Journal.

Sir,

IT being generally allowed and experienced byland-surveyors

that the measuring of diagonals, perpendiculars, &c., by

means of the chain and the common cross, is attended with a

* Misprinted " Sessiliflorae" in Saxifrag. Enum. p. 4, &c. but not in p. 45.

good
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good deal of labour, I hope the following description of an

improved cross, lately invented by myself, as it is calculated

to abridge in a great measure the labour here complained of,

will not be found uninteresting to some of the readers of the

Philosophical Magazine.

A B D G represents the upright staif, and C the cross fixed

at the upper end of a slight straight rod of wood F H, and
resting on an horizontal arm or

flat and straight piece of wood
E B F, having two circular holes

at B and F, large enough through

which to admit the staff and rod

at right angles to the arm ; which ^
arm is moveable about the staff,

and may revolve about it at plea-

sure. A E D is a small spring or

bent piece of iron, capping the

arm at E, where, being riveted, it

presses on the staff at A and D,
above and below the arm, and
serves to adjust the arm to any
height on the staff, and to keep

the arm in any required horizontal

direction. The rod F H being

fixed to the cross at F, and paral-

lel to the staff, and also free to

turn in the hole at F, answers a

threefold use ; as it keeps the cross

on the arm, turns the sights in any

direction, and points out where,

on the ground, the chain must fall. In practice I think it will

be found most convenient to have the radius or part ofthe arm

B F about 1 8 inches long, and the rod F H about 3 feet and

a half in length.

In measuring diagonals, &c. by means of the chain and

common cross, the young practitioner is frequently obliged to

prick his staff in six or seven different places before he can

succeed in finding the diagonal, &c. ; but in using the above,

he will seldom find it requisite to ground his staff more than

once, in order to answer the same purpose. For instance,

having brought his cross as near to the diagonal, &;c. as he can

guess, the error, if any there be, may easily be corrected by

tiie radius B F, which, as before observed, is made to revolve

about the staff. I remain, sir, youi'Sj &c.

WUbecli, June K, 1825. Isaac NewTON.

P. S.
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P.S. The turner who makes the staff" A B D G may leave

it capped ^t top, and make it cylindrical about half its length

from the top, in order that the arm may not slide down the

staff" when it ought to remain fixed.

LXX. On Mr. J. Herapath's Demonstratioii ofthe Binomial

Theorem. By Mr. L. T. Ward.

To the Editor of the Philosophical Magazine and Jotirnal.

Sir,

AT page 323 of the Philosophical Magazine for last month,

Mr. J. Herapath, in his demonstration of the Binomial

Theorem for integral exponents, tells us that the product of

(g_ 1) of the quotients n, -—, -^, &c., is equal to the co-

efficient of the qih. term in the expansion of (.r + j/)" when q,

of course, is any whole number greater than 2. This of itself

amounts to no proof. In oi'der to complete the demonstra-

tion it must be shown that n x -^ x -j-, &c. to (^ — 1) fac-

tors, OUGHT to equal the co-efficient of the qih term in the ex-

pansion of {x + yfi and this may easily be done by induction

from the operations marked B.

Thus 2 X ^

SXg-; Sx^-Xg^.

4 X |; 4 X I X f ; 4 X I X I X i.

oXg'j "SXg^x^; ox-gXi^x^; oXttX^x^^Xj-.
&c. &c. &c.

'

n—

1

rt— 1 n— 1 u—\ » — 2 n — 'inx --;«x— X—;«x— x-^x— ...

(«— 1 71
—

'2 1 \
n X —— X -^r- ••• — )2 3 n /

It is easy to perceive how these results are obtained ; and
on comparing them with the co-efficients ol'the powers marked
A, it is evident that 2 x | = the co-efficient of the 3d term of

the 2d power ; that 3 X | and 3 X | x g^ = the co-efficients of

the 3rd and 4th terms of the 3rd power; and so on of the rest;

, , „ ,
11— I n— 1 n— 2 M — I

and therefore, that 7i x —^ ; n x ^— x —77- ; n x —^ x

'^—— X -—, &c., which are deducible from the preceding steps,

properly denote the co-efiicients of the 3rd, 4th, 5th, &c. terms

in the expansion 'of {x + 3/)".

I am, sir, yours, &c., L. T. Ward.
Wisbech, June fi, i82.=,.

'

LKXl. A
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LXXI. A Dt'soijji/on oj' a iicxi: SjJccies of iscolopax latcli/ dis-

covered in the British Islands : loifh Observations on the Anas
glocitans of Pallas, and a Description of the Female of that

Species. Bjj N. A. Vigors, Esq. A.M.F.L.S.*

T^HE Natural History of these islands has been studied with
*• so much science and assiduity, and the investigation at-

tended with so much success, that any addition to the num-
ber of" our species, more particularly in the higher classes of

the V'ertebrated Animals, must be of rare occurrence, and
productive of considerable interest. It is therefore v. ith much
pleasure that I submit to this Society the following description

of a species of Scolopax, new to the Ornithology of the British

Islands; and of a species of the Linntean genus Anas, which,

from its having been until recently but once only observed in

this country, and from the specimen which was described not

being at present in existence, or ca[)able of being referred tc,

has been for some time considered as possessing but a doubt-

ful claim to a place in the British Fauna.

Ordo. Grallatores, 111.

Fam. ScoLOPAciu^,, mihi.

Genus. SCOLOPAX, Auct.

SCOLOPAX SaBINI.

S. castaneo atroque varia, subtus pallidior, pileo hmne -is ptero-

matibus remigibusque atris, rostro pedibusque fusco-atris.

Rostrum fusco-atrum, mandihdd superiore ad basin subcasta-

nea. Gala, gencc, j:ectusque fusco-atra?, castaneo-macu-

lata;. Abdomen i'usco-atrum castanco-fasciatura. Tectrices

inferiores, i-emigesque subtus fusca*. Dorsum scaprdares-

que intense atrae castaneo-fasciat.ie. Bectrices duodccim,
ad basin atrae, ad apicem ferruginea? atro-fasciata?.

Longitudo corporis, rostro incluso, ^^-q\ rostri ^y'y; ahc a

carpo ad remigem secundam 5y^; tarsi \\.

In Muii. nos.

This species is at once distinguished from every other Eu-
ropean species, of ;SVo/o/;oj', by tlie total absence of white from
its plumage, or any of those lighter tints of ferruginous-yellow,

which extend more or less in stripes along the head and back
of them all. In this respect it exhibits a strong re:-emblance

to the iS. saturata of Dr. Horsficld, from which however it suf-

ficiently (lifters in its general proportions: and I find no de-

bcriptiou of any otlier extra European .species oi ixucScolopax

• From flic 'IVaii^actioiis of tlie I.innitaii Society, vol. xiv.— Coinnuuii-

catcd by the Zoological Club of the Linnwan Society.

Vol. G.O. No. 3'^f). June IS'i.'j. 3 I which
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which at all approaches it in this character of its plumage. In

the number of the tail-feathers again, which amount to twelve,

it differs from 5. major, which has sixteen, and S.gnllinago,-wh'\c\\

has fourteen : it agrees however in this point with S. gallinula,

which also has but twelve ; but it never can be confounded with

that bird, froni the great disproportion between the essential

characters of both; the bill alone of S. Sa/;/;«' exceeding that of

the latter species by one-third of its length. In the relative

length and strength of the tarsi it equally differs from all.

These members, although stouter than those of S. gallinago,

fall short of them by ^^ of an inch : they are much weaker,

on the other hand, than those of .S'. major, although they nearly

equal them in length. In general appearance it bears a gieater

resemblance to S. rusticola than to the other European Scolo-

jyaces, but it may immediately be recognised as belonging to

a different station in the genus ; the two exterior toes being
united at the base for a short distance, as in the greater num-
ber of the congeneric species ; while those of 5. rusticola are

divided to the origin.

The only specimen of this species with which I am ac-

quainted, the description of which is accompanied by a very

accurate drawing* by Mr. Curtisj is the bird in my possession.

It was shot in the Queen's County, in Ireland, by the Rev.

Charles Doyne, of Portarlington, in that count}', on the 21st

of August 1822; and was obligingly communicated tome the

same day. I have named the species in honour of the Chair-

man of the Zoological Club of the Liima^an Society, whose
zeal and ability have thrown so much light upon the Ornitho-

logy of the British Islandsf.

Ordo. Natatores, 111,

Fam. Anatid.'e, Leach.

Genus. QUERQUEDULA, Briss.

QUERQUEDULA GLOCITANS.

Q. fusca nigro-undata, capite viridi supra nigro subcristato ;

macula ante poneque oculos terruginea, pectore ferrugineo

* A figure is given in the Liim. Trans, vol. xiv. Tab. XXF.

f Since the above comnmnication was read to the Society, I have licen

enabled to record a second instance of this birti having lieeii met with in

the British Islands. On the S?6th of October 1824, a female of this species

was shot on the banks of the Medway, near Rocbcsrer, and is preservi-d in

the valnable collection of Mr. Dunning of Maidstone. 'I'lie specimen was
kindly communicated to me by that gentleman, and was exhiliitcd to the

Zoological CInb on the 23rd of November 1824. It acconis in every par-

ticular with the specimen above described, with the exception of being

Bomewhat smaller. This difference of size most probably indicates the dif-

ference of sex.

maculis
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maculis nigris, tectricibus duabus mediis lateralibus longi-

oribus.

Anas glocitans. Pallas, Acta Stock. 1779. xl. t. 35.
J".

1.

Gfnel. Si/st. i. p. 526.

Lath. Ltd. Orn. p. 862.

Bimaculated Duck. Pennant, Brit. Zool. vol. ii. p. 602. t. 100.

f.2. ed. 1776.

Mas. Rostrum jjlumbeum, dertio nigro. Pileiis nigei" ferru-

gineo-varius. Geiue collique latera virides. Giittur vi-

ridi-nigruni. Pectus abdomenque medium ferruginea, ma-
culis nigris, superioribus rotundis, inferioribus ovalibus.

Dorsum abdominisqwe latera fusca lineis nigris gracilibus

undata. Scapulares nigro-undatae, ad apicem nigrae.

Ptila, pteromataqwe superiora fusca, his fascia lata ferru-

ginea apicali marginatis ; inferiora alba. Remiges fuscae

;

speculo violaceo-viridi, fascia media nigra, apicali alba.

Uropijgiiim, caudieque tcctrices viridi-nigrae. Rectrices

fuscae, albido-marginatae, duabus mediis nigris, laterales

longitudine excedentibus. Pedes lutei, membrano in

medio nigro.

Longitudo corporis, rostro incluso, 15| ; rostri ad frontem 1 j^^,

ad rictum 2^-^; alae a carpo ad remigem secundam 8j;
tarsi \\.

F(EM. Rostrum plumbeum dertro fusco. Caput gutturqne

albide ferruginea, isto nigro-lineato, hoc parce nigro-

sparso. Pectus, dorsum, uropygium, abdominisque latera

fusca ferrugineo-marginata. Abdomen subtus album.

Rectrices mediae fuscae, lateralibus baud longiores. Alee,

pedesque ut in mare.

Longitudo corporis, rostro incluso, \5\; rostri ad frontem

1
/(J,

ad rictum 2 ; alec a carpo ad remigem secundam 8j

;

tarsi I2V
In Mus. nost.

The male of this species was first described bj' Mr. Pennant
in his British Zoology, under the name o( Bimaculated Duck,
and introduced as an inhabitant of the British Islands in the

following words:—"Taken in a decoy in 1771, and commu-
nicated to ine by Poore, Es(j. * " The same bird was
afterwards described and figured by Dr. Pallas in the Acta
Htockholmiensia for 1779 as a native of Siberia, fre(|uenting

lake Baikal and the river Lena ; and was named by him
Anus glocitans. On the authority of Mr. Pennant f the species

has
• Linn. Trans, vol. ii. p. 60.'J.

f 1 take Mr. Pcimuiit's authority (see Arctic Zoology, p. 575,) tor ileter-

mining that his Btniiicu/uted Dwic and the Anan ftluvitfim of Dr. F^allas are

the $an)e species. From the figure given in tlie Artn Slocl;liolmu nsia, I could

.3 I 2 scarcely
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has subsequently been included among the Birds of Great
Britain by writers on British Ornitliology ; but no further ac-
count has reached us of tlie specimen alluded to by that dis-

tinguished naturalist, nor has it been ascertained whether it

was preserved after it was communicated to him. The speci-

mens of both male and female, from which I have taken the
above description, v, ere sent up from a decoy near Maldon in

Essex, to Leadenhall-market, in the winter of 1812-13. Here
they were observed by a respectable naturalist *, who imme-
diately })urchased them and set them up. From his collection

they have subsequently passed into mine. There can be little

doubt of the two birds being sexes of the same species. They
agree in all the essential particulars that serve to identify the
species of this family; their biU, legs, imd feet exactly accord-
ing in structure, and the colouring and markings of the specu-

lum on the wings, a distinguishing character among the Ana-
tide^, being precisely the same. We have moreover, in favour
of this conclusion, the negative evidence that the other sex of
neither of these birds has until now been ascertained ; and we
have the ]:)ositive evidence that both these specimens were
taken in the same decoy and at the same time.

