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I. On the Examination of the Bessemer Flame with Coloured 
Glasses and with the Spectroscope. By J. M. Stuuan, M.E., 
Ad). Prof. of Metallurgy, Lafayette College, Easton, Pa.* 

I. Examination with Coloured Glasses. 

‘fl the Bessemer process the progress of the decarbonization is 
determined chiefly by the appearance of the smoke, flame, 

and sparks which are emitted from the apparatus. Owing to 
the rapidity with which the reactions take place, it is highly 
important to catch the exact moment when the blast should be 
turned off. ‘This is indicated by the colour and brightness of 
the stream of gas issuing from the converter; and by this the 
moment of total decarbonization can generally be accurately de- 
termined by the naked eye. When, however, pig iron of certain 
qualities is used (manganiferous iron, for example)this determina- 
tion is very difficult ; even those who have had much experience 
make frequent mistakes, and find it impossible to produce the 
same quality of steel at every blow. 

In order to intensify these flame-indications, use has been 
made of the spectroscope, and also of various combinations of 
coloured glasses. The former was first attempted by Dr. Roscoe, 
and the latter by Mr. Rowan at the Atlas Works. 

Mr. Rowan experimented with a great variety of coloured 
glasses, and obtained the best resuits by using three glasses— 
two of ultramarine-blue and one of dark yellow. This little in- 
strument (or chromopyrometer, as he terms it) is now in daily 
use at the Atlas Works, its indications being so marked and un- 

* From Silliman’s American Journal for November 1870. 

Phil. Mag. 8. 4. Vol. 41. No. 270. Jan. 1871. Bb 



2 Prof. Silliman on the Examination of the Bessemer Flame 

mistakable as to render its use safe in the most inexperienced 
hands. 

The following experiments were made at the Bessemer Steel 
Works of John A. Griswold and Co., in Troy, while pursuing 
the chemical course in the Winslow Laboratory of the Rensselaer 
Polytechnic Institute. In my observations on the flame, I made 
use of the spectroscope and also of a combination of coloured 
glasses. This combination consisted of two light-yellow glasses 
and a blue one, through which the sunlight appeared of a deep 
purplish-blue tint ; and as it differed slightly from Rowan’s, it 
gave somewhat different results. 

In order to reproduce the appearance of the flame at the dif- 
ferent stages of the process, I prepared a plate consisting of 
about a hundred varieties of colours and tints, all of which were 
numbered, and thus referred to a Table which indicated their 
composition. They were also arranged to be seen with either a 
light or dark background. The use of this plate was of neces- 
sity limited to daylight; but the illustration and description are 
given as occurring at night in order to show its illuminating- 
power. 

At the beginning of the process that which issues from the 
converter does not appear to be a true flame, but only an illu- 
mined stream of gas carrying with it innumerable red-hot pellets 
of iron. This gas has scarcely any illuminating-power, extends 
but a short ence from the mouth of the Bowers and is 
sometimes sheathed with a whitish smoke. Seen through the 
glasses, the flame and sparks have a deep crimson colour, the 
converter is invisible, and at the base of the flame is a crimson 
band which continues throughout the process. 

As the reaction continues, this stream of gas grows brighter 
and more elongated, and after a few minutes a small pointed 
whitish flame appears which suddenly increases in size. At 
this instant the blast-pressure falls from twenty to eighteen 
pounds. 

When viewed through the glasses, the upper part of the con- — 
verter comes dimly into view, and the flame and pellets of iron 
appear of a lighter colour, while the fragments of slag which 
begin to be thrown out are of a deep red. ‘This difference in 
shade between the iron and slag thrown out is probably entirely 
owing to the lower temperature of the latter—for the reason that, 
while the iron is discharged from the metallic bath, the slag is 
washed up on the sides a. the converter, and can be seen cling- 
ing around its mouth in a spongy mass until detached and. 
thrown out by the blast. The greater porosity of the slag and 
its consequent more rapid cooling would also cause a difference 
of temperature. 
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In the second period the discharge of slag increases, and the 
flame is very bright and illuminating with occasional dark 
streaks. Through the glasses at the beginning of this period 
the flame is of an ashy-blue colour with streaks and flashes of 
crimson, the edges being sometimes of a purplish hue. At 
this point surrounding objects are illuminated, and the converter 
becomes distinctly visible. A wreath of crimson is seen sur- 
rounding the flame where it strikes the chimney. By the middle 
of this period the crimson almost entirely disappears from the 
body of the flame, leaving only a slight cone at its base, and a 
border of greenish hue makes its appearance and gradually 
grows more decided. Streaks of a dark blue colour are also 
seen in the body of the flame. 

The beginning of the third period is scarcely indicated to the 
naked eye, though the flame becomes somewhat weakened, and 
after a few minutes shows dark streaks running through it. 
Through the glasses, at the commencement of this period the rose- 
coloured cone begins to expand and deepen, the greenish sheath 
is more decided, while streaks of dark and green are visible. 
After a few minutes the change becomes very rapid, a few 
seconds only being required to reduce the flame from rose- 
colour to the deep crimson non-illuminating gas as at first, and 
again the converter is lost to view, by which time the blast 
should have been turned off. 

The gradual fading of the crimson from the beginning of 
the blow and its deepening at the termination of the process, as 
well as the crimson band at the base of the flame and the 
wreath of crimson surrounding the flame at the chimney, tend 
to confirm Mr. Rowan’s views, which are that the different 
shades of crimson are due to changes of temperature. The 
stream of gas which comes from the mouth of the converter 
at the beginning of the process being illumined from within, 
derives its colour from the metallic bath, the temperature of 
which, owing to the combustion of silicon, increases more ra- 
pidly during this period than at any other. 

The crimson band at the base of the flame and the wreath of 
crimson at the chimney might also be accounted for by this 
theory. The flame rushing from the mouth of the converter 
has a tendency to create a vacuum at its base around the con- 
verter’s edge, and thus to cause a wreath of flame to pass over 
this surface, and by consequent cooling produce the crimson 
band. The wreath of crimson at the chimney may be also due 
to the cooling of the flame consequent upon deflection. 

It is true we have a seeming contradiction to this theory in 
the rose-coloured cone extending from the base at the centre, 
which we should naturally consider the hottest part of the flame ; 

B2 
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but, as in the flame of the Bunsen burner, the hottest part is in 
its outer sheath; the conditions of combustion in both being 
similar, it is probable that that part of the flame occupied by the 
cone is at a lower temperature than that surrounding it. 

The green streaks in the flame are most intense when the 
manganese spectrum is brightest ; and asthe colour of the flame 
when the Spiegeleisen is added is also green, we are led to sup- 
pose them due to the presence of manganese. 

On two occasions simultaneous observations were made with 
the spectroscope and the coloured glasses; but, with the excep- 
tion of that just mentioned, and the changes at the commence- 
ment and termination of the blow, no striking coincidence was 
noticed. 

If. Examination with the Spectroscope. 

The science of spectrum-analysis is yet in its infancy; and 
there has been no scientific investigation, perhaps, which has 
been more contradictory in its results than that of the Bessemer 
flame. The first application of the spectroscope to the analysis 
of the Bessemer flame was made in ]862, by Dr. Roscoe, at the 
works of Messrs. John Brown and Co.,in Sheffield. Soon after 
this it was in constant use in Brown’s works for controlling the 
process. It was next introduced at Crewe, and from there is 
said to have been taken to Seraing, in Belgium, in 1865. 

Roscoe’s account of the general appearance of the spectrum 
has not altogether been verified by subsequent observers. His 
not having seen any line beyond 80° indicates an imperfection 
in his instrument. He also is the only one who claims to have 
seen the sodium-line as an absorption-band, or who professes to 
have detected the lines of nitrogen and hydrogen in the Bes- 
semer spectrum. His spectroscope was so arranged that the 
spectrum of the Bessemer flame was seen in the upper half of 
the field of view, while the spectrum with which it was to be 
compared was seen immediately below. The spectrum of the 
flame was thus compared with the following spectra :— 

1. Spectrum of electric discharge in carbonic-oxide vacuum. 
2. - strong spark between silver poles in air. 
3. ” eB) ” iron D) 
A, “3 i 55 hydrogen, 
5. Solar spectrum. 
6. Carbon spectrum—oxyhydrogen blowpipe supplied with ole- 

fiant gas and oxygen. 

The coincidences observed were very few, and totally failed 
to explain the value of the Bessemer spectrum. The lines of 
the well-known carbon spectrum did not occur at all, either as 
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bright lines or absorption-bands, nor was any coincidence ob- 
served between the lines of the Bessemer spectrum and those 
of the carbonic-oxide vacuum-tube. The lines of lithium, 
sodium, and potassium were strongly marked, and identified 
with certainty. He found that three fine bright lines between 
E and 4, shown on the plate at 664°, 67°, and 674°, coincided 
with those of iron; and in place of the red hydrogen-line C he 
discovered a black band which he considered an absorption- 
band, and states that it is better defined in wet than in dry 
weather. 

In Austria Professor Lielegg followed up this subject with 
great perseverance, and gave more extended accounts of the 
varying character of the Bessemer spectrum during the different 
stages of the process. His experiments were made at Gratz, 
where the spectroscope was afterwards used with great success 
in controlling the Bessemer process; but at Konigshiitte, 
where dark grey manganiferous iron was used, it was found that 
the indications which in other works so plainly determined the 
moment of decarbonization were unreliable. In this case the 
lines, whose disappearance 1s to indicate the exact point of time 
for ending the process, disappear too soon. During the period 
in which the spectrum is brightest, among the glowing vapours 
and gases that stream from the converter, carbonic oxide, next 
to nitrogen, is most abundant; and it is for this reason that 
the first investigator (Roscoe) expressed himself as confident 
that the numerous lines of the spectrum were caused by this 
gas, although he could obtain no coincidence. 

Brunner* states that “no part of the Bessemer spectrum is 
ever visible in the flame when the converter is heated for the 
first time after being relined, but, that when the lining is not 
new, Lielege’s group of green lines (COry) appears in the spec- 
trum, which then contains also the lines of potassium, sodium, 
and lithium,”—from which he concludes that this spectrum is 
not to be identified with carbonic oxide, but must be produced 
by other constituents of pig iron. Others state that the Bes- 
semer spectrum is sometimes visible while the converter is being 
heated after a blow. I made an observation of the flame from 
the converter while it was being heated the first time after being 
relined, and obtained with great distinctness the potassium-, 
lithium, and sodium-lines, but have not under any circumstances 
detected any other lines while the converter was being reheated. 

Lichtenfels, by a series of simultaneous comparisons of the 
manganese with the Bessemer spectrum, found the lines in the 
blue and green fields to completely harmonize in the two spectra. 
The violet manganese-line which had been seen by some he 

* Van Nostrand’s Eclectic Eng. Mag., vol. 1. p. 508. 
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could not detect in either of the spectra. I have never observed 
it; but Dr. Wedding, who has summed up the observations of 
others, states that he has repeatedly seen it. Its position is 
at 1353°. | | 

The instrument used in my investigations was constructed by 
Alvan Clark of Cambridge, and consists of an equiangular flint- 
glass prism, in a metallic box, into the sides of which at the 
requisite angles are screwed an inverting-telescope with a mag- 
nifying-power of six, and a tube containing the adjustable slit 
and lens for rendering the rays parallel—also a tube with a scale, 
which 1s placed at such an angle that it is reflected from the 
surface of the prism through the telescope to the eye; it can be 
so adjusted as to appear along the upper edge of the spectrum. 
I was provided with Bunsen’s plates of spectra on a large scale; 
and in order to adapt them to the scale in my instrument, I 
took the spectrum of the sun and obtained Fraunhofer’s lines 
with great distinctness. Two characteristic lines in the solar 
spectrum were then noted, one of which appeared at 37° and the 
other at 117°, and a space measured equal to their distance apart 
as given on Bunsen’s scale, This was divided into eighty equal 
parts, and the division extended in both directions. By the ap- 
plication of this scale to Bunsen’s, I found that the remainder 
of Fraunhofer’s lines in my instrument exactly coincided with 
their position on his plates. The correctness of the new scale 
was also proved by other coincidences. By moving the prism, 
Fraunhofer’s lines will vary slightly in their relative distances 
apart ; but in no possible position in which I could place the 
prism could [ obtain the sun-spectrum as given by Wedding in 
connexion with the Bessemer spectrum; if the spectrum given 
by him was obtained by the use of bisulphide of carbon in his 
prism, that substance causes a greater variation than I had 
supposed. 

I have recorded the results of twenty-five observations on the 
Bessemer flame, most of which were taken at a distance of about 
thirty feet from the flame, though I have stationed myself at in- 
termediate points between that and the fame, at one time sitting 
so close as to be almost scorched. Nearly all my observations 
were made at night, and the lines obtained much better defined 
than when seen in diffused sunlight. 

The record of my observations was kept as follows :—Five 
columns were ruled, headed— 

| Degree. | Colour. | Brightness. | Time. | Remarks. | 

Note was made of the dark bands as well as the bright ones, both 
of which were classed according to their distinctness, as very 
bright, bright, faint, and very faint. In the time-column was 
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noted the number of minutes after the commencement of the 
blow at which the lines appear. 

At the first two or three observations I attempted to make a 
thorough note of the changes as they occurred throughout the 
whole spectrum, but afterward abandoned it as utterly impos- 
sible, as at the beginning of the second period the lines come in 
so fast and the changes are so rapid that they cannot be accu- 
rately noted at the exact moment of their occurrence. I there- 
fore confined myself to a few degrees at each observation, and by 
this method was enabled to note accurately, and at the exact 
moment of their occurrence, slight changes which otherwise 
might have escaped notice. Note was also taken of the changes 
in the general appearance of the whole spectrum during the 
successive stages of the process. After having made half a 
dozen observations, while viewing the spectrum of the flame 
from the converter while it was being heated for another charge, 
it was discovered that a movement of the eye before the eye-glass 
occasioned a similar movement of the lines of the spectrum along 
the scale, on which their position could thus be made to differ 
more than half a degree. I have seen no notice of this in the 
statements of others ; and it may account for some of the appa- 
rent discrepancies. ‘Thereafter, when taking the readings of any 
of the lines, the position of the eye was so adjusted as to bring 
the sodium-line exactly at 50°. Owing to the extreme brilliancy 
of the flame, the aperture may be made exceedingly narrow, and 
thus the many lines of the spectrum, which with a duller light 
and broader gauge would be blended together, may be separated. 

At the beginning of the blow the spectrum is continuous and 
very faint, and generally extends from 35° to 120°, covering 
about three-fourths of the length attained in the second period. 
This increases slightly in extent and brightness until the ap- 
pearance of the sodium-line. This line appears at the end of 
the first period, at the beginning of a more decided flame. It 
comes flashing through from one extremity to the other for an 
instant, and then disappears, only to return the next instant in 
brighter flashes, which are continued for about a minute, by 
which time the line becomes permanently established. On one 
occasion the sodium-line, instead of flashing and disappearing as 
usual, continued visible after a few seconds, and expanded. and 
contracted in width almost isochronously until it became perma- 
nently established. The appearance of this line indicates the 
termination of the first period. This period I have found to vary 
in extent from three to seventeen minutes in blows lasting from 
thirteen to twenty-seven minutes. None of the other lines make 
their appearance in vivid flashes as does the sodium. The 
hithium-line becomes visible three or four minutes after the first 



8 Prof. Silliman on the Examination of the Bessemer Flame 

flash of the sodium. It is very faint at first, but soon becomes 
quite distinct, and lasts through the blow. The vivid flashing of 
the sodium-line may be accounted for by the exceedingly small 
amount of sodium required to produce its spectrum, an amount 
not exceeding yggo4d0n00 Of a grain. The slightest momentary 
combustion taking place m the stream of gas from the converter 
would at that instant render glowing a sufficient amount of the 
vaporized sodium to produce its spectrum, and thus occasion the 
flashes so characteristic in the first appearance of that line. 
Lithium exists in a much smaller quantity, and requires go5ho00 
of a grain, or thirty times that given for sodium. By the time 
the lithium-line is established the red potassium-line at 235° 
and, occasionally, the violet line at 135° appear, and the blue and 
green fields become divided into bands which are so rapidly re- 
solved into bright and dark lines that it is difficult to note the 
exact time of the appearance of each. ‘The spectrum increases 
to a dazzling brightness, and extends itself in both directions 
until it reaches from 284° to 140°. 

During the third period the spectrum becomes more brilliant 
and the lines more distinct. Several new lmes make their ap- 
pearance in different parts of the spectrum, of which the ones at 
514°, 57°, and 67° are well defined, while others are faint and 
not always visible, some of them appearing only toward the 
close of the last period. In viewing the lines in the most re- 
fracted part of the spectrum, it has been repeatedly observed, 
both by myself and otkers, that these lines were more strongly 
marked when entering the eye at an angle than when viewed 
directly. That this was not imagination is proved by repeated 
identification of lines at the same point on the scale. 