The Qiierquedula glocitans, or Bimaculatcd Duck, is readily

distinguished from every other species of the family by the two
ferruginous spots on the cheeks, in conjunction with the form
of its tail, in which the two middle feathers somewhat exceetl

the others in length. Tlie other European species of the
Auatidce, whose tails are elongated, are tlie Anas gladalis,

A. boschas, and the A. acuta of Linna'usf. From the foimer
of these it is at once distinguished by strong generic charac-
ters ; the A. glacialis %, from its lobated hallux, its legs being
thrown behind the equilibrium of the body, and its conse-
quently superior habits of swimming and diving, being placed
at that extreme end of the family which leads off to the true
oceanic birtis, or typical Natatorcs; while the Q. gloc/iaus be-

scarcely 111) self draw tliat coniliisiori ; the roiiml spots on the side of the
head in the former species being superseded by long narrow stripes in the
figure of the btter; while the tail is completely roiwided, the two middle
feathers not being longer than the rest. Mr. Pennant's own figure of this

bird is an excellent representation. J must here notice what apjjcars to be
a slight difference between oar two birds. In the British Zoology the
species is described as having twelve tail-feathers : in my specimens^ both
of male and female, there are sixteen.

* Mr. George Weighton, of Fountain Place, City-road.

t These are the Ilarelda glacialis, Anns liosctins, and D fila acuta of
Shaw's Zoology.

:f
'i"hc Anas nigra, Linn, also has the tail somewhat acute; but, equally

with .1 I'ltcialis, stands at a remote extreme of the family I'rom (^.i^tmi/ans.

longs
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longs to those groups, wliicb, with a free hallux, legs placed

within the equilibrium of the body, and inferior powers of

swimming and none of diving, aflect the neighbourhood of

fresh waters, feed occasionally on land, and as such form part

of the aberrniit subdivisions'of the Natatorial Order. It is

evidently remote from A. boschas, of which the middle tail-

feathers also appear the longest, but which are invariably

curved upwards. While it may also be perceived to hold a

different station from A. acuta, which, although closely allied

to the same group, yet from its long neck and legs is found to

stand at that remote end of it where it is connected with the

Aiiseirs, the next conterminous division of the family. Its

nearest affinity among the European species is to the A. dr-

cia, Gmel., and A. crecca, Linn.*

The appearance of this species in the Bi'itish Islands seems

of rare occurrence ; two instances only of the kind having been

recorded. These most jn'obably are to be attributed to some

extraordinary accident or stress of weather.

LXXII. An experimental Inquiry into the 'Nature of the ra-

diant heating Effects from terrestrial Sources. By Baden
PowEi.L, M.A.F.B.S., of Oriel College, Oaford.f

(1.) 'T'HE nature of the heating effect emanating from hi-

-^ niifiotis hot bodies has been distinctly shown to be,

in many particulars, very different from that evolved from

non-luminous sources ; but the ideas commonly entertained en

the subject are far from being precise and distinct. To gain,

if possible, some ground for establishing more clear views, is

the object of the tbllowing inquiries.

(2.) Professor Leslie, in his well known and elegant expe-

riments (Inquiry concerning Heat, &c., chap, iii.) has fully

established the theory of the effect of screens on radiant heat;

and these effects give some of the most important criteria for

examining the nature of radiating agents.

Those experiments apply only to the heat evolved from a

non-luminous source. It therefore naturally becomes the sub-

ject in (juestion, Whethei- the intcrceptive power of glass is not

limited to a certain temperature, or ytate, of the radiatmg

source : and to this ])oiiit accordingly the attention of several

eminent observers has been directed in many well known in-

vestigations, among whicii those of M. l)e La lloclie are justly

regarded as the most imj)ortant and complete. In these ex-

• Tiic (iiiri'/iir'ln/fi riri-in iiinl (i. ncicii of inodcrri f)niilholoj;i>t^.

f From the I'liiloxjphical 'rriiiisactions lor IH'.Vi. I'ail 1.

pcriments
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periments it apfjears, that a greater effect is produced on a

blackened thermometer when a glass screen is interposed, hi

proportion as the body under trial approaches nearer its point

of Inminositv, or becomes more intensely luminous. (Biot^

Traite de P/it/s. torn. iv. p. 638. Ann. of Philos. O.S. vol. ii.

p. 163.)

Both M. De La Roche and M. Biot (see Biot, iv. 612)

seem disposed to view the results obtained by the former, upon

the supposition of one simple agent, the priiiciple both of light

and heat. This is at first radiated as heat ; at a certain point

it begins to assume the form of light, when the interceptive

power of glass decreases in proportion to the increase of lu-

minosity.

(3.) As long as the hot body continues below the tempera-

ture of luminosity, the partial or total interception of the effect

is precisely the same phaenomenon as that described by Pro-

fessor Leslie in his experiments on screens, and explicable in

the same way. (Phil. Trans. 1816, Part L " On newProperties

of Heat," Prop. 40.) And the apparent transmission of a por-

tion of the effect must be referred to the same principle, as is

clearly shown by Dr. Brewster, who has established, apparently

beyond contradiction, the impermeability of glass to simple

radiant heat upon quite independent principles.

(-t.) Above the temperature of luminosity we must have re-

course to further considerations. The hypothesis of MM. De
La Roche and Biot appears to be nearly the same as that of

Professor Leslie. (Inquiry, p. 162.) And it certainly has the

merit of simplicity and satisfactory explanation of the phse-

nomena. But it is an opinion which has not received direct

proof; and it is also obvious that the phsenomena may be

explained without it; for we may just as well account lor the

facts, by supposing two distinct heating influences, one asso-

ciated in some very close way with the rays of light, carried

as it were by them through a glass screen without heating it

;

the other being merely simple radiant heat, affected by the

screen exactly as the radiant heat from a non-luminous body.

(5.) In order to ascertain which of these suppositions is

true, it will not be sufficient to observe the effects produced

by the intervention of a screen alone. We must combine this

method with an examination of the relations of different sorts

of heat to surfaces. These relations have been shown to dif-

fer according as the body is luminous, or not : in the one case,

the direct heat affects bodies in proportion to the darkness of

their colour, without regard to the texture of their surface ; in

the other, the magnitude of the effect depends solely on the

absorptive textnre, without reference to colour. I use the term
" absorptive
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" absorptive texture," to signify that peculiar state of" division

in the particles of the surface, which has been shown by Pro-
fessor Leslie and others to be most susceptible of the influence

of simple radiant heat, and always to give a proportionally

greater radiating power.

The question then is entirely one of facts, and involves no
hypothesis as to the nature either of light or of heat. The
object is simply to ascertain by experiment, whether, of the

total heating effect radiated from a luminous hot body, the

portion intercepted by a transparent screen is of the same
nature as, or different from, the part transmitted in its rela-

tions to the surfaces on which it acts.

(6.) In conformity with this view of the object proposed,

the general principle of the following experiments is this

:

taking different luminous hot bodies, to expose to their influ-

ence two thermometers, presenting one, a smooth black sur-

face, the other an absorptive white one ; thus obtaining the

ratio of the total direct effect on the two, we may compare it

with the ratio similarly observed when a transparent screen is

interposed.

(7). ThLs principle of experimenting was applied with one
or two variations ; and though in the abstract sufficiently sim-

ple, it will in practice require an attention to several consider-

ations. I shall therefore proceed in the first instance to the

detail of the different particulars ; then give the results of the

experiments in a tabular form ; and lastly, recapitulate the

conclusions and make a Cew general remarks.

I. (8.) In the following set of experiments two common
thermometers were employed. The diameters of their bulbs

were, thermometer A, O'fi inch. ; B 0*55. A was coated with

a wash of chalk and water, and B with Indian ink.

In order to compare the effects to be observed with those

of simple radiant heat, I ascertained the ratio of the effects of

the latter on the two bulbs thus coated, by a few preliminary

trials, and found it to be very nearly one of ecjuality, or per-

haps, the effect of the white rather greater than that of the

black.

'i'he two thermometers were graduated to quarters of centi-

grade degrees; and were both fixed on one mounting, with

their bulbs detached about one inch from its lowest pait, and at

the distance of about tiiree quarters of an inch from each other.

(9.) In the 2d set of experiments they weie fixed into the

top of a box, the front of which was open, so that the glass

screen could be applied to it or not, as required. When the

screen was not used the box would accjuire more heat, and
radiate it to the bulbs in a small degree; which afli'cting (hem

in



iiO Mr. B. VoweW's expet-ii/u'/itul Inqui)y into the Nature

in the inverse ratio of their diameters, would diminish the

ratio of their risings. That this diminution was very trifling,

and not at all sufficient to account for the observed difference

of ratio will be evident, becau:^e the 1st set was made without

employing the box, the thermometers being suspended at a

distance from any object which could radiate heat to them ;

and in this set the difference of ratio is quite as conspicuous.

This remark applies likewise to the possible communication
of heat by the air.

(10.) We must also take into consideration the effect due
to the glass screen. When we consider the two bulbs as

heated only by that part of the radiation which is transmitted

through the screen, the screen may be regarded simply as a

third body placed near the two bulbs; and whether it pos-

sesses a higher or a lower temperature, there will be a ten-

dency to bring all three to an ecjuality in proportion to the

difference of temperature, and in the bulbs, dependent on their

diameters modified by the state of their surfaces. This effect

arises from simple radiant heat ; whilst that derived from the

luminous hot body, is evidently following a different law with

regard to the surfaces. It will easily follow, from what has

been already shown, that such a secondary heating eflect will

be of a kind tending to diminish the ratio otherwise obtaining;

between the effects on the two bulbs. If the effect were of a

cooling nature, the same thing would also take place ; for I

ascertained that the radiating jjowers of the coatings em-
ployed, deduced from the observed rates of cooling, were in a

ratio which happened to be almost exactly the inverse of that

of the diameters ; but this effect is probably always small ; and
I have roughly allowed for it, as will be seen immediately;

taking the temperature of the screen by a small thermometer
having its bulb in contact with the central part of the surface.

II. (11.) I now proceed to state the results, which will be

most conveniently exhibited in a tabular form.

1st Set. Incandescent iron. Distance 7 inches.

Glass
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No Screen.

Ml

Experiment.
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Incandescent iron. No Screen.

*6

c
0)
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(15.) In these experiments it will be evident upon inspection
that the ratio of the effects produced on the white and black
bulbs is in every instance considerably greater, when they
were affected only by that part of the total heating influence
which is transmitted through a transparent screen, than when
they were exposed to the whole. This then would indicate,

that on the removal of the screen some new heating power was
brought into action, which affected the ratio by the addition
to each of its terms, of quantities in a ratio expressed by that
of the difference of the exposed and screened results above
given. This ratio is evidently one differing a little from equa-
lity, and agreeing nearly with that of the diameters of the bulbs
inversely.

(16.) The experiments now detailed will probably be con-
sidered sufficient to substantiate the conclusion; but in re-

searches of this kind, where great numerical precision is unat-
tainable, it seemed desirable to give the experiments that con-
firmation which they wanted in point of intrinsic accur-acj', by
frequent repetition and variation. With this view I made a
great number of trials with a large differential thermometer

:

the bulbs were about one inch in diameter, and nearly three
inches apart. The bore of the tube was about yoth of an
inch. Many of the experiments made with this instrument I

shall not mention, as, although all agreeing to confirm my
former conclusions, they were complicated by several unne-
cessary conditions.

(17.) In order to obtain results in the most simple manner,
it was desirable to get rid of any action on one of the bulbs,

and to expose only the other; the instrument thus acting sim-

Ely
as an air-thermometer. The effects on each bulb, one

eing painted with Indian ink, and the other coated with white
silk pasted on, when exposed, might thus be compared with
those through a glass screen. I first tried the experiment by
placing the bulb in the focus of a spherical tin reflector about
six inches diameter: by this means the source of heat could
be placed at a sufficient distance to preclude any effect from
the glass screen.

. (18.) The experiment was again varied by placing a large
opake screen before the instrument, in which was an aperture
througii which one bulb might be exposed. To this aperture a
piece of glass could be applied. Each bulb was presented both
with and without the glass.

(19.) In all these experiments it is evident, that any heating
effect arising from the screen would tend to diminish the ratio

of the black and white effects ; and this not being allowed for

in the statement of the result, the difference between this ratio

3 K 2 and
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and that of the exposed effects will be in reality greater than

appears.

The results are comprised in the following table

:

(20.) Lamp. Bulb in the focus of a reflector. Coatings,

white silk and Indian ink.

Experi-
ments.
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III. (25.) I liave above adverted to all the sources of error
which occur to me as likely to have affected these results ; and
when these are taken into consideration, as well as the nature
of the experiments and apparatus, the accordance with the dif-

ferent results exhibited is perhaps as close as we can expect

:

and it appears that all the different sets of experiments agree
in showing a very considerable difference in the ratio of the
effects produced on a smooth black and on an absorptive white
surface, by that part of the radiant effect transmitted through
glass, and by the total effect. If the total direct effect were
the result of one simple agent, the intervention of the glass

would, by intercepting some part of it, produce no other alte-

ration than a diminution of intensity; the ratio of the two
effects would remain unchanged. This distinction appears to

nie of some importance towards clearing our ideas respecting

the nature of the phsenomena, and thus affording an answer
to the question originally proposed in reference to some theo-

retical views, which, though boasting the sanction of high au-
thorit}'^, will be untenable if the validity of these i-esults be ad-
mitted.