At the termination of the blow the lines are rapidly swept 
away, sometimes in the mverse order of their appearance, but 
more generally they disappear within the space of two or three 
seconds, leaving a continuous spectrum as at first, though some- 
what brighter. Sometimes the sodium- and lithium-lines are 
swept away with the others, and at other times they remain 
visible. In either case the change is very decided, and does not 
generally occupy more than three seconds. In the course of my 
observations thirty-three lines have been detected, as given in 
the Table below. 

Some of the lines given by Lielegg I have failed to find, but 
have detected others not given by him. 

Ist Period: 233, 35, 50, 135. 
Qnd Period: 234, 35, 48, 44, 444, 451, 46, 471, 481, 50, 52, 

58, 56, 564, 614, 62, 624, 68, 65, 664, 674, 70, 
72; 120, 18557 
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Brd Period : 234, 35, 43, 44, 444, 454, 46, 473, 483, 50, 514, 
52, 53, 56, DGL, 57, G11, 62, 624, 63, 65, GGL, 
67, 674, 70, 72, 100, 102, 103, 105, 108, 135. 

Among the dark bands detected, the most intense occurred at 
44-46, 51-55, 56-58, 62-644; others were found at 33-344, 
364, 374, 384, 40, 68-72. 

Many of the dark bands were crossed by bright lines. 
I have repeatedly observed the dark band considered by Roscoe 

to be a hydrogen absorption-line, but have not noticed that its in- 
tensity varied with the dampness of the weather. Whether it 
is an absorption-band or not can be determined by a series of 
observations continued through wet and dry weather. If this 
proves to be a hydrogen-line, the Bessemer spectrum will be 
found more complicated than is generally supposed. It has 
been thought by some that the dark bands in the spectrum are 
absorption-lines due to the cooling of the outer sheath of flame ; 
bat it is more probable that although the pellets of iron and 
slag tend to produce a faint continuous spectrum, yet in con- 
trast with the very brilliant lines it appears discontinuous, the 
dark bands being merely intervals between the bright ones. 
The iron spectrum has not been satisfactorily identified. It has 
been suggested that the brightness and size of the lines of the 
Bessemer spectrum do not allow the iron-lines to appear. In 
comparing the Bessemer spectrum with Bunsen’s spectra of 
nickel, cobalt, and calcium, no coincidences were observed, except 
two or three in the latter spectrum. The brightest calcium-line, 
however, was not visible in the Bessemer spectrum. The Bes- 

_ semer spectrum contains yet many mysteries to be solved, among 
which is the cause of the non-appearance of the lines of the 
spectrum at the beginning and termination of the blow. 

This was readily solved when the numerous lines of the spec- 
trum were attributed to carbon; but in proving them to be 
caused principally by manganese, their disappearance is not so 
readily accounted for. 

One theory to account for it is that the luminous power of 
the flame is too small at the beginning and end of the process 
to produce a spectrum. In regard to this, it may readily be 
shown that the brilliancy of the spectra of incandescent metallic 
vapours does not depend upon the illuminating-power of a flame, 
but upon the heat of the flame into which they are introduced. 
For instance, the spectra are more distinct in the non-luminous 
flame of a Bunsen lamp than in the ordinary luminous gas-flame. 
If we take the theory as referring to the feebleness of light given 
off by those substances in the flame which produce the spectrum, 
it will resolve itself into the one of change of temperature, not- 
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withstanding the fact that the illuminating-power of flames of 
the same temperature varies with the composition of the gas, 
because there is evidently enough sodium in the flame to give its 
characteristic line; hence, whatever might be the illuminating- 
power of the flame, if the heat is sufficiently intense, the sodium- 
line will show itself. 

Dr. Wedding adopts the theory that the absence of the spec- 
trum at the beginning and termination of the blow is because 
the absolute quantity of the bodies volatilized producing the 
spectrum is at these times too small. His reasons for holding 
this view are as follows :—“ A trace of sodium will give its cha- 
racteristic line ; but, according to Simmler, a much larger quan- 
tity of manganese is needed to obtain a recognizable reaction than 
that which can be detected by the well-known blowpipe reaction 
with carbonate of soda. Consequently spectrum-analysis does 
not depend alone upon the presence of a body, but also upon the 
presence of a certain quantity. And although manganese is — 
always left in the iron, it may not be left in sufficient quantity 
at the termination of the blow to produce the spectrum, and for 
this reason the lines disappear.” 

To this theory there are some strong objections. Ist. If we 
take manganese in sufficient quantity and hold it im a flame, the 
spectrum will increase in brightness until a uniform temperature 
is attained; but when the amount of manganese vaporized 
begins to diminish, its spectrum will gradually decrease in 
brightness until it disappears. Now, if the disappearance of 
the manganese-lines in the Bessemer spectrum is owing to the 
diminution of the quantity of manganese, we should infer that 
these lines would gradually grow more indistinct and then fade 
away; but, on the contrary, the manganese-spectrum increases 
in brilliancy from its first appearance, and is more intense just 
before being swept away than at any other time. ‘The analysis 
of the smoke, which appears when the flame ceases, proves that 
a considerable quantity is still volatilized; and it is notable that 
in manganiferous iron this quantity increases towards the close 
of the blow. 2nd. It would be more difficult to account by 
this theory for the non-appearance of the sodium-line at the 
beginning of the blow, as sodium then in all probability cxists 
in the issuing gas in sufficient quantity to produce its spec- 
trum at a high temperature, as it is only by special precaution 
that we can keep it out from any flame. drd. A still greater 
difficulty would arise in applying this theory to the spectra of 
sodium and lithium at the close of the blow. As has before 
been stated, these lines sometimes disappear at the moment of 
complete decarbonization, and sometimes remain. In the former 
case, to say that our friend sodium had given out would be 
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doing great injustice to that element, ‘as it has never given us 
reason for bringing so grave a charge against it. Dr. Wedding, 
in attempting to-demonstrate that the non-appearance of the 
manganese-lines is owing to the lack of sufficient quantity 
volatilized to produce its spectrum, makes the following state- 
ments :— 

From analyses made by Brunner we find that the manga- 
nese contained in the iron falls from 3°460 per cent. in the raw 
material to 1°645, 0°429, and finally to 0'113 per cent. in the 
decarbonized product, and that the protoxide of manganese in 
the slag first increases from 37°00 per cent. to 37°90 per cent., 
and then sinks to 32°23 per cent., and, furthermore, that a certain 
quantity of manganese is to be found in the smoke. How much 
manganese is really lost by volatilization cannot be determined, 
since data are wanting as to the absolute quantity of slag and 
iron ; consequently we cannot determine how much manganese 
has been lost by means of the eruptions. 

But since the manganese contained in the pig-iron decreases 
constantly, and that contained in the slag after the termination 
of the boiling-period also decreases, a considerable volatilization 
of this body is probable just at the time when the spectrum 
is best developed. Comparing with this the experiments that 
can be made in the laboratory, we arrive at the hypothesis 
that the oxidized manganese which has entered into the slag 
is not volatilized, but is retained by the slag; it can therefore 
get into the flame only in the shape of solid or fluid combi- 
nations. 

In the above statements the results of the analysis prove 
that some of the manganese in the slag is volatilized. We 
cannot consider the manganese-spectrum during the entire pro- 
cess to be due wholly to the volatilization of the manganese directly 
from the iron; for while the amount eliminated from the iron 
erows continually less, the manganese-spectrum grows brighter. 
Owing to the intimate mixture by the blast of the iron and 
slag, the manganese oxide contained in the latter is brought 
into contact with the melted iron and vaporized. This mixing 
of the slag and iron would cease at the termination of the 
process; and this would account for the sudden diminution of 
smoke. 

If there were a sufficient carbonic-oxide flame to render the 
escaping gases glowing; it is evident they would not issue from 
the converter as dark smoke, but as incandescent vapour 
having its characteristic spectrum. The lack of sufficient flame 
may therefore account for the disappearance of the manga- 
nese spectrum. The Bessemer flame presents other problems 
and opens an intensely interesting field for scientific investiga- 
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tion; and by the use of more delicate instruments than have 
yet been employed for this purpose, discoveries may be made 
which will throw new light upon the subject of spectrum- 
analysis. 

II. On the Spectra of Carbon. By W. MarsHatut Warts, 
D.Sc., Physical-Science Master in the Manchester Grammar- 
School*. 

N the Philosophical Magazine for October 1869 I described 
and figured a spectrum of carbon, which, so far as I know, 

had not been previously observed, viz. the spectrum obtained 
when the spark from an induction-coil is taken in carbonic an- 
hydride or carbonic oxide, and a Leyden jar is included in the 
circuit. I have recently had the opportunity of mapping the spec- 
trum with a three-prism spectroscope of Browning’s. 