(26.) The general conclusions from all these experiments
may be thus recapitulated :

1st. That part of the heating effect of a luminous hot body
which is capable of being transmitted in the way of direct ra-

diation through glass, affects bodies in proportion to their

darhiess of colour^ without reference to the texture of their

surfaces.

2nd. That which is intercepted produces a greater effect in

proportion to the absorptive nature of texture of the surface,

without respect to colour. These two characteristics are those

which distinguish simple radiant heat at all intensities.

Thus then, when a body is heated at lower temperatures, it

gives off" only radiant heat stopped entirely by the most trans-

parent glass, and acting more on an absorptive white surface

than on a smooth black one.

At higher temperatures the body still continues to give out

radiant heat, possessing exactly the same characters. But
at a certain point it begins to give out light: precisely at this

point it begins also to exercise another heating power distinct

from tlie former,—a power which is capable of passing di-

rectly through transparent screens, and which acts more on a
smooth black surface tiian on an absorptive white one.

(27.) This last sort of heat, whatever its nature may be, is

essentially different from simple radiant heat. It appears to

agree very closely with what the French ))hil()sophcrs term
calorique tianincux, and is, according to Prolessor Leslie's
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theory, a conversion of light into heat. These views of the

subject are certainly gratuitous assumptions. We have no

right whatever to identify those two agents, or to suppose that,

because a heating effect very closely accompanies the course of

the rays of light, the light is therefore converted into heat : but

the theories above alluded to seem to regard the voltole heating

effect of a luminous body as of this latter character. In this

particular, the present inquiry has led us to an essential dis-

tinction ; and if the experiments are to be relied upon, this

peculiar sort of heat constitutes only a part of the total effect.

These results do not indeed present so simple a theory as that

alluded to, but they apply very obviously to the explanation

of many phaenomena recorded by various experimenters.

(28.) The peculiar heat above spoken of, and which for the

sake of distinction and brevity we may call "transmissible

heat," is similar to that which acts in the solar rays, and which

there constitutes the total effect. It is this kind of heat which

has been employed as a principle of photometry, on the as-

sumption that it is precisely proportional to the intensity of

liorht. Within certain limits this may be the case ; but there

are unquestionably circumstances under which the relation is

very different; such, for example, as difference of colour in

the light : and in general it cannot be assumed to hold good
in light from different sources. To show this, there is a re-

markable instance in incandescent metal, which produces but

very faintly illuminating raj'S, j-et its " transmissible heat" is

very considerable. I have repeatedly tried the experiment with

a small " photometer," having one bulb painted with Indian ink

and the other plain : the bulbs being in a vertical line, this in-

strument, whether employed with or without its case or a glass

screen, always gave an effect of about 10° in 30" at eight

inches distance from a ball of iron heated to the brightest point

in a common fire.

(29.) In making these last experiments, the effect was al-

ways greater when the instrument was used without its case or

a glass screen. This was no doubt in part owing to the

greater action of the simple heat now admitted to the instru-

ment on the coated than on the plain bulb ; but it was also in

part occasioned by the circumstance, that the stem going to

the upper bulb passes in contact with the lower, and being a

solid mass compared with the thin bulb, is slower in acquiring

heat, and therefore cools it,—thus increasing the apparent effect

on the other.

(30.) In a variety of other experiments which I have tried,

using either this " photometer," or another having the bulbs

at equal heights, various apparent anomalies presented them-
selves ;
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selves ; all which I found easily explained on the principles here

established of two radiations, when connected with the various

other considerations to which it is necessary to refer when

employing instruments of this description : but I do not con-

ceive it necessary to enter into any further details.

LXXIII. On the Osteology of Reptiles, and on the Geological

Position of their Fossil Remains. By M. Le Baron G. Cu-

vier*.

MY work has necessarily resolved itself into a sort of trea-

tise on comparative osteology, since I have been con-

stantly obliged to bring under consideration, together with

fossil bones, those of living species ; nor could I have detected

the differences which exist among them, otherwise than by

employing figures and detailed descriptions for this purpose

:

but every labour devoted to the ascertainment of the diffe-

rences in the productions of nature leads to the developement

of their particular relations ; and, indeed, the reader will have

had no difficulty in perceiving that, notwithstanding the so

greatly varied proportions which belong to these bones, and

notwithstanding the exterior forms (often of so extraordinary

a description) which hence result, there exists nevertheless,

throughout the mammiferous tribes, a sort of common or uni-

versaf plan, a composition nearly the same, and of a nature

to enable us always to recognise each bone, by means of its

use and position, through the whole of the metamorphoses un-

der which it passes, and in spite of the difficulty presented in

this recognition by the enlargements or diminutions of size

which it may have undergone. Thus, in the figures of the

heads which we have given, may be traced, from Man to the

Whale, the frontal bones, the parietal bones, the bones of the

nose, in a word, the whole of the parts constituting of the

cranium and face, with very few exceptions ; such as the

absence of the lachrymal bones in some species, and per-

haps the inter-parietal in others. The remaining apparent

differences in the number of the bones arise in general from

the greater or less promptitude, or perfection of continuity,

• From the author's Rccherches sitr Ics Osscmens Fossifcs, vol. v. part 2.

—We hope to present our readers, in continuation of this article (which con-

tains the preliminary observations on the fossil remains of reptiles,) with a

series of translations from the same work, respecting the Saurian reptiles,

illustrated with engravings. M. ("uvier's Memoirs on the Osteology ot

livin" and fossil Llepliunts, (another interesting branch of Ins work,) h;ive

alrca'dy been given in the Fliilosopliical Magazine, vols, xxvi.—xxx.—Kbit.

with
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with wliich they unite, and effect the obliteration of the sii*

tures which distinguish than. It is thus that tlie parietal, in

the aduk, appeal's sometimes simple, sometimes double, and

even triple or quadruple, when we include the inter- parietals

which always run into union with it, &c.* But in examining

the animal at a period nearer its birth, these anomalies are

found to disappear ; and in the foetus itself, or, in general, up

to that period in which all the bones are as yet distinct, we
find a normal number, the same in every species,—with, as I

have just observed, some very rare exceptions.

It would be a curious question to ascertain whether this

analogy is sustained in the other classes of the Vertebrata, and

whether the differences which, in this respect, they present,

depend solely upon the epochs at which their bones unite :—
whether Reptiles, for instance, which always preserve in their

cranium many more sutures than the mammiferous tribes, are

to be considered, in this respect, as Mammalia in a state ana-

logous to the foetal state ;—whether Birds, which in their in-

fancy have as many sutures as Reptiles, but which, when they

approach the adult state, have often fewer than the Mammi-
fera, are, on the contrary, to be considered in this respect as

Mammalia passing more rapidly from one state to the other,

and advancing still further with relation to this particular cir-

cumstance the union and coalition of their bones.

M. Geoffroy Saint-Hilaire has been among the first who
have entei-ed upon this beautiful problem ; and upon several

points he has been most successful. I have also treated of

it at various opportunities in my lectures ; and I have given on

those occasions in which the order of my publications have de-

manded it, some extracts derived from my researches upon

this interestmg subject f : it has, however, become the object

* N.B. It is on account of this constancy with which the inter-parietals

unite at first with the parietals, before the latter join themselves to the oc-

cipital, that I now persist in assigning to them this appellation, which I had

long since given to them; and against which it does not appear to me that

the objections of several anatomists have been of a nature to entitle them
to prevail.

-|- I do not pretend to contest with any one of the authors who have

written upon this subject the merit of the observations which they have

published : but it is my duty to protest against the affectation with which some
have cited, and still continue to cite, only my Lemons d"Anatomic, published

in 1800 by M. Dumeril, after my course of lectures in 1798; and to assume

the air of taking much pains to reform my opinions, after having them-

selves been witnesses to the innumerable preparations which have been made
by me since that time, and by which more than one of them (be it said with-

out reproach) have profited in their studies. They well knew that these

preparations were already a sort of publication on my part; and it would
perhaps have been just to have cited me from these latter, and not from

some first, essays, which could only be considered as the sketch of a great

plan. of
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of the labours and more uniformly prosecuted publications of

several able anatomists, particularly of MM. Oken, Spix^

Bojanus, Ulrich, Rosenthal, &c.

These writers have not only endeavoured to assign to each
bone in the Oviparous Vertebrata its correspondence with a

bone or a determinate part of a bone in the mammiferous
classes ; but, conforming themselves to the ideal metaphysics

and pantheism called the philosophy of nature, which has for

some time enjoyed a considerable rejiutation in Germany,

—

and the language of which, as is usual in that country, the

positive sciences have found themselves constrained at the mo-
ment to adopt,—they have endeavoured to discover in the head

a representation of the whole body, because, in general, the

principles of this philosophy require that each part, and each-

part of a part, should represent the whole.

It is thus that M. Oken (in his Programme on iheSignifica-

tion of the Head, Jena 1807) has quitted hold of the analogy

which exists in several respects between tiie species of rings

which form the bones of the ci'anium and those of the verte-

bras, in order to view the cranium itself as a compound of three

vertebrae *
: and carrying his researches through the several

portions of the head, for the purpose of ascertaining the re-

presentations offered by them of the several parts of the whole

body,—he has viewed in the cranium, considered separately,

the head of the head; in the nose, the thorax of the headf

;

in the maxillaries, the superior and inferior extremities, or the

arms and legs J.

It will be readily comprehended that, with a little imagina-

tion, there could be no great difficulty in extracting through

the medium of a principle so elevated, and moreover separated

. from

• The body of the anterior spheroid represents the body of the first, its

orbital wings the lateral portions of the ring, and the frontal parts the spi-

nous apophysis: this is the oculccr vertebra :— the second or vmxillary ver-

tebra is similarly represented by the posterior spheroid, by its temporal

wings, and by the parietals; and the third, or auricular vertebra, by the os.

basilarc, the lateral occipital, and superior occipital.

t The thorax of the head is composed of the vomer, the palate, the

ethmoid and n:isal bones. The cornets of the nose are the lungs ; never-

theless, the nasal cavity is a sort of prolongation of the cerebral cavity;

and the nos6 a brain subject to the vascular system. 'I'he smell, which is

exercised through the medium of the air, is, in the author's view, n tho-

racic sense ; and this is the reason why no vertebra is appropriated to )Xa

use, as in the case of the hearing, the taste, and the sight.

J The two halves of the superior maxilla represent the two arms; the

0« (juadratum (0.1 earre) is the onioplate, the os ptcrygoides, the clavicle;

the OS jugalc, the arm ; the os maxillare, the hand ; the intermaxillary, the

thumb ; and the teeth, the other finf^cTn. The inferior maxilla, which in the

Ovipara is coinpov«(l o( seven Ivme*, will easily furnish similar indications;

Vol. 6.7. No. 326. Jiuir 182.5.
'

3 h but
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from facts by so great a distance, applications very different

from the above, and even much varied among themselves.

Accordingly we find, since 1811, that M. Meckel (in his

Materials for Comparative Anatomij, vol. ii. paper 2, p. 78)

appropriates the ethmoid for the body of a vertebra, of which

the frontals would form the annular part; and represents the

temporals as another vertebra, of which the body would be

divided into two parts {les rockers) by the forced introduction

of the body of a third (the os basilare*).

The ethmoidal vertebra has been since adopted as a fourth,

and added, under the n£.me of olfactive vertebra, to the three

established by M. Oken, by M. Bojanus in 1818, in the 3d

number of the Isis, and, in 1821, in the Parergon of his large

and beautiful work on the anatomy of the Tortoise.

M. Spix, in his great work on the composition of the head,

entitled Ceplialogenesis, and published in 1815, holds to the

division of the three vertebrae of the cranium, but departs

widelv from the views of M, Oken relative to the bones of the

face.

Representing to himself the os hyoides, the scapula, and

the socket, with the extremities attached, as three circles of

pieces of a similar nature, he re-discovers them in the face,

attached in the same manner to the three vertebrae of the cra-

nium. The bones which compose the nose represent to him

the hyoidal and laryngial apparatus f, and those of the two

maxillae the two ordinary extremities, but with a distribution

of relations quite different from that of M. Oken J.

It

but here the oscarre serves as an os iUium, as it had before served, in the

superior maxilla, to represent the omoplate. In what follows, tlie real

omoplate is considered as nothing else than the amalgamation of ribs,

which would otherwise have been the appendices of the five last cervical

vertebrce.

The OS styloides is the sacrum, and forms with the os hyoides a cavity

for the reception of the aliments, another being in like manner appropri-

ated for their expulsion ; and the mouth is to the abdomen what the nose

is to the thorax. The lips are the instruments of touch proper to the head,

as the fingers are those of the trunk.
* The zygomatic apophysis of the temporal bone would form the arti-

cular or oblique apophysis of this third vertebra ; the os styloides, its trans-

verse apophysis or rib; and the os hyoides, its sternum.

+ The OS planum represents, according to these definitions, the cricoides
;

the cribriform plate, with the crista galli, the arythenoidcs ; the superior

nasal cavities, the trachea; the inferior, the bronchise; the os unguis

corresponds to the thyroides ; and the caruncula lachrymalis, to the thymus;

the bones of the palate, to the body and cornua of the os hyoides.

\ The bones of the nose answer to the sternum ; its cartilages to the

xyphoides : the omoplate corresponds to what I call the posterior frontal

;

the clavicle to the os malae. The shelly temporal is analogous to the

OS illium ; the small bones of the ear represent the pubis ; the cradle of the

tympanum
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It is probable that if other anatomists have sought for this

representation of the entire body in the head alone, they may
have imagined other relations, and it is by no means my inten-

tion to follow them in this branch of their researches.

The circle in which I confine myself is akeady vast enough
to admit of our taking widely different routes, according to

the point from which we may each set out. This desire of
finding a representation of the body has constrained some
authors to assign to a particular bone, in Reptiles or in Fishes,

a denomination which they probably would not otherwise have
thought of; and a predilection for discovering the osseous parts

and proportions in a uniform number, has been the means of

forcing others into deviations not less strange. When their

calculations were foiled in the investigation of those bones in

which it seemed natural to expect they might be exhibited,

they found themselves necessitated to have recourse to the

neighbouring ones; sometimes to admit of singular transfers,

returnsj and conversions, more or less complete, without re-

gard to the innumerable organs and soft parts which it would
be necessary to displace and otherwise to dispose of, in order

to connect a single bone in one situation with another near it;

—to insert, for example, a part belonging to the sternum be-

tween two other parts belonging to the os hyoides, or to efl^ect

such other transposition as might bear to be explained as a

simple formation.

The examples of these varieties of ideas, already very nu-
merous, relative to the Reptiles, ofwhich I shall have to speak,

might have been multiplied almost infinitely, if the limits of
my work had permitted me to follow these anatomists and
their sagacious emulators into the class of Fishes, and to

discuss solel}' the several opinions which they have proposed
on the constituent parts of the opercula*, and on the os hj--

oides.

tympanum is the ischium ; llic condyloiilal apo[)l)ysis, the os femoris ; the

coronoides, the tihia; Sec. Tlic teetli, according to M. Spix, are nothing

else but nails,—an analopy niorc reasonable than that invoked by M. Oken :

the alveoli are what represent the phalanges, &c. &c.
" In 1800, M. Antenrieth (in the Zootomical ylH««/.s of Wiedunian, vol. i.

paper 2, p. 47 et seq.) considered the operculum as resulting from the divi-

sion of the thyroid cartilage.

In 1807, M. Geoffi-oy (in the 10th vohifiieof the Ann. du Mn.t.) supposed
that the opercula were the parietals detached from the cranium.

In 1817, M. de niainvillc(//«//^/)H/V//A»H(.) endeavoured to establish that

the pre-opercidum is the os jiigale, and that the three oilier (lortions repre-

sent those «liich are generally found in the inferior maxilla of birds and
reptiles, over and above what are found in that of fishes. M. (ieoHroy o|)-

posed tothis, in 18lH(in his yV/i/avr);)//(V/fH«/()7/»V/»^), the jawof a lepisostens,

wiiich had been preserved b> me, and which is i|ijile as complicated as that

of any reptile, although the Icpiso^tens is l'^lrni^llcd with opercula as com-
;5 L .' pictc
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oides*. I have at least endeavoured, in the prosecution of my
labours, to avoid that description of error which is so often

engendered by a preconceived theoreticiil opinion. I pretend

not to discover a constant and unvarying number of component
parts, nor the representations of parts remote from the head:

I do not even pretend that the bones of the head must always

be absolutely the same in each genus ;—bxit I strive to ascertain

the point to which their correspondence reaches, and the

limits by which it is bounded. For this purpose I commence
with the individual animal of the oviparous class, which (at

least as regards the head) presents the most sensible relations

to the mammifera, or to some individuals of that class:—this

is the Crocodile. I describe what bones it possesses which

are analogous to ours : and to establish the conclusion, I con-

sult not only their position, but also the nruscles which are at-

tached to the part, and the nerves which pass through it, &c.

I freely state what are the bones which cannot be brought

within the precinct of the analogy : and I do the same thing

with respect to the other genera :—1 indicate where a bone, a

foramen, a sixrface, a suture, seems to depart from the rela-

plete as diose of any other fish. Nevertheless, in this same year (1818)

M. Bojamis presents the same idea in the 3cl number of the Isis, without

having been acquainted with the memoir of M. de Blainville; and M. Oken
bestows upon it his unqualified assent, as a thing, he observes, as certain as

it is new.
In 1815, M. Spix had conceived the idea of determining the analogies

of these parts of the opercula to the small bones of the ear; but in 1810

he was acutely criticized upon this subject by M. Ulrich, who regarded

them as the representatives of the omoplate. This, however, did not pre-

vent Mr. Geoffroy in 1818, in his PhihsophieAnafoniique, from arriving, on

his part, at an opinion pretty closely allied to that of M. Spix, although he

was unacquainted with this author's work. These two authors do not al-

wavs arrange these bones in the same manner : the malleus for instance, ac-

cordiuf to M. S))ix, is the pre-operculuni ;—according to M. Geoffroy it is

the inter-operculum, &c. Lastly, AI. Weber in 1820, in his dissertation De
Awe Hominis et Animalium, has advanced another opinion quite new;
which is, that the small bones which in certain fishes are attached between-

the cranium and air-bladder, are rigorously allied, by their functions, as well

;\s being sometimes found similar in form, to the small bones of the enr in

quadrupeds; an opinion which, sustained by new evidences in the Isis of

1821, is completely adopted by M. Bojanus in his Parergon.
* M. Autenrieth in 1800, in the same memoir in which he considers the

opercula as a division of the larynx, considers the branchial rays as carti-

lages of the ribs, and the osseous branches which carry them he considers

as formed by the os hyoides and some parts of the sternum. M. Geoffroy,

on his part, in 1807, and without any knowledge of the lahoursof M. Auten-

rieth, conceives ideas possessing a very close resemblance to the above,

which he has developed more in detail in his Philosophic Anatomifjue, and

which constitute the foundation, and afford the starting-point, of his theory

of the branchial apparatus,

lion
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tion in question ; and I mark where it appears to present anew
the same relation. Having no occasion to display things

other than they are, I employ neither those vague propositions

nor those figurative expressions by which I might deceive

myself, as has happened to so many other individuals of the

strictest integrity of mind : and if, by these means, I arrive not

at such brilliant results, I flatter myself that I tread a more so-

lid path.

Witli respect to the head, it is, as I have above observed,

upon tlie Crocodile that I have found it necessary to insist the

most ; for, tlie bones of this animal once named, we find it

easy to name those of the Tortoises, the Lizards, and the greater

part of the Serpents: but a new and more difficult study be-

comes necessary in considering the Batracian tribes.

The bones of the shoulder and the sternum must be stu-

died, especially in the Lizards, in which they present the great-

est degree of complication.

In regard to the os hyoides, it is among the Batracians that

it possesses the most importance ; since it there furnishes us

with the means of forming clear ideas upon that of Fishes; on
whicli subject numerous and very diversified systems have been

conceived.

Upon this point, I trust that the facts adduced in this part

of my work, and especially the successive simplification and

ultimate disappearance of the auricular apparatus, as well as

the gradual development of the hyoidal apparatus, in the Ba-

tracians, notwitlistanding the presence of a larynx and a ster-

num, will lead us back to the former views,—those which I

have constantl}' announced,—that the bones of the ear do not

re-appear in osseous Fishes in the form of opercula ; that the

branchial apparatus, in order to present the complication

which characterizes it, has no need of completion by means of

intercalary sternal, laryngial, or costal pieces; and, finally,

that the opercular apparatus is one which is in itself special,

and proper to the species in which it is discovered.

I will here add but one word on the other parts of the body
;

which is, that the particular sections which constitute each

part, so far from being multiplied like those of the head, have

not, in the infant state, those productions at their extremities

which we call epiphyses.

In the Crocodiles and Tortoises, the extremities of the bones

and their principal eminences arc overlaid or surrounded

with cartilages, which harden and ossify with age; but in which

there is not formed, as in the Mamniifera, an osseous kernel,

.separated for a time i'rom the bone itself, or from the diapliy-

sis, by n suture ; a circumstance (he more remarkable, from

tlie
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the Lizards, especially the Monitors, having well-marked

epiphyses appended to their long bones.

It is in each genus, after having thus studied and brought

as far as practicable under genei'al rules the osteology of

living reptiles, that I pass to the examination ofthe fossil bones

most analogous ; and in this part of my labour I am equally

led into considerations of a much more extended nature than

had been suggested by investigating the osseous structures of

the Mammifera.
The Mammalia, as they are the last, so they are the most

perfect products of creative power.

The existence of Reptiles commenced much earlier : the

vestiges of these latter are imbedded in formations of a more
ancient date, and the naturalist is obliged to follow their re-

mains through strata of greater depth.

It has been seen, in my preceding volumes, that beyond

comparison the greatest number ofviviparous quadrupeds have

left vestiges of their bones in the last alluvial beds or in ca-

verns, or lastly in breaks or openings of rocks, that the sea,

which has flowed over them, has scarcely had time sufficient

allowed it to deposit the traces of its influx ; or at least, that

it has not covered them anew with any solid and regular

beds. Some local formations only, and which appear to be

of a more ancient date, include principally unknown genera,

and are in some places overlaid by marine strata. But in

our calcairc grassier, our calcaire a ccrithcs, we hitherto dis-

cover no other Mammifera than those of the Lea,—Phocae,

Lamantines, and Cetacea. One sole exception, probably the

result of mistake, invades this rule : these are the plastic clay

beds, the lignites which they contain, and some other lignites

contemporary with these, in which bones, incontestably those of

Mammalia, are observed ; in which I have indeed found my
Antracotheriums, and some Pala^otheriums, accompanied, as

in our gypsums, with the Trionyx and Crocodile; in which I

have recently recognised the bones and teeth of the Mastodon,
and the jaw of the Beaver*. These beds, these lignites would
be, it is urged, uniformly inferior to our calcaire grassier ; but

this inferiority, were it as well ascertained as it appears doubt-

ful, and were it true that lignites and their containing strata

of two distinct epochs have not been confounded together, we

• I owe tiie communication of the fragments of tlie Mastodon to the

roant Vitalicn Borromeo, of Milan, and that ofthe jaw of the Beaver to my
Bcientific friend M. Brongniart. AH these remains are derived from the hg-

nites of Morgen. It is Professor Muissiier, of Bern, who appears to have
been the first to discover in tlicin tlic existence of fossil bones.

should
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should still be obliged to niaintain that strata (which it is on
all hands agreed are incumbent upon chalk) are most ancient
where they present the remains of Mammifera,—that the chalk
is hitherto found to contain absolutely none,—and that in the
older strata these remains still less exist ; while, nevertheless,
chalk and also the greatest part of those older strata, even to
the great coal formation, abound, in certain localities, with
Tortoises, Lizards, and Crocodiles, species which are, on the
contrary, exceedingly rare in the superficial beds.
We ascend then, to another age of the world,—to that age

in which the earth was as yet traversed only by the cold-
blooded reptiles,—in which the sea abounded in ammonites,
belemnites, terebratulae, and encrinites,—and in which all
these genera (at this day subjects of prodigious rarity) formed
the mass of its population.

This is that age which geologists have named the epoch of
the secondary strata. It would perhaps be appropriate to the
nature of our work, here to enter upon an enumeration of these
strata, and a description of their nature and superposition,
similar to that which we iiave already given ofthe tertiary strata
in our second volume, with relation to the bones in our plaster
quarries at Paris : but this task has been so fully accomplished,
(and by geologists better located than we are for effecting it,)

that we cannot do better than to refer our readers to the excel-
lent works which have recently appeared upon this subject. It
is not, in fact, in the canton which we inhabit, but on the other
side of the vast circumference of chalk which surrounds us,
that the secondary strata present themselves in sufficient re-
lief to be commodiously studied : it is between the chalk and
the primitive strata that they ascend into day ; and Germany
on the one side, and England on the other, are the two thea-
tres in which it has been possible to verily their succession, and
to form a history of them in some degree complete.
Werner commenced by this study the great reform which

he has introduced in geology; and the more extended re-
searches of his pupils, and principally of MM. de Buch and
de Humboldt, have brought this work to the greatest state of
perfection. The results have been faithfully presented, in
our language, in the work of M. lionnard, entitled Apcrfu
Geognoslique des Tenains ; and M. de Humboldt has recently
presented them anew, with still further details, and an ex-
tended series of observations, as remarkable for their excel-
lence as for their novelty, in his Essni Geo<!;nostique sur le Gise-
meiil des Roches. A series of analogous observations has been
followed up with great perseverance in England by the mem-
bers of the Geological Society of London; and the disposition of

those
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these formations, such as it exists in that country, was pre-

sented, in 1816, ia the tables of Mr. Buckland, and in 1822

in the excellent work of Messrs. Conybeare and Phillips, en-

titled Outlines of the Geology of England and Wales.