I have converted the angular readings into wave-lengths by 
means of an interpolation-curve carefully drawn from exact ob- 

servation of twenty lines, whose wave-lengths are given in Ang- 
strom’s map. 

The brightest groups of lines are denoted by the Greek letters ; 
and the reading of each line is given on the same scale to which 
the diagram of my paper already referred to is drawn. The 
wave-lengths are given in ten-millionths of a millimetre. 

Carbon-spectrum No. 4. 

34 Wave-length 6578 
*) 84°5 i 6562 Coincident with hydrogen a. 

43 5 6165 
4405 ss 6095 

Two not very bright lines, each triple. 
48 Wave-length 5954 Double. 

5895 

D ” 5889 | 
51 . 5855 Double. 

Three faint lines, the first double. 
B ee ~Wave-length 5688 

56°5 3 5652 
57°2 M 5640 
57°5 9 5635 Double. 
62°7 : 5426 Double. 
66 s 5385 Triple. 
69 us 5306 

* Communicated by the Author. 
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Three faint lines. 
75 Wave-length 5160 
75°6 s 5152 
{ie (3 5140 

79°7 “4 5065 Triple. 
84 5 4969 
84:2 i 4960 Double. 

Faint double line. 
85°5 Wave-length 4947 
86:6 3 4.927 

sJ 873 ee 4911 
88 i 4900 
895 i, 4874 
90°3 4 4860 Double. 

ob 992 Es 4730 Double. 
99°6 3 4696 

10] 53 4674. 
102 3 4.656 
103 % 4.646 
a 4637 103°5 by 4632 

106 a 4590 
7 106-5 $ 4585 
Five faint lines, of which the fourth is double and the fifth 

triple. 
6119°5 Wave-length 4417 Middle of rather wide line. 

123:°3 :. 4368 Most refracted edge of band. 
Perfectly black interval. 

125 Wave-length 4350 Least refracted edge of band. 
Two fine lines. 

127 Wave-length 4320 Double. 
6133 x 4272 Maximum of broad band 130 

to 134. 
" 139°8 :. 4196 

140-4 “ 4192 
Three faint lines. 

146 Wave-length 4141 
147°4 e 4130 

Three faint lines. 

152 Wave-length 4092 
to to > Broad band, fine line at 4089. 
154 a 4080 

I have determined also the wave-lengths for two other car- 
bon-spectra. 
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Carbon-spectrum No. 1. 
-42°5 Wave-length 6190 
4x2 A 6110 

a2 46 aS 6050 
47-2 . 5990 
48-5 ‘ 5955 
758 s 5622 
| 60 a 5582 
Ola oe aoe 

y< 63 i 5495 
| 6465 5463 
ee 2 5440 
67 ‘ 5425 
75 5 5170 

mare . 5139 
79:3 i 5100 
80-2 a 5082 

(97 . A734 
| 93-5 - 4710 

«J 100 < 4689 
| 101-5 . A675 
| 101-7 4670 
105 . 4.600 
107-5 i A574 
109°5 i 4550 

£21105 i 4534, 
112 “ 4514 
113 a 4505 
114. 4502 
( Broad band intersected by a great number of fine dark lines. 
Fine bright line. 
128 Wave-length 4818 Leastrefractededge of a broad 

band made up of a great number of fine bright lines 
separated by dark spaces. At first these lines are too 
close to be read; then several bright lines gave the 
readings:— 4990 i 

; 4285 
i 4279 

4274 
4268 
4261 
4.256 
4249 
4243 
4239 
4232 
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The lines become fainter, but read as far as 4195. 
(186 Wave-length 4220 
137°5 4 4210 

Paes. 4190 
64 140 ¢ ALTA: 
) 141 “4 4166 
hs, 4160 
| 140 z 4158 

Hach of the bands of which the groups 6, y, and « consist is 
made up of an immense number of fine bright lines separated by 
dark spaces. These lines are closer together on the side towards 
the red, till where they make up the bright edge of the band 
the dark lines can no longer be observed. 

Carbon-spectrum No. 2. 

40 Wave-length 6060 
h 45 a 5803 
a 58 * 5602 
E74 . 5195 
I 92 4834: 

m 112 a 4505 
n 121 i 4395 

Hach of the bands of this spectrum also is brightest on the 
least refracted side, and fades away towards the blue. Hach 
band is shaded with dark. lines which are closer together at the 
bright edge—so that the band presents the appearance of a cy- 
lindrical pillar with equal flutings, seen at alittle distance. The 
dark lines are not so close together in the band 7 as they are in 
the band k. 

In conclusion, my best thanks are due to my friend Mr. S. 
Okell for kindly placing his spectroscope at my disposal. 

Ill. A few Experiments illustrative of Magnetism and Diamag- 
netism. By FREDERICK GUTHRIE*, 

[ With a Plate. ] 

| ees following few experiments do not exhibit any new facts ; 
but they illustrate known facts in somewhat new forms, 

and may in some cases be found useful as lecture-experiments. 
§ 1. Magnetism of solid Sulphate of Iron.—The soft-iron poles 

of a powerful electromagnet, of the form shown in Plate I. fig. 1, 
are brought nearly into contact with one another, their upper sur- 
faces being in a horizontal plane. A half sheet of thick cream- 
laid note-paper is laid upon the poles, and powdered dry sulphate 
of iron is strewn upon the paper. On tapping the paper, the 

_ _* Communicated by the Author. 
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powder arranges itself immediately above the poles in a manner 
which need not be represented in a diagram, because the lines 
of accumulation are identical with the edges of the poles, as in 
fig. la. No especial precaution is required for the produc- 
tion of this effect. The powdered crystalline sulphate should 
be dried for a few seconds above a lamp on a sheet of paper. 
The effect is shown well if black glazed paper is employed, or a 
thin sheet of mica or of glass such as is used for mounting mi- 
croscopic objects. The image of the magnetized sulphate of iron 
may be thrown on a screen in the usual way. As might be an- 
ticipated, no lines indicating lines of magnetic force are exhibited. 

_ § 2. Magnetism of solution of Sulphate of Iron.—This is usu- 
ally shown by placing the solution in a watch-glass, or on a sheet 
of mica resting on the two poles. The visible effect is, I think, 
more striking if the points of the poles, of the shape in fig. 1, 
are brought within about one eighth of an inch of one another, 
and two or three drops of the solution suspended between the 
poles in contact with both (fig. 2a). The liquid mass will find a 
position of equilibrium resulting from its weight, cohesion, and 
adhesion to the iron. On exciting the magnet, the liquid mass 
is seen to rise so as to collect around the upper edges of the 
poles, as in fig. 25. A motion of half an inch can be easily 
produced in this way. The shadow of the poles and liquid is — 
easily thrown on the screen. 

§ 3. Pseudodiamagnetism of Iren.—This can be well shown by 
punching two or three hundred circular disks out of a sheet of 
tinned iron, punching a hole in the centre of each, piling them 
one on the top of the other with a disk of paper between each, 
passing a brass rod down the central holes, and screwing the 
whole tight with a nut. The whole may be hung on a stirrup 
of paper. The compound rod presents the appearance of a 
simple iron cylinder. When at some distance above the poles of 
a powerful permanent or electromagnet, it assumes, for well- 
known reasons, the equatorial position. If brought near to the 
poles it sets axially. i 

4, Diamagnetism of Bismuth—This effect is usually shown 
either by the equatorial adjustment of a rod of the metal, or by 
the simple repulsion from a pointed magnetic pole of a pellet of 
the metal. The diamagnetism of bismuth may be elegantly 
shown by bismuth-powder. The powder should be neither too 
fine nor too coarse. If too coarse, the flat facets of the bis- 
muth crystals hinder motion; if too fine, the powder, though 
quite dry, is prone to cake togther in little hillocks, which col- 
lectively resist the individual repulsion of their particles—per- 
haps for the same reason that the rolling of two wheels on a 
plane is hindered when the wheels are in contact. Halfan ounce 
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of bismuth may be finely ground in a porcelain mortar for an 
hour, and the finer portion shaken through a linen bag containing 
a lump of the metal. The residue which refuses to pass is em- 
ployed. This is strewn uniformly and not too thickly on a sheet 
of white glazed paper, which is laid upon the poles of the electro- 
magnet, On exciting the magnet and gently tapping the paper, 
figures of accumulation are produced, such as are shown in 
fig. 3,aand 6. If glass be used instead of paper, the relative 
position of these lines and the edges of the magnet can be ex- 
amined. In athe poles are nearer together than in 6. In a 
the continuous lines represent the edges of the poles as seen 
through the glass. The dotted masses show the distribution of 
the powder. In 4 the magnetic poles are omitted, but are re- 
presented by dotted lines, which consist of finely pencilled ridges 
of powder accumulated immediately above the edges of the iron 
poles. When the poles are as near together as they are in a, no 
such lines are seen. ‘These lines disappear on continually tap- 
ping the paper or glass, and therefore, I conclude, are not to be 
attributed to any region of attraction, or to any exceptional 
structure in the bismuth, but may be compared to the ridge of 
powder which will rest on the edge of a blunt wedge pointing 
vertically upwards when powder is strewn onit. Lying, in fact, 
immediately above the region of maximum repulsion, they are in 
unstable equilibrium. 