It therefore only remains to establish upon a more certain

basis the concordance and harmony of the different systems

of formations observed by one and by the other ; and it is to

this point that the united efforts of observers constantly tend,

and to which they will ere long conduct us.

In the mean time I may refer, during the sequel of the pre-

sent researches, to the two principal vi'orks above cited,—that

of M. de Humboldt, and that of Messrs. Conybeare and Phil-

lips; and it is to these I shall direct the attention of my read-

ers for the proofs of the respective positions of the fossils of

which I am about to treat.

As in my history of the bones of the Mammifera, so in the

present, the order which I shall observe will be neither en-

tirely geological nor entirely zoological.

I commence with the Crocodiles, because it is their osteology

which serves as the point of departure, and because their

bones are found in the greatest number of formations, and are

recognized therein with the greatest degree of facility.

The Tortoises next follow, whose size has caused them to

be noticed in numerous localities, and who, by the osteology

of their head, as well as by many details of organization, ap-

proximate at least equally with the Crocodiles to the class of

Mammifera.
The Lizards will be included in the third chapter; and will

offer to us extraordinary conformations, worthy of our utmost

attention.

It will be in my power to give but little space to the bones

oi Serpents and those of Birds, which are but rarely met with

among fossils ; but I shall treat in detail the Batracians, not

merely on account of the remarkable species of this family

which has long been taken for a fossil human skeleton, but also

because it is in their anatomy that the greatest number of

errors have been committed, and the greatest number of sup-

positions and systems void of foundation entertained. Never-

theless, this anatomy is among the most important, since it is

what conducts us to the explication of that of Fishes.

It is after having thus studied the osteology of the still ex-

isting families of Reptiles that I pass to the examination of a

lost family—one more extraordinary perhaps than any of the

whole of those alluded to in my work ;—of those Ichthyosauri

recently discovered in England, and in which are united cha-

racters so singularly combined, that from the aspect of some
of
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of their parts we are tempted to confound them with the Ce-

tacea or the Fishes ; and it is only by a knowledge extended

into the entire of their skeleton that we are enabled to con-

vince ourselves of the necessity of classing them with the

other I'eptiles.

It is with those I shall terminate the eighth and concluding

part of my book, reserving for consideration in a future work,

should my health and occupation permit, the subject of the

fossil bones of Fishes.

LXXIV. Notices respecting Neiv Books.

Recently/ published.

THE Third Part of the Philosophical Transactions for

1824 has just appeared; with Part I. for the present

year. The former contains.

Observations of the apparent distances and positions of 380

double and triple stars,made in the years 1821, 1822, and 1823,

and compared with those of other astronomers ; together with

an account of such changes as appear to have taken place in

them since their first discovery. Also a description of a five-

feet equatorial instrument employed in the observations. By
John Frederick William Herschel, Esq. F.R.S., and James

South, Esq. F.R.S. This paper occupies above 400 pages.

Part I. for 1825 contains the following papers

:

On the effects of temperature on the intensity of magnetic

forces ; and on the diurnal variation of the terrestrial magnetic

intensity. By Samuel Hunter Christie, Esq. M.A. of Trinity

College, Cambridge, Fellow of the Cambridge Philosophical

Society : of the Royal Military Academy. Communicated by

the President.—The Croonian Lecture : On the existence of

nerves in the placenta. By Sir Everard Home, Bart. V.P.R.S.

—Observations on the changes the ovum of the frog, under-

foes during the formation of the tadpole. By Sir Everard

lome, Bart. V.P.R.S.—A general method of calculating the

angles made by any planes of crystals, and the laws accord-

ing to which they are formed. By the Rev. W. Whewell,

F.R.S. Fellow of Trinity College, Cambridge.—Explanation

of an optical deception in the appeai'ance of the spokes of a

wheel seen through vertical apertures. By P. M. Roget,

M.D. F.R.S.—On a new photometer, with its application to

determine the relative intensities ofartificial light, &c. By Wm.
Ritchie, A.M. Rector of the Academy at Tain. Communi-

cated by the President.—The description of a floating colli-

mator. By Captain Henry Kater, F.R.S.—Notice on the

Iguanodon, a newly discovered fossil reptile, from tlie sand-

Vol. 65. No. 326. June 1825. 3 M stone
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stone of Tilgate Forest, in Sussex. By Gideon Mantell,

F.L.S. M.G.S. &c.—An experimental inquiry into the nature

of the radiant heating effects from terrestrial sources. By
Baden Powell, M.A. F.R.S. of Oriel College, Oxford.

No. I. oi Annulosa Javanica ; or. An Attempt to illustrate

tlie Natural Affinities and Analogies of the Insects collected in

Java by Thomas Horsfield, M.D. F.L. & G.S., and depo-

sited by him in the Museum of the Honourable East India

Company. By W. S. MacLeay, Esq. M.A. F.L.S. &c. &c.

This work, which is intended to contain systematic descrip-

tions of all the Insects collected by Dr. Horsfield in Java, is

to be published in numbers. The species are to be arranged,

as nearly as possible, according to their natural affinities; and

in order to make this, the important part of the science, more
clear, the descriptions are to be interspersed with such leading

observations on the economy and anatomical structure of the

families, as may render the work interesting to naturalists in

general, as well as to the entomologist.

The second number is now in progress for publication, and

will contain the whole oftheColeoptera having luliform larvae.

The Insects described are arranged in the Museum of the

Honourable East India Company, where it is stated they may
be inspected under the regulations established at their library.

We shall have to recur to this valuable and interesting work
in a future number, as it contains much that is of great im-

portance to those who take an interest in general views of

Natural Arrangement.
Part I. of Dr. Alex. Jamieson's New Practical Dictionary

of Mechanical Science, embellished with many hundred en-

gravings on copper and wood.

Preparingfor Publication.

Mr. G. Poulett Scrope has in the press A Treatise on Vol-

canoes, and on their Connexion with the History of the Globe

:

in one octavo volume, to be illustrated by plates and numerous
ensravinffs on wood.

LXXV. Proceedings ofLearned Societies.

ROYAL SOCIETY.

'X'HE following papers have been read during the present
-* month

:

June 2.—Microscopical observations on the materials of the

brain, ova, and testicular secretions of animals, to show the

analogy that exists between them. By Sir Everard Home,
Bart. V.P.R.S.

June 9.



Linncean Society. 439

June 9.—Description of a method of determining the direo
tion of the meridiim. By John Pond, Esq. F.R.S. Ast. Roy.
—Further researches on tlie preservation of metals by electro-

chemical means. By Sir Humphry Davy, Bart. P.R.S.
At this meeting, MM. Bessel, Encke, Chaptal, Fresnel, and.

Brongniart, were electedforeign members of the Society.

June 16.—On some new compounds of carbon and hydro-
gen, and on certain other products obtained during the de-

composition of oil by heat. By M. Faraday, F.R.S.—Ac-
count of the repetition of Mr. Arago's experiments on the

magnetism developed in various substances during the act of

rotation. By Charles Babbage, Esq. F.R.S. and J. F. W. Her-
schel, Esq. Sec. R.S.—Experiments on magnetism produced
by rotation. By S. H. Christie, Esq. M.A. F.R.S.—On the

annual variation of some of the principal fixed stars. By John
Pond, Esq.—Description of an improved hygrometer. By
Mr. Thomas Jones. Communicated by Capt. Kater, F.R.S.

—

On the nature of the function of mortality, and on a new mode
of determining the value of life contingencies. By Benjamin
Gompertz, Esq. F.R.S.

The Society then adjourned to the 17th of November
next.

LINN.EAN SOCIETY.

June 7.—Some communications were read from Lieut. J.

H. Davies, and Charles Wilcox, Esq. relative to a species of

Mitylus {M. bide?is) found in great quantity adhering to the

bottom of H. M. ship Wellesley, built at Bombay, and which
has been lying in Portsmouth harbour ever since 1816. It seems

to be quite naturalized there, and to propagate abundantly.

Also a paper On the crepitacula and organs of sound in

oi'thopterous insects ; and particularly in the Loaisia camelli-

folia, a description of which is subjoined. By the Rev. Lans-

down Guilding, B.A. F.L.S.

June '21.—Read, A descriptive catalogue of the Australian

birds in the cabinet of the Linnaean Society. By Thos. Hors-
field, M.D. F.L.S., and N. A. Vigors, Esq. I^'.L.S. In the

introductory remarks, the writers express their confident ex-

pectation that the deficiency of our knowledge of the habits of

the birds of Australia may be in great measure supplied by

the exertions of Mr. MacLeay during his residence in that

country, for which he is shortly about to depart.—Read also,

A notice on a peculiar property of a species of Echinus. By
E. T. Bennett, F.L.S. Communicated by the Zoological Club

of the Linnavin Society.

3 M 2 (;r:o-
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May 6.—A paper was read entitled " A brief description

of an extensive hollow or fissure, recently discovered at the

quarries near the extremity of the Western Hoe, Plymouth ;"

by the Rev. Richard Hennah.
In this communication the author describes an extensive

hollow or cave in the limestone rocks near Plymouth, in which

no remarkable bones have yet been discovered, but in which
stalactites are particularly abundant. Mr. Hennah offers some
remarks on the various causes and circumstances which have

contributed to give to these stalactites their different shapes

and compositions.

A paper entitled " On a dyke of serpentine, cutting through

sandstone in the county of Forfar;" by Charles Lyell, Esq.

Sec. G.S. was read in part.

May 20.—The above paper was concluded.

In the former part of this paper, the rocks which are ex-

posed on the left bank of the Carity, a small river in Forfar-

shire which descends from the mica-schist district of the

Grampians into Strathmore, are described. The first of these

is a clay-stone porphyry ; next to it is a conglomerate contain-

ing quartz pebbles; and then strata of fine-grained micaceous

sandstone and shale dipping to the south, and which are sud-

denly cut off at an angle by the serpentine. These strata of

sandstone and shale form part of a great series which overlies

the clay-slate, to which it immediately succeeds ; and is older

than the great conglomerate of the old red sandstone, which
hes immediately upon it. The serpentine is vertical, and is

well characterized. It contains in part A'eins of asbestos, and
in parts diallage, and a large mass of hypersthene. On the

other side of this dyke of serpentine, which is 90 yards thick,

fine-grained sandstone and conglomerate again appear, and
slip away from the serpentine towards the south. Next to these,

a mass of serpentine is seen mixed with dolomite, and at its

side altered sandstone and a conglomerate in which the quartz

pebbles are split and re-united by ferruginous matter. Lastly,

at a short distance a dyke of greenstone parallel to the serpen-

tine occurs, flanked on both sides by vertical masses of sand-

stone and conglomerate much altered and indurated, and
charged with brown spar.

Mr. Lyell next describes the I'ocks on the right bank of the

river, which resemble those on the left, with one exception, viz.

that the great dyke of serpentine seems to be connected with

the mass of dolomitic serpentine, a thin bed of fine-gi'ained

greenstone alone intervening, and the sandstone and conglo-

merate,



Geological Society. 4'61

merate, which appeared between them on the opposite side,

being absent.

In conclusion, the author traces this dyke of serpentine,

pursuing its course in a direct line to the N.E. and S.W. of

the locality in which it occurs on the Carity. It is found re-

curring at intervals for the space of at least fourteen miles from

the bridge of Cortachie to Bamff, near Alyth, in Perthshire. It

is always unconformable to the strata through which it passes,

and its course is never interrupted by any other rock.

A notice was then read. On the serpentine of Predazzo

;

by J. F. W. Herschel, Esq.

In this communication the author mentions that at Canzocoli,

near Predazzo, in the Tyrol, where a junction is seen of a

gi-anite-form sienite with dolomite, a layer of serpentine is

found to intervene between the sienite and the dolomite.

The dolomite dips at an angle of 50° or 60= beneath the

sienite, and near the junction an alternation takes place in its

mineralogical character ; as it presents, instead of its usual

highly crystallized saccharine structure, a flaky and very

talcose appearance. The incumbent sienite is no less affected.

Its grain is smaller, and it is intersected with innumerable

veins parallel to the plane of junction, of a white mealy sub-

stance, which partly dissolves with effervescence, and partly

gelatinizes with nitric acid. In the midst of this white substance

occurs the thin lamina of serpentine, which is extremely well

characterized. The whole of the transition from the sienite

to the dolomite takes place within a diickness of about 18

inches or 2 feet.

A notice was read. On carbonate of copper, occurring in

the magnesian limestone at Newton Kyme, near Tadcaster

;

by William Marshall, Esq. M.G.S.

The green carbonate of copper, found by the author in a

large cjuarry of magnesian limestone near Tadcaster, runs

through the limestone in thin veins, dipping to the west, the

dip of the limestone being in the same direction, but at a less

angle. At Farnham, a small village two miles N.W. of Knares-

borough, which is also in the magnesian limestone, a conside-

rable quantity of copper was formerly obtained : and these are

the only two instances in which Mr. Marshall has heard of

any of the ores of copper having been found in the magnesian

limestone.