If the paper (for the following experiment paper is preferable to 
glass) supporting the uniformly distributed bismuth-powder be 
moved horizontally, one or two little ridges of powder are formed 
(according to the nearness of the poles), which remain stationary 
as the paper passes beneath them, the particles shifting and 
rolling so as to maintain the same positions with regard to the 
poles beneath. With care a whole sheet of paper may be passed 
beneath. These rolling ridges are best seen when the poles are 
at a distance intermediate between the distances in a and 2, so 
that there is only a narrow isthmus of bismuth-powder situated 
equatorially between the poles, as in fig. 8c. The ridges are the 
isthmus of powder, and the accumulation p or gq (fig. 3c), ac- 
cording as the paper is moved towards q or p respectively. 1. 
have not found any further structure in the distribution of the 
bismuth-powder analogous to the structure in the arrangement 
of particles of iron under similar conditions—no indication, in 
fact, of lines of diamagnetic force. The bismuth separated from 
the nitrate by zinc, or from the subnitrate by zinc and sulphuric 
acid, has not in my hands proved so good for showing these effects 
as the powdered metal. These diamagnetic phenomena may 
easily be transferred to the screen in the usual way. 

December 3, 1870. . 
Phil. Mag. 8,4, Vol. 41. No, 270. Jan, 1871. C 
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IV. On the Electromotive Force on the Contact of different Metals. 
By K. Eptunp*. 

| i a previous papert I have proved that if a voltaic current 
traverses an electromotor in the same direction as the cur- 

rent produced by the electromotor itself, an amount of heat is 
absorbed in the electromotor which is proportional to the electro- 
motive force multiplied by the intensity of the current. If the 
current is in the opposite direction, a quantity of heat is pro- 
duced which is also proportional to the same product. For the 
same intensity of the current, the quantities of heat absorbed or 
produced are therefore proportional to the electromotive forces. — 
If a current is allowed to traverse a conducting-wire consisting 
of two different metals, at the place of contact between them there 
must be an alteration of temperature, because there exists at that 
place an electromotive force. Ifthe current goes in the same 
direction as that caused by the electromotive force, cooling ensues 
at the place of contact ; but there is an increase of temperature in 
the opposite case. . Now experiment has long shown that heating 
or cooling occurs at the place of contact between two metals when 
a voltaic current traverses it, and that this alteration of heat, as 
theory requires, is proportional to the intensity of the current. — 
Hence a measurement of the quantities of heat absorbed or pro- — 
duced on the passage of the voltaic current gives a determination 
of the magnitude of the electromotive force produced by the con- 
tact of the metals. This method of determining electromotive 
force has the advantage of keeping the circuit closed during the 
measurement, so that the force is in full activity. The changes 
of temperature which are produced at the place of contact of two 
metals by a current passing through them have been frequently 
investigated ; but the magnitude of these changes of temperature 
depends on the specific heat of the metals, on their conductivity 
for heat, on the cooling during the experiment, &c., and there- 
fore cannot give a direct measure of the electromotive forces. In 
the sequel I give the experiments which I have made on this © 
subject in conjunction with Magister Sundell of Helsingfors, — 
and then a comparison of the electromotive and thermoelectric 
forces of the metals investigated. 

2. In the experiments an air-thermometer was used, the bulb 
of which was a cylinder of very thin sheet copper 125 millims. 
in length and 80 miilims. in diameter. On the outside of each of 
the two circular ends a copper tube 45 millims. in length was 
soldered, in such a manner that the tubes were in the centres of 

* Translated from Poggendorff’s Annalen, No. 7, 1870, having been 
read before the Swedish Royal Academy of Sciences, January 12, 1870. 

Tt Pogg. Ann. vol. exxxvil. p.474, Phil. Mag. S. 4. vol. xxxviii. p. 263. 
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the ends, opposite to each other, and at right angles to the faces. 
Through these tubes passed the metal wire to be investigated, 
consisting of two wires soldered together, in such a manner that 
the place of soldering was just in the middle of the cylinder. 
On the tubes in question caoutchouc tubes were fitted, which, to 
make them air-tight, were firmly tied both over the copper tube 
and over the metal rods. With the same obiect the space between 
the wire and the metal tube was filled with melted wax. To 
preserve the wire from conducting communication with the cop- 
per cylinder, the two tubes were lined internally with caoutchouc. 
At one end of the copper cylinder a metal tube, bent at right 
angles and provided with a stopcock, was solder -ed, to which was 
fitted air-tight aglass tube. This tube was provided with a scale 
divided into millimetres. The copper cylinder with the glass tube 
was fastened on a mahogany board, which could be placed, and 
secured by screws, at different angles with the horizontal. In 
all the experiments the glass tube formed an angle of 5° with 
the plane in question. The copper cylinder had such a posi- 
tion that the wire traversing it was horizontal. After the wire 
to be investigated had been introduced, the cylinder was tested 
by fixing a small compression-pump to the metal tube and ob- 
serving the pressure on a water-manometer in connexion with 
the tube. To keep the temperature around the copper cylinder 
constant, it was surrounded by a double cylindrical zine jacket 
which held 5:85 litres of water. The internal diameter of the zinc 
jacket was 150 millims., so that the annular space between this 
and the copper cylinder was 35 millims. wide. The zinc jacket 
was in four parts, so that it could be conveniently inserted in its 
position ; and suitable apertures were provided for the passage of 
the wire and of the above-mentioned metal tube. The zinc 
jacket at the time of the experiments, was filled with water which 
had the same temperature as the air inthe room. In this man- 
ner the zinc jacket acquired a temperature which did not mate- 
rially vary during the short time which was necessary for an 
experiment. On the further end of the glass tube a short caout- 
chouc tube was placed, which was connected with an open cylin- 
drical metal box 55 millims. in diameter. Into this box the 
liquid was poured which was to serve as index in reading off. By 
raising or lowering the box the column of liquid could be made 
to stand at any suitable position in the tube; the internal dia- 
meter of this tube was about 2°5 millims. When the tube was 
too narrow, the capillarity acted so strongly that the column of 
liquid was seriously impeded in its motion, and the air-thermo- 
meter thereby became less delicate. In the first four of the sub- 
Sequent experiments spirit was used as index, and in all the 
others a coloured liquid containing spirit (cognac). 

C2 
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3. The experiments were made in the following manner. 
After the wire which was to be investigated had been introduced 
into the copper cylinder and the whole apparatus suitably ar- 
ranged, the ends of the wire outside the jacket were connected 
with the poles of five Bunsen’s cells. The imtensity of the cur- 
rent was measured with a rheostat. There was moreover in the 
circuit the usual commutator. To drive part of the air out of 
the copper cylinder, a more powerful current was used in the 
first case than that afterwards employed for the proper measure- 
ments; thereupon the liquid was poured into the box and the 
intensity of the current reduced to the magnitude intended for 
the subsequent experiments. During the cooling the liquid rose 
in the glass tube; and by raising or lowering the box a suitable 
position was obtained, which was then permanently adhered to. 
After the lapse of some time the index remained stationary, and 
thus showed that the copper cylinder lost just so much heat as 
was developed by the current in the wire. As in all the ex- 
periments the temperature of the copper cylinder but very 
slightly exceeded that of the surrounding air and of the zine 
jacket, it may be assumed, without any material error, that its 
loss of heat is proportional to its excess of temperature. Although 
this excess of temperature is unknown, we have for it a reli- 
able relative measure. The index in the glass tube gives the 
mean temperature of the air in the copper cylinder. That the 
excess of temperature of the copper cylinder bears to the mean 
temperature a definite relation, which is independent of the 
degree of heating, is proved by the experiments themselves. If, 
as shall immediately be shown, the quantities of heat be deter- 
mined which are produced or absorbed at the place of contact of 
the two metals by the passage of the current, it will be found 
that these quantities, as theory presupposes, are proportional to 
the intensity of the current. This result would not follow from 
the experiments, unless it could be assumed that the mean tem- 
perature measured by the index bears a definite relation to the 
excess of temperature of the copper cylinder. After the index 
has come to rest it gives thus a relative measure for the quantity 
of heat which the copper cylinder loses during a given time; and 
this quantity is equal to that which is produced by the current 
in the same time. Now we assume that while the current con- 
tinuously traversed the experimental wire, the index has remained 
at the scale-division a, or that it has advanced A-+a divisions 
from the place which it assumed before the passage of the cur- 
rent. The quantities of heat produced by the passage of the 
current are of two sorts. Owing to the voltaic resistance, a 
quantity of heat is produced in the entire wire which is propor- 
tional to the square of the intensity. Ifthe intensity of the current 