June 3.—A paper was read, entitled " Remarks on qua-

druj)eds imbedded in recent alluvial strata ;" by C. Lyell, Esq.,

Sec. G.S.

In a former communication to the Society, the author had

stated that he had found it dilHcult to explain the circumstances

under
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under which the remains of quadrupeds were very generally

found imbedded in the shell marie in Scotland, often at con-
siderable depths, and far from the borders of those lakes in

which the marie is accumulated.

These animals must have been drowned when the lakes

were of a certain depth. Their bones are found in the marie,

unaccompanied by sand or gravel or any pro<;fs of disturbing

forces. From the shape of the surrounding land in some in-

stances, it appears that floods could not have swe])t them in

;

and from the occasional absence of rivers flowing into others,

they could not have been washed in by them.
The author therefore suggests that they were lost in attempt-

ing to cross the ice in winter, the water never freezing suffi-

ciently hard above the springs to bear their weight, and springs

abounding always in those lakes in Forfarshire and Perthshire

in which marie is deposited.

The skeletons of some of the animals found in the shell

marie in Forfarshire are in a vertical position, but some are
not The same circumstance has been remarked with regard
to the elks occurring in the marie in the Isle of Man. Of these

facts Mr. Lyell offers the following explanation.

Cattle which are lost in bogs and marshes sink in and die

in an erect posture, and are often found with their heads only
appearing above the surface of the ground. "When therefore

a lake in which marie is deposited is shallow, the quadrupeds
which fall through the ice sink into the marie in the same
manner, and perish in an upright posture, but when the lake

is deep and the animals are dead before they reach the bottom,
they become enveloped in the marie in any position rather

than the vertical.

HORTICULTURAL SOCIETY.

May 2.—The Anniversary of the Society, the President
(Thomas Andrew Knight, Esq.) in the Chair. The following
were chosen officers for the ensuing year.

President: Thomas Andrew Knight, Esq.— Treasurer:
John Elliot, Esq.

—

Secretary : Joseph Sabine, Esq.

—

Assistant
Secretary : Mr. John Turner.
The following gentlemen were elected into the vacancies in

the Council.

The Duke of Bedford ; Alexander Seton, Esq. ; Mr. James
Young.
The following Members of the Council were appointed Vice-

Presidents for the ensuing year.

The F-arl of Aberdeen ; John Elliot, Esq. ; Robert Henry
Jenkinson, Esq. ; Alexander Henderson, M.D.

May 3.
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May 3.—A paper was read on the construction of pine
pits worked by steam. By Mr. William M'^Murtrie.
May 1 7.—The following papers were read : Description of

a grape-house adapted for early forcing, by Mr. A. Wilson.
—Description of American fruits, of which trees have been
transmitted to the garden of the Horticultural Society of Lon-
don, by Mr. Michael Floy of New York.—On the cultivation

of strawberries, by the President.

ASTRONOMICAL SOCIETY OF LONDON.
June 10.—The reading of Mr. F. Baily's Introduction to his

new Tables for determining the apparent places of about 3000
fixed stars was resumed and completed. This copious intro-

duction commences with a historic sketch ofthe most important
tables which have hitherto been published for similar purposes

;

none of which, however, are so extensive as the tables to which
the present paper is introductory. They comprehend, first,

all stars, not less than Xhejifth magnitude, wherever situated
;

secondly, all the stars, not less than the sixth magnitude, si-

tuated within 30° of the equator ; thirdly, all the stars, not less

than \.\\Q.seve7ith magnitude, situated within 10° oiihe ecliptic.

After a few general observations, Mr. Baily speaks, in suc-
cession, of the distinct topics of aberration, a7inual jnecession,

and yititation ; exhibiting the analytical formulae which have
been proposed for the computation of their respective values

at any time (past, present, or future) ; assigning the reasons
for the adoption of those values of the consta7its which he has
preferred ; and so transforming the several formulae, as to fa-

cilitate and effect their reduction into one class, of comparative
simi^licity, which forms the basis of the tables themselves.

Thus the total corrections for right ascension and declination

respectively, assume the forms

A«=Aa + Bi + Cc + D</
A 8 = A a' + B ^>' + C c' + D i'

where the quantities denoted by o, h, c, d, and the accentuated

a', b', c', d% are constant for each star, while the quantities

A, B, C, D, are common to every star. The quantities A, B,

are rendered equally constant for all the stars by the assump-
tion of a fictitious year, commencing at that moment when the

sun's mean longitude at Greenwich at mean noon on Jan. 1 is

281°; which is, theretorc, assumed as tho tabular date ; and
the mode of adopting it to the current date is explained.

The autlior then explains the arrangement and use of the

tables. The general catalogue of the stars is arranged in the

order of the right ascensions, and reduced to Jan. 1, 1830. The
left
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left hand page is confined to the light ascensions^ the right

hand page to the declinations. Col. 1, on the left hand, ex-

hibits the numbers of the stars. Col. 2, the names ,- to which

are prefixed Flamsteed's numbers, and the letters of the alpha-

bet, by which they are usually distinguished. Col. 3 denotes

the magnitudes of the stars. Col. 4, the right ascensions, in

time, for Jan. 1, 1830. Col. 5, the annual precession in time.

The remaining columns contain the logs, of a, b, c, rf, each

previously divided by 15 to reduce them to time.

On the right hand page. Col. 1 is the same as Col. 1 on the

left hand. Col. 2 exhibits the declinations of the stars for

Jan. 1, 1830. Col. 3 the annual precession. Cols. 4, 5, 6, 7, the

values of a', b', c\ d'. Tlien there are two columns headed B
and P, denoting the corresponding numbers in the catalogues

of Bessel and Piazzi respectively ; while the last column is re-

served for those which are to be found in Hevelius, Lacaille,

Mayer, Zach, &c.

There are several subsidiary tables, which Mr. Baily also

succinctly explains ; and he further developes the pi-inciples

of correction for proper 7notion, &c. when necessary.

The general rule for the use of the tables is this : viz. Take

out from the general catalogue, and opposite the given star,

the logarithms of a, b, c, d, and a, b', c, d', with their proper

signs; and from the subsidiary Tables I. and II. opposite the

given day, the logs, of A, B, C, D, with their proper signs ;

which must be written down under the preceding logarithms :

then add each pair A, a; B, b, &c. ; together ; and take out

respectively the natural numbers corresponding to the sum of

the two logarithms ; and (observing that the signs only affect

the resulting natural numbers) incorporate them by addition

or subtraction accordingly ; the amount will be the total cor-

rection required ; that arising from a, b, c, d, being the cor-

rection in /R ; that from a', b', c', d', the correction in decli-

nation. Thus, the whole of the corrections are obtained with-

out a reference to any other work, except a small table of

logarithms.

The tables are arranged to mea7i solar time, which, it is

presumed, will extend their utility. And it may be observed,

that, by way of artificial memory, to facilitate the recollection

of the precise subject to which each column refers (as in B
for Bessel, P for Piazzi, already mentioned), Mr. Baily has

made A B represent the quantity by which the Aberration is

determined, C the quantity by which the preCession is deter-

mined, and D that by which the Deviation (or Ntitntion) is

determined. These contrivances, though avowedly subordi-

nate, will not be despised by those who know how much the

pursuits
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pursuits of scier^ce are at all times promoted by the intro-ductionofa happy technical mnemonics

After the reading of this elaborate and interestino- nanerthe Society adjourned to Friday the 1 1th of Novembe'r next.

'

ROYAL ACADEMY OF SCIENCES OF PARIS
March 14.-M. Deyeux made a report on the means for

rffica'cTouf ) M M"rh'^
(these means 'are neither novel nor

snecHv^ -^r^-; ^'^^r^"
^^''^ an account of a work on Per-spective, and of Its application to surveying and to military in-vestigations which M. Boscary, an officer in the Seryservice, had presented in December last. The autlmi wlu

duS'thp'r^
contnn:e his researches.-M. de Humboldt con-cluded the reading of his memoir on some physical pha^nomena

presented by the C<.rdillera of the Andes If Quko 3 the

Se mT 1-
'^' I^"-^J-y-'—M. Cuvier read a memoir onthe Mynpristis, a new genus of fish of the family of thePerches, remarkable by the connexion of its swimming-blad!

der and of its ear._M. Auzout presented a specimen'of ar-
tificial anatomy M. Babinet read a memoir on a new methodof discovering the masses of the planets.
March 21.—The Academy received the following works in

^^TnuT'-
'^^'"?'7" the composition ofnew wate?-cements,and on the general theory of mortars, by M. Girard ; Trea^

tise on the hyper-archisophic and the olo~palingenic calculus,by an anonymous writer
; New arrangement of the animakingdom, by M. Lamouroux.-M. de^Humboldt presented anew vertical section of the south of Germany and of France,

extending from the Black Forest to Paris, founded on a
barometric levelling by MM. d'Ogelausen, La Roche, andDecheux, engmeers du Corps dcs Mines of Prussia —MCauchy made a report on a memoir by M. Brisson, entitled,'New researches relative to the integral calculus of partial
differences

: 1 he conclusions of this report were not adoptedby theAcademy._M Cuvier read a mem(,ir on the fresh-water
fishes of India, which have the faculty of living a long time
out "f ^ater; and on the organs from which they derive this
iaculty.~M. Guillemain read a memoir on the pollen of plantsand on the generation of vegetables.
March 28.-M de Humboldt presented to the Academy,m the names of MM. Noeggerath and Bischof, a specimen of

meteoric iron, weighing SlOOpomids, found on the summit of
a hill at B.tburg, near Treves. This mass contains nickel
and sulphur, but ncitlier chrome nor carbon*.— M. G. de St.

• -VIM- NVggcratirs aiul Hiscliof's memoir en this mass forms the firstarticle of our present N.mihcr.— Edit
Vol.65. No.32f,-. June 1825. 3 N Hilairc
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Hilaire exhibited the head of a monstrous colt, foaled two

days before at the Royal School of Alfort.—M. Gaudin, of

Nantes, presented a memoir on the nature of negative quan-

tities.—M. TrauUe read a sketch on the Deluge, on its conse-

quences, and its producing cause ; and on the occurrence in

the north of the two continents of the bones of animals be-

longing to southern climates.

LXXVI. hitelligence and Miscellmieous Articles.

ASTRONOMICAL INFORMATION.

pROFESSOR SCHUMACHER, whose whole time seems
-- devoted to the promotion of astronomy, has recently

published a woi-k which will be highly useful to astronomers

in general. It may be recollected by most of our readers,

that the French Government published in 1801 a work con-

taining fifty thousand observations of stars, made at the Ecole

Militaire in Paris, by Lefran9ois Delalande, nephew of the

celebrated Lalande, between the years 1791 and 1801, with

a quadrant having a radius of 7^ feet. About 12,000 of these

stars have been reduced, and published at various times in

the volumes of the Connaissance de Terns ; but the remainder

have been of little or no use to astronomy, on account of the

labour of determining the corrections necessary to be applied

to bring them up to a given epoch. This labour is saved by
means of the work in question. It is entitled Tafeln zur Re-
duction der in der Histoire Celeste entJialtenen heobachtungen,

in one small volume octavo. The plan was first suggested

)y M. Bessel in the Astron. Nachrichten, No. 2 ; and has been
executed by Messrs. Hansen and Nissen, under the direc-

tion of M. Schumachei'. The rule for the reduction is very

simple ; being nothing more than the addition of three quan-
tities found in the tables, and which are taken almost by in-

spection. So that a person may, in a very few seconds, re-

duce any of the observations to the common epoch 1800.

The work is dedicated to the Astro?wmical Society ofLondon.

NEW COMET.
M. Gambart, director of the observatory at Marseilles, dis-

covered a small comet in the head of Cassiopca on the morn-
ing of May 19th. It appeared as a nebiila of about 2' in dia-
meter ; round, and well defined. Its right ascension at that

time was O*" 20"", and its declination 48° 22' north. On June
1st, about midnight, its right ascension was P 51"*, and its

declination



Heights ofPlaces.—Hyana Caves.—Hedgehog. 467

declination 73° 29 . So that its motion in declination ap-
pears to be about 2° per day. We do not find that it has
yet been seen in this country.

HEIGHTS OF PLACES IN PREANG (jaVa) REGENCY. MEASURED
BY M. REINWARDT.

English feet.

Buitenzorg 865
Megamendon 4,848
Salak 7,172
Gede . 9,075
Pontjak Karang (dist. of Tjihea) 2,774
Patocha (dist. of Tjisondarie) 7,407
Tonibak Rasijong (ditto) 6,291
Village of Tjiwednij (ditto) 3,572
Northern Peak of Tiioe (dist. of Banjaran) . . 5,425
Southern Peak of ditto (ditto) 6,034
Kampong Lamadjam (ditto) 3,169
Kampong Malabar (ditto) 3,363
Mountain of ditto (ditto) 6,621
Village of Banjaran (ditto) 2,534
Kampong Marajon (dist. of Tjiparay) .... 3,035
Kanpong Nenkellen (ditto) 3,742
Head of the Tjitarum river (dist. ofManahaija) . 4,645
Sumbong (ditto) 5,593
Tjikaraha (ditto) 4,017
Goenong Goentoer (dist. of Timanganten) . . 6,085
Telaga Bodas (dist. of Wanaradja) 5,497
Village of Trogong (dist. of Timanganten) . . 2,350

Verhandel. v. het Batav. Genootschap.—Asiat. Journ.

HYAENA CAVES IN DEVONSHIRE.

Professor Buckland has lately examined two caves in De-
vonshire, in both ofwhich he found, in a bed of mud beneath a
crust of calc-sinster, gnawed fragments and splinters of bones,

with teeth of hyajiias and bears. There were no entire

bones, except the solid ones of the toes, heels, &c,, as at

Kirkdale, which were too hard for the teeth of the hyaena.

They appear simply to have been dens, but less abundantly
inhabited than that of Kirkdale. In the same cave, Pi-ofessor

Buckland found one tooth of the rhinoceros and two or three

only of the horse.

—

Kditi. Phil. Journ.

CUUIOIJS ANECDOTE OF A HEDGEHOG.

The following curious circumstance, witnessed by Professor

3 N 2 Buckland
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Buckland, is related in a paper on the Habits of Animals, by
Mr. Broderip, in the Zoological Journal, No. V.

Having occasion to suspect that hedgehogs, occasionally

at least, preyed on snakes, the Professor procured a common
snake [Coluber natrix) and also a hedgehog which had lived

in an undomesticated state some time in the Botanic garden
at Oxford, where it was not likely to have seen snakes, and
put the animals into a box together. The hedgehog was rolled

up at their first meeting : but the snake was in continual mo-
tion, creeping round the box as if in order to make its escape.

Whether or not it recognised its enemy was not apparent ; it

did not dart from the hedgehog, but kejit creeping gently

round the box ; the hedgehog remained rolled up, and did not

appear to see the snake. The Professor then laid the hedge-
hog on the body of the snake, with that part of the ball where
the head and tail meet downwards, and touching it. The snake

proceeded to crawl,—the hedgehog started, opened slightly

—and, seeing what was under it, gave the snake a hard bite,

and instantly rolled itself up again. It soon opened a second
time, repeated the bite, then closed as if for defence ; opened
carefully a third time, and then inflicted a third bite, by which
the back of the snake was broken. This done, the hedgehog
stood by the snake's side, and passed the whole body of the

snake snccessively through its jaws, cracking it, and breaking
the bones at intervals of half an inch or more ; by which ope-
ration the snake was rendered entirely motionless. The hedge-
hog then placed itself at the tip of the snake's tail, and began
to eat upwards, as one Vvould eat a radish, v.'ithout intermission,

but slowly, till half ofthe snake was devoui'ed, when the hedge-
hog ceased from mere repletion. During the following night

the anterior half of the snake was also completely eaten up.

EXPLANATION OF AN OPTICAL DECEPTION : BY DR. ROfiET.

A curious optical deception takes place when a carriage-

wheel, rolling along the ground, is viewed through the in-

tervals of a series of vertical bars, such as those of a palisade,

or of a Venetian window-blind. Under these circumstances
the spokes of the wheel, instead of appearing sti aight, as they
would naturally do if no bars intervened, seem to have a con-
siderable degree of curvature. The distinctness of this appear-
ance is influenced by several circumstances presently to be
noticed ; but when every thing concurs to favour it, the illusion

is irresistible, and, from the difficulty of detecting its real

cause, is exceedingly striking.

The degree of curvature in each spoke varies according to

the situation it occupies for the moment with respect to the

perpendicular
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perpendicular. The two spokes 'A-hich arrive at the vertical

position, above and below the axle, are seen of their natural

shajje, that is, without any curvature. Those on each side of

the upper one appear slightly curved ; those more remote, still

more so: and the curvature of the spokes increases as we fol-

low them downwards on each side till we arrive at the lowest'

spoke, which, like the first, again appears straight.

The most remarkable circumstance relating to this visual

deception is, that the convexity of these curved images of the

spokes is always turned downwards on both sides of the wheel

;

and that this direction of their curvature is precisely the same,
whether the wheel be moving to the right or to the left of the

spectator.

In order to discover a clue to the explanation of this phasno-

menon, it was necessary to observe the influence which certain

variations of circumstances might have upon it ; and the fol-

lowing are the principal results of the experiments 1 made for

this purpose. ^

1. A certiiin degree of velocity in the wheel is necessary to

produce the deception above described. If this velocity be

gradually comnmnicated, the appearance. of curvature is first

perce))tible in the spokes which have a horizontal jiosition

:

and as soon as this is observed, a small increase given to the

velocity of the wheel produces suddenly the appearance of cur-

vature in all the lateral spokes. The degree of curvature re-

mains precisely the same as at first, whatever greater velocity be
^iven to the wheel, provided it be not so great as to prevent

the eye from following the spokes distinctly as they revolve
;

for it is evident that the rapidity of revolution maybe such as

to render the spokes invisible. It is also to be noticed that,

however rapidly the wheel revolves, each intlividual spoke,

appears, during the moment it is viewed, to be at rest.

2. The number of spokes in the wheel makes no difference

in the degree of curvature they exhibit.

3. The appearance of curvature is more perfectly seen when
the interval between the bars through which the wheel is

viewed are narrow, provided they are sufHciently wide to allow

of the distinct view of all the parts of the wheel in succession,

as it passes along. For the same reason, the phacnomenon is

seen to the greatest advantage when the bars are of a dark co-

lour, or shaded, and when a strong light is thrown upon the

wheel, 'i'he deception is in like manner aided by every cir-

cumstance which tends to abstract the attention from the bars,

aiul to fix it upon the wheel.

4. If the mnnber of bars be increased in the same given

space, no other difference will result than a greater multiplica-

tion
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tion of the curved images of the spokes ; but if a certain rela-

tion be preserved between the angles subtended at the eye by
the whole intervals of the bars, and of the extremities of the

spokes, this multiplication of images may be corrected. The
distance of the wheel from the bars is of no consequence, unless

the latter are very near the eye, as in that case the apertures

between them may allow too large a portion of the wheel to be

seen at once.

5. If the bars, instead of being vertical, are inclined to the

horizon, the same genei'al appearances result, but with this

difference, that the spokes occupying positions parallel to the

bars are those which have no apparent curvature; while the

curvatures of the other spokes bear the same relations to those

straight spokes, and to each other, that they did in the former

case. When the inclination of the bars is considerable, how-
ever, the images become more crowded, and the distinctness of

the appearance is thereby diminished. The deception totally

ceases when the wheel is viewed through bars that are parallel

to the line of its motion.

6. It is essential to the production of this effect that a com-
bination should take place of a progressive with a rotatory mo-
tion. Thus, it will not take place if, when the bars are sta-

tionary, the wheel simply revolves on its axis, without at the

same time advancing ; nor, when it simply moves horizontally,

without revolving. On the other hand, if a progi-essive mo-
tion be given to the bars while the wheel revolves round a

fixed axis, the spokes immediately assume a curved appear-

ance. The same effect will also result if the revolving wheel

be viewed through fixed bars by a spectator who is himself

moving either to the right or left, because such a movement
on the part of the spectator produces in his field of vision an

alteration in the relative situation of the bars and wheel.

It is evident from the facts above stated, that the deception

in the appearance of the spokes must arise from the circum-

stance of separate parts onlj' of each spoke being seen at the

same moment, the remaining parts being concealed from view

by the bars. Yet, since several parts of the same spoke are

actually seen in a straight line through the successive aper-

tures, it is not so easy to understand why they do not connect

themselves in ythe imagination, as in other cases of broken

lines, so as to convey the impression of a straight spoke. The
idea at first suggests itself, that the portions of one spoke, thus

seen separately, might possibly connect themselves with por-

tions of the two adjoining spokes, and so on, forming by their

union a curved image made up of parts from different succes-

sive spokes. But a little attention to the pha'uomena will show
that
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that such a solution cannot apply to them : for when the disc
of the wheel, instead of being marked by a number of radiant
Imes, has only one radius marked upon it, it presents the ap-
pearance, when rolled behind the bars, of a number of radii,
each having the curvature corresponding to its situation ; their
number being determined by that of the bars which intervene
between the wheel and the eye. So that it is evident, that the
several portions of one and the same line, seen through the in-
tervals of the bars, form on the retina the images of so many
different radii.

The true principle, then, on which this phsenomenon de-
pends, is the same as that to which is referable the illusion that
occurs when a bright object is wheeled rapidly round in a circle,
giving rise to the appearance of a line of light throughout the
whole circumference; namely, that an impression made by a
pencil ofrays on the retina, if sufficiently vivid, will remain for
a certain time after the cause has ceased. Many analogous
facts have been observed with regard to the other senses,
which, as they are well known, it is needless here to particu-
larize.

—

Phil. Trans. 1825.

ENGRAVING ON ZINC.
There has lately been published by Leske the bookseller,

at Darmstadt, the first large work of which the })lates are exe-
cuted in zinc. It is a collection of monuments of architecture,
which will consist of twenty numbers. The work is done on
zinc in the same manner as on stone, and the expense of en-
graving is thus avoided : hence the publisher has been enabled
to sell the number, consisting of twelve folio plates, at five
francs upon common paper. In an economical point of view,
this method, therefore, deserves to be recommended. We see
by the German journals, that M. Eberhard, author of the
collection in question, has recently published a pamphlet upon
the use of zuic, with tiie view of replacing copper-plates and
lithographic stones, for engraving and designing. 8vo, with
10 plates. (Darmstadt, 1824.) Edin.Phil.Jown.

LIST OF NKW PATENTS.
To William Henry James, of Coboiirg Place, Winsori Green, near

Birmingham, engineer, for improvements in apparatus for diving under wa-
ter, and a|)plicable to other purposes.—Dated 31st May 1825.—6 months
to enrol specification.

To .John Harvey Saciler, of Hoxton, Middlesex, muchini.st, lor an ini-
nrovcd power-loom for the weaving of silk, cotton, linen, wool, flax and
hemp, and mixtures thereof—."Mst May.— (i months.
To .Joseph I'Vcderick l.edsam, merchant, and I^enjamin Cook, l.rass-

founder, both of Birmingham, for improvements in the production and
purification of coal gas.- .'Jlst May.— fi monlhs.

To



472 List ofNew Patents.

To Joseph Crowder, of New Radford, Nottinghamshire, lace-net manu-
facturer, for certain improvements on the pusher bobbin-net machine.

—

31st May.—6 months.

To Charles Powell, of Rockfield, Monmouthshire, gentleman, for an
improved blowing-machine.—6 June.—6 months.
To Alfred Bernon, of Leicester-square, Middlesex, for improvements,

communicated to him by a foreigner, in fulling-mills or machinery for ful-

ling and washing woollen cloths, &.c — 7th June.- 6 months.
To Joseph Apsdin, of Leeds, Yorkshire, bricklayer, for his method of

making lime.—7th June.— 2 months.

To Moses Poole, of the Patent-Office, Lincoln's Inn, Middlesex, gentle-

man, in consequence ofa communication made to him by a certain foreigner,

for the preparation of certain substances for making candles, including a

wick peculiarly constructed for that purpose.—Dth June.— fi months.

To .Fohn Burridge, of Nelson-square, Blackfriars Road, Surrey, merchant,
for certain improvements in houses built of brick, or other materials, for

the better ventilation of them, and other buildings.— !)th June.—6 months.
To John Lindsay, of the Island of Herme, near Guernsey, esq. for cer-

tain improvements in the construction of horse and carriage ways of streets,

turn[)ike, and other roads, and an improvement or addition to wheels to

be used thereon.—14th June.—G months.
To William Henry James, of Cobourg Place, Winson Green, near Bir-

mingham, Warwickshire, engineer, for certain improvements in the con-
strue tion of boilers for steam-engines.— 14th June. — 6 months.
To Jonathan Downton, of Blackwall, Middlesex, shipwright, for certain

improvements in water-closets.— 18th June.— 6 months.
To William Mason, of Castle-street East, Oxford street, in the parish

of St. Mary-le-bone, Middlesex, axletree- manufacturer, for certain improve-
ments on axletrees.—18th June.— (5 months.
To Charles Phillips, of Upnor, in the parish of Findsbury, Kent, esq., for

a certain improvement or improvements in the construction of a ship's com-
pass.— 18th June.—6 months.
To George Atkins, of Drury-lane, Middlesex, gentleman, and Henry

Marriott, of Fleet-street, London, ironmonger, for certain improvements
on, and additions to, stoves or grates.— 18th June.—6 months.
To Edward Jordan, of Norwich, engineer, for a new mode of obtaining

power applicable to machinery.— 18th June.— 6 months.
To John Thompson, of Vincent- square, Westminier, and the London

Steel-Works, Thames-Bank, Chelsea, and John Barr, of Halesowen, near
Birmingham, engineer, for certain improvements in producing steam, appli-

cable to steam-engines or other purposes. — 21st June.—6 months.
To Thomas Worthington the younger, and John Mulliner, both of

Manchester, Lancashire, small-ware manufacturers, for an improvement in

the loom or machine used for the purpose of weaving tape and such other
articles to which the loom may be applicable.—21st June.—6 months.
To Ross Corbett, of Glasgow, Scotland, merchant, for a new stej) or

steps, to ascend and descend from carriages, &c.—21st June.—6 months.
Vo Philip Brooks, of Shelton in the Potteries, Staflbrdshire, engraver, for

an improvement in the preparation of a certain composition, and the ap-
))lication thereof to the making of dies, moulds, or matrices, smooth sur-

faces, and various other useful articles.—21st June.—6 months.
To John Frederick Smith, of Dunston Hall, Chesterfield, Derbyshire,

esq., for certain improvements in machinery for drawing, roving, spinning,

and doubling cotton, wool, &c.—21st June.—6 months.