on the Contact of different Metals. 21 

be s, and m be a constant, this quantity of heat will be expressed 
by ms?. On the other hand, according to the direction of the 
current, an amount of heat is produced or absorbed at the con- 
tact which is proportional to the intensity of the current, and 
may be designated by +:ns, in which n is another constant. 
We thus find ms?-++-ns=A-+a. If now the direction is reversed, 
the index after a few minutes is stationary in a new position a’, 
and we get ms*=+-ns=A +a’, in which the sign before the second 
term is altered. From this we obtain +ns=a—a!. The dif- 
ference between the two stationary positions of the index when 

_ the current first goes in one and then in the other direction thus 
becomes a measure for the quantities of heat in question. 

The above method of obervation would furnish very rigorous 
determinations of the quantities of heat in question if the heat- 
ing of the air in the copper cylinder were the only cause of the 
motion of the column of liquid. But this is far from being the case. 
Variations in the barometric height during even the few minutes 
which are required to effect two successive readings are frequently 
sufficient materially to alter the position of the column of liquid. 
One day, on which a violent storm prevailed, no observations could 
bemade; for, owing to variations in the pressure of the atmosphere, 
the column of liquid was continually moving backwards and for- 
wards. This, however, is exceptional. To avoid this unplea- 
santness as far as possible, the experiments were made thus :— 
After the current had circulated for a sufficient length of time, 
the position of the column of liquid was observed; the current 

- was then reversed and the new position of equilibrium observed, 
- upon which the current was again reversed and the first observa- 

tion repeated. Of the first and third readings the mean was taken; 
and the same course was continued until so many determinations 
had been obtained that the mean was sufficiently accurate. As 
the time between two successive observations was approximately 
equal, accurate results must thus have been obtained, assuming 
that the barometric pressure varied uniformly. It would not 
have been impossible to procure accurate corrections for the 
errors which alterations in the barometric height produce. If, 
for instance, we had two perfectly equal air-thermometers, one of 
which, as is here the case, was used exclusively for determining 
the voltaic heating, and the other for measuring variations in 
the pressure, by simultaneously reading the two the necessary 
corrections would be obtained. The same object would also be 
obtained if the glass tube were not allowed to communicate with 
the air through the open metallic box, but with a large air-tight 
closed vessel whose temperature was kept quite constant. Mean- 
while the method used was considered adequate to the object in 
view. We pass now to the proper observations. 
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4. Haperiment 1.—The wire experimented with consisted of 
copper and iron soldered together with tin. The numbers under 
the head ‘ deflections” are the differences between the two posi- 
tions of equilibrium of the column of liquid when the current 
went in opposite directions. These numbers are therefore pro- 
portional to the quantities of heat sought. In all the follow- 
ing experiments the copper wire used was taken from one and 
the same coil. The wire was 1 millim. in diameter. The dia- 
meter of the iron wire was about the same. When the posi- 
tive current went from copper to iron the place of soldering 
was cooled. The column of liquid, both inthis and the three 
following experiments, consisted of spirit, for which reason they 
are not accurately to be compared with the later experiments. 

Deflections. 
19°2 
17°5 
19:0 

Mea ca | Lore 
Intensity of current = tg. 44° 6. 

Experiment 2.—The same wires as before. 
Deflections. 

11:7 
155 
115 

Mean . . 129 
Intensity of current = tg. 32° 30’. 

Experiment 3.—The same wires. The experiment was made 
on the following day. 

Deflections, 
178 
18:0 
19°3 
21°5 
20:3 

Mean 2 o1cioraam 
The intensity of the current = tg. 45°. 

Experiment 4.—The same wires as before. 
Deflections. 

13:0 
12°5 
13:0 
12°2 
12°0 

Mean. . 12°9 
Intensity of current = tg. 31° 25. 
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If from these experiments the quantities of heat (x) be calcu- 
lated on the assumption that, as theory requires, they are propor- 
tional to the intensity of the current, we get the formula 

L=19°82 tg. v, 

in which » is the angle of deflection of the tangent-compass. 
From this we obtain the following calculated values compared 

with the observed ones :— 
Caleulated. Observed. 

Expermment 1, . . « 19:2 18°6 
a oS as. «Re Ls 12°9 

5 Oh feline OO 19:4, 

| Ere agie eee eer ae 12°5 3) 

Experiment 5.—The same wires as in the foregoing experi- 
ments. The liquid in the glass tube consisted, in this as in all 
the following experiments, of cognac. The deflections became 
thereby smaller than before. 

Deflections. 
18°3 
158 
20:0 
16°8 
15°5 

Mean. ..%). 17-3 

Intensity of the current = tg. 44° 45. 

Experiment 6.—The same wires. 
Defiections. 

of dic? 
10:7 
12°2 
LL7 
13°5 

ean 27 OVE 

Intensity of the current = tg. 33° 10!, 

If the last two results be calculated by the formula 
2=17°83 tg. v, we obtain in 

Calculated. Observed. 

Experiment 5.: ,).°. 17-7 17°3 
Gr tee eee Te 11:9 3) 

Experiment 7.—The wire consisted now of platinum and cop- 
per soldered with tin; the former was 1 millim. in diameter. 
When the positive current went from the platinum to the copper 
at the place of contact, there was a cooling. 



24, Prof, E. Edlund on the Electromotive Force 

Deflections. 

75 
3:0 
78 
70 
3:0 

75 
Mean 7s « 76 

Intensity of the current = tg. 45° 45!. 

Experiment 8.—The same wire, platinum-copper, as m the 
foregoing experiment. : 

Defiections. 

11:0 

Mean 422530 911-0 
Intensity of the current = tg. 55° 45/. 

Experiment 9.—This experiment with the platinum-copper 
wire was made a day later. 

Defiections. 

Meam ss jfk 

Intensity of the current = tg. 45° 30. 

If the mean be taken from experiments 7 and 9, we obtain 
the deflection 7:4 for the intensity = tg. 45° 38’. The experi- 
ments may be calculated from the formula 2=7°37 tg.v, from — 
which we obtain :— 

Calculated. Observed. 
Experiment 8. . . . 10°82 11°0 

: Zand9. . - 754 74: 

Experiment 10.—This experiment was made with a wire of 
German silver and copper soldered with tin. The German-silver 
wire was 1 millim. in diameter. When the positive current went 
from the German silver to the wy at the point of contact, a 
cooling resulted. 
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Defiections. 

13°2 

10°2 
9:7 
9°7 

11:0 
10:2 
10°2 

Mean .. 10°6 

Intensity of current = tg. 34° 15!. 

Therefore, with an intensity = tg. 45°, the deflection becomes 
equal to 15°57. 

Experiment 11.—In this experiment the copper wire was sol- 
dered by means of tin to a bismuth rod 2°5 millims. square. 
When at the place of contact the positive current went from 
the bismuth to the copper, cooling resulted. 

Deflections. 
103°5 
107°5 

Mean . . 105°5 

Intensity of the current = tg. 36° 45!, 

With an intensity = tg. 45° the deflection becomes equal to 
141°3. 

Experiment 12.—The copper wire was soldered to a silver 
wire 0°6 millim. in diameter. With this combination not the 
least deflection could be observed. The same was the case with 
a combination of zinc and copper. 

The foregoing experiments give the following electromotor- 
series, in which, when two successive metals are in contact, the 
current at the place of contact goes from the preceding to the 
succeeding—bismuth, argentan (German silver), platinum, cop- 
per, andiron. The two metals silver and zinc are so near copper 
that the experiments left it undecided whether they precede or 
succeed the last-named metal. The relative numerical values 
are as follows :— 

Bismuth-copper . . . 1413 
Argentan-copper . . . 15°57 
Platinum-copper . . . 7°37 
Copper-iron sie.) 17°88 

5. In order to ascertain the thermoelectric relations of these 
metallic combinations, the following experiments were made. 
The soldered wires were twice bent near the soldering, so that 
they were parallel to each other, and the place of contact was 
inserted in a test-tube which was placed in a large vessel filled 
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with cold water. In order that the water might be warmed very 
slowly by the air in the room, the glass beaker was coated with 
a layer of cotton-wool and covered with a pasteboard disk, through 
a hole in which the test-tube was inserted. In this test-tube was 
placed a delicate thermometer, and the space at the top between 
the wires and the thermometer stopped with cotton-wool. Thus 
the temperature of the test-tube was kept constant long enough for 
the place of soldering to acquire the temperature which the ther- 
mometer indicated. The free ends of the wires were connected 
with the conducting-wires of the magnetometer, which were of 
copper. The connexion between the two different metals was 
‘surrounded by cotton-wool, after the bulb of a delicate thermo- 
meter had been adjusted as near the place of contact as possible. 
The deflections of the magnetometer, which were read off in the 
usual manner with a telescope and scale, were proportional to the 
intensity of the current. ‘The conducting-power in the circuit 
for thermoelectricity was measured by means of a magneto- 
inductor, the coil of which was inserted in the circuit. The 
deflections which were obtained by the induction-currents caused 
by the inductor gave thus a measure for the conducting-power. 

In what follows I will merely give the mean numbers obtained. 
Experiment 18.—Bismuth-copper. 
The deflection = 205°5. The difference of temperature at the 

two places of contact = 12°8. With the magneto-inductor a 
deflection of 174 divisions was obtamed. Hence this number 
represents the conductivity in the path of the thermoelectric 
current. 

Experiment 14.—Argentan-copper. 
Deflection =61°8. Difference of psnine = Sul) sh 
Conducting-power = 224-0. 

Experiment 15.—Platinum-copper. 
Deflection = 22°0. Difference of temperature = 11°8, 
Conducting-power = 226'5. 

Experiment 16.—Zinc-copper. 
Deflection = 2°5. Difference of temperature = 12°1, 
Conducting- -power = = 230°5. 

Experiment 17.—Silver-copper. 
Deflection = 2:0. Difference of temperature = 13°°7. 
Conducting-power = 232°0. 

Experiment 18.—Copper-iron. 
Deflection = 73:0. Difference of temperature = 12°8, 
Conducting-power = 228°8. 

In these metallic combinations the thermoelectric current went 
at the warmer place of contact from the first-named metal to the 
succeeding one. 



on the Contact of different Metals. 27 

If the foregoing observations be calculated for a difference of 
temperature of 10° and aconductivity = 100, we obtain for 

Bismuth-copper the deflection . . 92:27 
Argentan-copper rs ‘ple bac <78 96 vc) 
Platinum-copper 3 oe. eee 
Zinc-copper - ee OU. 
Silver-copper “ st eregdOu 
Copper-iron ty ee 

In the thermoelectric series the metals are therefore in the 
following order :—bismuth, argentan, platinum, zinc, silver, cop- 
per, and iron. We see from this that the order in the series, which 
is determined by the heat absorbed or produced on the current 
passing through the place of contact, is the same as that which 
is conditioned by the thermoelectric properties of the same me- 
tals. In the combinations zinc-copper and silver-copper the 
quantities of heat were so small that they could not be measured ; 
but we also find that in the thermoelectric series zinc and silver 
are very near copper, and form with it a very inconsiderable 
thermoelectric force. In order to compare with one another the 
numbers obtained, they can be reduced so as to be equivalent for 
one of these combinations-—-for example, for copper-iron, We 
thus obtain the following Table of comparison :— 

Thermoelectric Electromotive 
series. series. 

Bismuth-copper . . . 92:27 197°6 
Argentan-copper. . . 20°18 pas ev are 
PligiinnM-GOPer » » » O'RO 10°30 
Zomeeconper. . . . O90 
Silver-copper . =... O63 
Copper-iron . . . . 24°93 24°93 

In the combinations argentan-copper and platinum-copper the 
numbers in the two series are almost equal,from which it might be 
assumed that the electromotive and thermoelectric forces are pro- 
portional to one another. Yet this is most decisively refuted by 
the combination bismuth-copper. In order to be quite convinced 
that this latter combination did not depend upon a faulty mea- 
surement of the thermoelectric current, the determination was re- 
peated, by which a deflection of 88°7 divisions was obtained when 
the difference in temperature of the two solderings was 10°, and 
the conducting-power was 100. The result was therefore about 
the same as before. Yet there was a reason for doubting that some 
error might have crept in in the determination of the numbers for 
bismuth-copper ; for when this pair of wires was removed from the 
air-thermometer, the bismuth broke near the place of soldering, 
which necessitated a new soldering before this combination could 
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be again investigated. This circumstance might possibly give 
rise to anerror; and hence the experiments with bismuth-copper 
were repeated. | 

Experiment 19.—A new bismuth-bar, somewhat thicker than 
the last, but from the same piece of bismuth, was soldered to the 
copper, on which the observations were made in the usual 
manner. 

There were thus obtained :— 
Deflections. 

81:0 
73:0 
77:0 
78:5 

Mean . . 77°4: 
Intensity of the current = tg. 29°. 

If from this the deflection be calculated for an angle of 45°, 
it is found to be = 189°6, thus almost equal to the number pre- 
viously obtained (141-3). 

The magnitude of the thermoelectric current with the new bis- 
muth-copper combination was next determined, as well as, for 
comparison, those with three of the combinations previously 
mentioned. So great a resistance from the rheostat was now 
interposed in the circuit, that the resistance could in all the 
experiments be regarded as quite equal. It is only necessary to 
adduce the mean numbers suitably reduced in order to facilitate 
inspection and comparison with the preceding. In this manner 
it was found that the thermoelectric currents for these combina- 
tions were as follows :— : 

Bismuth-copper ',.. -. «. 78:47 
Argentan-copper . . . 24°17 
Platmum-copper . . . 8°30 
Copper-iron . eo 2 24°98 

These numbers, within the limits of errors of observation, are 
equal to those previously obtained, except that for bismuth-cop- 
per, with which combination the deflection was smaller than be- 
fore. This is doubtless due to the new bismuth-bar being some- 
what different from the first. Yet it is seen that the exception 
which the combination bismuth-copper makes does not depend 
upon a faulty determination. 
According to Seebeck, the various metals have the following 

order in the electric-tension series :—silver, platinum, copper, 
iron, bismuth, and zinc, in which each preceding in contact with 
the succeeding is electronegative. Although different observers 
have found the order different, partly in consequence of the 
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metals being impure, it is clear that there is no similarity between 
the electric-tension series and that which the metals form as re- 
gards the heat produced or absorbed on the passage of a current. 
As, then, from the theoretical proofs which we gave in a former 
paper, the quantities of heat in question furnish a measure of the 
electromotive forces, it must be concluded that the electric-tension 
series is in no close connexion with these forces. Hence it is 
highly probable that the electrical tension does not exclusively 
depend on the contact between the two metals, but on the layer 
of gas or of water which is condensed on their surfaces—a view in 
favour of which many reasons might be urged. On the other 
hand, it was seen that the thermoelectric series is the same as 
that for the electromotive forces. The metals which in contact 
with each other produce the greatest electromotive force, also 
produce the most powerful thermoelectric current when the place 
of contact is heated; but these thermoelectrical currents are not 
in all combinations proportional to the corresponding electromo- 
tive forces. 

V. On the Heat Developed in the Combination of Acids and Bases. 
—Second Memoir. By THomas Anprews, M.D., F.R.S., 
Hon. F.R.S.E., Vice-President of Queen’s College, Belfast*. 

@ a paper communicated to the Royal Irish Academy in 1841, 
I gave an account of a large number of experiments on the 

heat disengaged when acids and bases, taken in the state of di- 
lute solution, enter into combination, and when bases, insoluble 
in water, are dissolved in dilute acids. The following general 
conclusions or laws were deduced from those experiments :— 

Law 1.—The heat developed in the union of acids and bases 
is determined by the base, and not by the acid—the same base 
producing, when combined with an equivalent of different acids, 
nearly the same quantity of heat, but different bases different 
quantities. 
Law 2.—When a neutral is converted into an acid salt, by 

combining with one or more atoms of acid, no change of tempe- 
rature occurs. 

Law 3.—When a neutral is converted into a basic salt, by 
eombining with an additional proportion of base, the combina- 
tion is accompanied with the evolution of heat+. 

Three years later I laid before the Royal Society of London 
the results of an experimental investigation of the heat developed 
when one base is substituted for another in chemical compounds. 