A METEORO-
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INDEX TO VOL. LXV.

J ÎLGEBRAICAL analym, 344
Alluvial strata, 461

Ammonia, formation of, 309
Amphibia, binary arrangement of, 372
Analysis, of the water of Rio Vinagre,

109 ; of indigo, 1 22 ; of gaseous

mixtures by platinum, 269 ; of earth

from Kiihloch cavern, 305 ; of Cau-
casian springs, 307; of meteorites,

405
Analysis, mathematical, on methods of,

344
Anas glocitans, 434
Animals, dichotomous distribution of,

428
Annulosa Javanica, 458
Antimony, tartarized, 396
Arithmetical engine, Babbage's, 207
Asilus of the Romans, 43
Aslronomieal Information, 63, 299, 392,

466
Atmospherical refraction, reply to the

Historical Sketch of the Problem of,

in the Journal of Science, 32
Babbage, (C.) on machinery for compu-

ting mathematical tables, 207
BaUy, (F.) on wooden pendulum rods,

41

Barlow's (Mr.) magnetical discove-

ries, 225
Beer, powder, to make, 398
Berzelius, (M.) on siliciuin, 254
Binary arrangement of nature, 105,

1 83, 372, 428
Binomial Theorem, 322
Biot, (M.) experiments on the pendu-

lum, 12

Bischof, (Dr. G.) on a large mass of

meteoric iron, 401

Books, new, 48, 1^1, 210, 291, 385, 457
Boron, preparation of, 63
Boussingault, Rivero and Roulin, Messrs.

researches of, in South America, 304
Bradley's, (Dr.) observations on refrac-

tions, 107
Bratidy, from potatoes, 226
Breeze, an insect, 45
Bridges, rope, in India, 71

Butter, (H.) on new weights and mea-
sures, 51

C. on secular changes in the solar sy-

stem, 23
Calendar of Flora, Fauna, and Pomo-

na, 73

Calorific rays in the sunbeam, non-ex-
istence of, 10

Carbon, fused, of Prof. Silliman, 283
Carolina, gold mines of, 375
Caucasus, mineral springs of, 307
Chain-bridge, in Russia, 73
Changes, secular, in the solar system, 23
Coal, Mexican, 308
Collimator, floating, Kater's, 52
Comet, new, 466
Compass, celestial, Graydon's, 358
Conybeare, (Rev. W. D.) on the skele-

ton of the P/e«WaMrMS, 412
Copper, magnetic influence of, 317 ; car-

bonate of, 461
Copper mines, British, produce of, 69
Cojuier sheathing, electrical combinations

for preserving, 203
Crocodile of the Ganges, 64
Cross, improved, land-surveyor's, 430
Croton Tiglium, use of, in medicine, 225
Crustacea, a binary arrangement of the,

105, 183
Cuvier, (M.) on the osteology of rep-

tiles, 447
Dalton, (J.) on indigo, 122
Davy, (Sir H.) on the preservation of

the copper sheathing of ships, 203
Dichotomous arrangement of nature,

105, 183, 872, 428
Duck, bimaculated, 434
Earth's figure, (Mr. Ivory) on the, 241
Earth's motion, electric and magnetic

causes of, 179, 290
Earthquakes, in Persia, 64 ; in Sussex,

70; in Iceland, 395; inSicily in 1823,

92, 168
Elborus, Mount, height of, 305
Electricfluid, motion of, 228, 229
Engraving on zinc, 47

1

Eolian Sea, volcanic phaenomena of, 177
Equations, functional, UoC of in geo-

metric investigations, 101

Eudiometer, Docbereiner's, 269
Faraday, (Mr.) on the formation of
ammonia, 309 ; on the crystals of
sulphate of soda, 316

Ferrara, (Abate) on the earthquakes
in Sicily in 1823, 92, 168

Figure and Forces, use of analysis in

investigating, 1 95
France, scientific instruction in, 304
Galbrailh, (Wm.) on the experiments
of the ijendulum, 12

Galvanic rotation, 47
Gcodelical problem, correction of an in-

advertence in, 249
Geological distribution nfrej)tiles, 454



INDEX. 475

Geology, of the South of France, 137 ;

of Sumat)"a, 1 85

Geometri/, new terms in, 289
Gibbs, (Colonel) on native meteoric

iron, 409
Glanders, cure of, 225
Gmelin, (Prof.) on anhydrous sulphu-

ric acid, 315
Gold-mines of Carolina, 375
Goodwyn's (H.) mathematical computa-

tions, 140
Graydon's, (Capt. Geo.) celestial com-

pass, 358
Hamilton, (Dr.) on the plants of India,

and their Sanscrita names, 322
Hare, (Dr. R.) on a product of fused

carbon, 283
Harris's Natural History ofthe Bible, 48
Hatvorlk, (A. H.) on a binary arrange-

ment of nature, 105, 183, 372, 428
Heat, radiating, from terrestrial sources,

on, 437
Hedgehog, 461
Hennel, on white precipitate, 226
Henry, (Dr. W.) on the action of finely-

divided platinum on gaseous mix-
tures, 269

Herapalh, (W. ) on the earth's motion,

179; compensation pendulums, 374
Hcrapatit, (J.) on the Binomial Theo-

rem, 322 ; demonstration of, 432
Humboldt, (A.) on sulphur, sulphuret-

ted hydrogen, and water in volcanos,

108

Hytena caves, 467
Jndigo, properties of, 122

Iron, meteoric, large mass of, 401, 465
Jsland, newly-discovered, 142

Ivory, (J.) on the method of the least

squares, 3, 81, 161 ; atmospherical

refraction, 32 ; table of refractions,

con)p-.ired with Dr. Bradley's, 107 ;

on the figure of the eartli, 241 ; on
a geodetical problem, 249

Jack, (Dr. W.) on the geology of Su-

matra, 185

Java, altitudes of places in, 467

Kalcr, (Capt.) experiments on the pen-

dulum, 12; report on new weights

and measures, 147

JCtngsclerc, geology of, 214
Kirby, (Rev. W.) on the tarsus in Co-

leoptcra, 193, 267
KUhlocli cave, analysis of the earth of,

.305

Lakes, subterranean sulpluirous, 1 1

1

Latitude, found by a perpendicular

transit instrument, 354

Laugicr, analyses of meteorites, 41 1

Least S(juares, method of the, 3, 81, 161

Leeches, medicinal, 317

Lindley, (Mr. J.) on vegetation, an-

swer to, 30

Locomotive action, 250
Lyell, (C.) papers on geology by, 55,

297, 460, 461
MacLeay, (W. S.) on the Oistros or

Asilus, 43 ; on the tarsus of Coleop-
tera, 136, 193, 267

Magnetical discoveries, 225
Magnetic needle, Graydon's compass

for ascertaining the deviation of, 358
Marie formation in Scotland, 55
Marmolite, of Nuttall, 88
Mechanics, lectures for, at Paris, 304
Meikle, (Mr. H.) on calorific rays in

the sunbeam, 10
Meteorology, 78, 79, 80, 151, 153, 160,

234, 240, 319, 398, 400, 473
Mexico, expedition to, 142, 395
Mica, in titanium, 230
Micrometer, Frauenhofer's, 54
Mountains, heights of, 305, 467
Mtimmy, opening of a, 70
Natural History, periodical works on,

52
Nautical Abnanac, table of refractions

in, 37
Navigation, aerial, 128
Needles, magnetic, influence of copper,

&c. on, 317
New Books, 48, 181, 210, 291, 385, 457
New South Wales, astronomical obser-

vations in, 299, 392
Newton s appendix to Euclid, 210
Netvton, (I.) on a surveyor's cross, 430
Nceggeralh, (Dr. J.) on a mass of

meteoric iron, 401, 465
(Estrus of the Greeks, 43
OU of laurel, 220
Olmsted, (Prof.) on the gold mines of

Carolina, 375
Optical deception, 468
Paris's Medical Chemistry, 385
Patents, list of, 75, 152, 2,38, 318, 398,

471
Pcndidum, exi)eriments on the, by Capt.

Kater, M. Biot, &c., 12; on a new
compensation, 374 ; length of, at the

equator, 394
Pendulums, Compensating, 38
Pcrsi^m Gulf, survey of, 229
Peschicr, (M.) method of extracting

titanium from mica, 2CO
Plants of India, .322

Platinum, agency of in the formation

of water, 150; finely divided, action

of on gases, 269
Plesiasaurus, on the skeleton of, 412
Powell, (15.) on radiant heating eflects

from terrestrial sources, 437
Precipitate, while, 226
Pyrites, explosion in a vein of, 66
Qufrijueduta glocitans, 4.14

liail-roads and locomotive engines, 73, 1 43
Itain, locality of, 287
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Bays, calorific, in the sunbeam, 10

BeplUes, osteology of, 447

Refraction, atmospherical, Mr. Ivory

on, 32

Refractions, comparison of Mr. Ivory's

table of, with Dr. Bradley's, 107

Relief, on plans in, 287

Resins, electrical power of, 228

Rio Vinagre, water of, 108

Rivero, (M. de) on the water of Rio
Vinagre,

_
108

Ro^et, (Dr.) on an optical deception,
°

468

Sandstone, red, 67

Saurian animals, 414

Saxifrages, binary arrangement of, 428

Schumacher's Tables, error in, 63; on

finding the latitude by a transit in-

strument, 354

Scolojyaj; Sabini, 433

Selenium, from the pyrites of Anglesea,

65

Sq^timus, on aerial navigation, 128

;

on plans in relief, 287

Serpentine, 460

SzciTi/, earthquakes in, 92,168

Silicium, Berzelius on, 254

Skaiting, and walking, 250

Smith, (M.) on new terms in geometry,
289

Smith, (Sir J. E.) answer to Mr. J.

Lindley on vegetation, 30

Societies, learned. Astronomical, 54, 138,

217, 299, 391, 463; Geological, 55,

136, 214, 296, 460; Royal French

Academy, 59, 140, 223, 301, 393,

465; Linnsan, 54, 136, 214, 295,

390,459; Medical, 219; Horticul-

tural, 138,298,462; Medico-Bota-

nical, 56, 220; Royal, 52, 136, 214,

295, 390, 458 ; Royal Institution of

Cornwall, 57 ; Royal Irish Acade-

my, 219

Soda, sulphate of, 316

Solar si/stem, annual and secular changes

in the 23

SotUh America, researches in, 304

Squire, (T.) on pendulums, 38

Star, falling, seen at mid-day, 394
Steel, engraving on, 421, 426

Steel plates, menstruum for biting-in on,

421

Stockton, (J.) on the locality of rain, 287

Sturgeon, (W.) on the galvanic current,

47 ; on the earth's motion, 179, 290
Sulphur, sulphuretted hydrogen, and

water, pha;nomena of in volcanos

108
Sulphuric acid, anhydrous, 315
Sulphur mountain, 119
2., on functional equations, 101 ; on

analysis, 1 95 ; on general methods
of, 344

Tabanus, 43
Tarsus of Coleoptera, 136, 193, 267
Telescope, Frauenhofer's, 217
Tetramerous and Trimerous Coleoptera,

tarsus of, 136, 193
Thomson s lunar tables, 292
TUloch, (Dr.) obituary of, 134
Titanium, method of extracting, 200

;

in mica, 230
Transit instrument, on finding the la-

titude by means of, 354
Trigonometrical formidce, demonstra-

tions of, 181

Turner, (C.) on mezzotinto engraving
on steel, 426

Turrell, (E.) on engraving on steel,

421
Unicorn,- 64
Vanuxem, (L.) on the marmolite of

Nuttall, 88 ; on the fused carbon of
Silliman, 283

Vauquelin, (M.) on titanium in mica,

230
Vegetation, theory of, 30
Vigors, (N. A.) on Scolopax Sabini and
Anas glocitans, 433

Volcanos, phasnomena of sulphur, sul-

phuretted hydrogen, and water in,

108
Voyage of Discovery, Beechey's, S94
Walrus, pneumatic mechanism in the

feet of, 231
IVard, (L. T.) on Mr. J. Herapath's de-

monstration of the binomial theorem,

432
Weights and Measures, new, 147
Weldons Chemistry, 291
Wooden pendulum-rods, 38, 41
Yates, (Rev. J.) on the geology of the

midland counties, 297
Zenith micrometer, Babbage's, 218
Zinc, engraving on, 471
Zoology of Scotland, 75
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