* From the Transactions of the Royal Society of Edinburgh, Session 
1869-70. Communicated by the Author. 
1 Transactions of the Royal Irish Academy, vol. xix. p. 228. [Phil. 

Mag. Sept. 1841, p. 183]. 
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The law deduced from this inquiry is implicitly involved in the 
foregoing, of which it may indeed be regarded as a necessary 
consequence. It was enunciated in the following terms :— 

Law 4.—When one base displaces another from any of its 
neutral combinations, the heat evolved or abstracted is always 
the same, whatever the acid element may be, provided the bases 
are the same*. 

Finally, the law of metallic substitutions, first announced in 
the Philosophical Magazine for August 1844, was thus stated in 
a paper poe, in the Philosophical Transactions for 1848. 
Law 5.—When an equivalent of one and the same metal re- 

places another in a solution of any of its salts of the same order, 
the heat developed is always the same; but a change in either 
of the metals produces a different development of heat. 

In 1845 [1844] a paper appeared by Graham on the heat dis- 
engaged in combinations, the second part of which refers to the 
heat produced when hydrate of potash is neutralized by different 
acids. The results arrived at by this distinguished chemist 
exhibit a close agreement with those contained in my first com- 
munication to the Royal Irish Academy. 

The concluding part of the elaborate memoir of MM. Favre 
and Silbermann on the heat disengaged in chemical actions is 
chiefly devoted to the same subject. A large number of experi- 
ments are described, which are nearly a repetition of those I had 
previously published. Their results bear a general resemblance 
to those given by myself in 1841; but they widely differ in the 
details. The authors of this able memoir fully recognize the 
accuracy of my fourth law, which asserts the equality of thermal 
effect when one base is substituted for another. ‘ M. Andrews,” 
they observe, “avait en effet établi que, quel que soit acide d’un 
sel, la quantité de chaleur dégagée par la substitution d’une base 
& une autre pour former un nouveau sel est la méme, lorsque 
V’on considére les deux mémes bases” f. 

In a preceding paragraph of the same memoir, the authors 
object to what they conceive to be my first law, and state that it 
is not in accordance with the results of their investigations. As 
the question is one of some importance, | may perhaps be per- 
mitted to quote the passage in the original language. ‘“‘ Ses con- 
clusions, savoir: que la chaleur dévacée par l’é squivalent d’une 
méme base combinée aux divers acides est la méme, ne s’ac- 
cordent pas avec les résultats de nos recherches, et ne nous pa- 
raissent pas pouvoir étre admises.” No doubt, through inad- 

* Philosophical Transactions for 1844, p. 21. 
+ Memours of the Chemical Society, vol. ii. p. 51. [Phil. Mag. June 

1844, p. 401.] 
+ Ann. de Chim, et de Phys. S. 3. vol. xxxvil. p. 497 (1853). 

“ 
te ad 
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vertence, MM. Favre and Silbermann have here given an inac- 
curate statement of my first law. It did not declare that pre- 
cisely the same amount of heat is disengaged by all the acids in 
combining with the same base, but that the heat is determined 
by the base, “‘the same base producing, when combined with an 
equivalent of different acids, nearly the same quantity of heat.” 
A comparison of the results of MM. Favre and Silbermann with 
those in my original memoir will show that I had fully recog- 
nized and described the deviations from the other acids, exhibited, 
on the one hand, in excess, by the sulphuric acid, and on the 
other, in deficiency, by the tartaric, citric, and succinie acids. 
“ If we refer,” I remarked, in the original memoir of 1841, “to 
the first, second, and fourth Tables, as being the most extensive, 
from the large number of soluble compounds formed by potash, 
soda, and ammonia, it will be observed that the sulphuric acid 
developes from 0°'8 to nearly 1° more than the mean heat given 
by the other acids; while the tartaric, citric, and succinic acids 
fall from 0°-4 to 0°55 short of the same. A minute investiga- 
tion of the influence of the disturbing sources of heat will no 
doubt discover the causes of these discrepancies. The high 
numbers for sulphuric acid are probably connected with that 
acid’s well-known property of developing much heat when com- 
bining with successive atoms of water. All the other acids de- 
velope nearly the same amount of heat in combining with the 
same base, the greatest divergences from the mean quantity 
being, in the case of potash, +0°24 and —0°:13; in that of 
soda, +0°26 and —0°14; and in that of ammonia, +0°17 
and —0°-05. These differences are almost within the limits of 
the errors of experiment”’*, 

But although there is a superficial agreement between my 
original results and those of MM. Favre and Silbermann, they 
will be found, when examined closely, to differ widely in detail, 
and on points of great importance. I had found that the oxalic 
acid disengages almost exactly the same amount of heat in com- 
bining with the soluble bases as the hydrochloric, nitric, and 
many other mineral acids; and this observation I have always 
regarded as one of the main foundations of Law I. MM. Favre 
and Silbermann, on the contrary, have inferred from their expe- 
riments that “the following organic acids—the oxalic, formic, 
valeric, and citric—disengage sensibly the same quantity of heat, 
but it is less (plus faible) than that given by the foregoing mi- 
neralacids””—among which they enumerate the nitric and hydro- 
chloric. According to my experiments, no distinction of this 
kind can be admitted between acids derived from the mineral 
and organic kingdom, inasmuch as the oxalic acid developes at 

* Transactions of the Royal Irish Academy, vol. xix. p. 240. 
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least as much heat in combining with the bases as the hydro- 
chloric, nitric, and several other strong mineral acids. 

The experiments to be described in this paper were made some 
years ago; but their publication has been deferred from acci- 
dental circumstances. I have, however, recently repeated a few 
of the more important of them with a slightly modified form of 
apparatus. The solutions were taken in so dilute a state that 
the heat disengaged never exceeded 3°°5 C. A standard solu- 
tion of sulphuric acid was prepared and carefully analyzed, by 
precipitating a given weight with a soluble salt of barium, and 
weighing the sulphate of barium. The strength of the alkaline 
solutions was adjusted with great care by means of this standard 
acid. The same solution of each alkali was employed in all the 
experiments, and the quantity used in each experiment was de- 
termined by careful weighing. The acid solution was of such a 
strength that, after being mixed with the alkali, an excess of two 
or three per cent. of acid was present. The alkaline solution 
was contained in a light glass vessel, in which a large platmmum 
crucible holding the acid was carefully floated. By giving a 
rapid rotation, by means of a light stirrer, to the acid solution 
in the platinum crucible, a perfect equilibrium of temperature 
was soon established between the two liquids. The initial tem- 
perature of the solutions was usually about 1°-5 below that of 
the air, and the final temperature of the mixture about 1°5 
above it. The corrections for the heating and cooling action of 
the surrounding medium were determined with great care. The 
mechanical process of adding the acid to the alkaline solution pro- 
duced no change of temperature ; and as the heat disengaged in 
the combination raised the liquid almost instantly to the maxi- 
mum temperature, the whole correction required was for cooling. 
The first temperature was read one minute after the addition of 
the acid to the alkaline solution, the mixture being stirred du- 
ring the whole of that time. If 6 represents the correction, and 
e the excess of temperature above the air in Centigrade degrees, 
the value of 6 will be given by the following expression :— 

d=e x 0°:012. 

As a proof of the accuracy of the method of mixture adopted 
in this inquiry, I may mention that, being desirous to know 
whether the dilute acids employed in these experiments produced 
any change of temperature when mixed with water, I made the 
experiment with nitric acid by the method just described, sub- 
stituting water for the alkaline solution, with the unexpected 
result of a fall of 0°01. On varying the conditions of the ob- 
servation, so as to obtain a larger effect, it was ascertained not 
only that a diminution of temperature had actually occurred, but 
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that the observed fall represented approximately its true amount. 
When hydrochloric acid of equivalent strength was diluted to the 
same extent, an elevation of temperature of 0°05 was produced. 

The accuracy of experiments of this kind, where the whole 
thermal effect observed amounts only to 2° or 3°, depends greatly 
on the thermometer employed. Unless its indications are per- 
fectly trustworthy in every part of the scale, the labour of the 
inquirer will only endin disappointment. Ihave therefore taken 
every precaution to secure this important object. The tube of 
the thermometer was calibrated and divided with care, according 
to an arbitrary scale, by means of a dividing-instrument contrived 
for the purpose, and provided with a short screw of great accu- 
racy, made by Troughton and Simms. The divisions, etched 
finely on the glass, corresponded to about 0°:05 C.; and the 
readings could be made with certainty to less than 0°01. The 
division of the scale corresponding to 0° was determined from 
time to time in the usual way; and another point, about 30° C., 
was fixed by comparison with four other thermometers similarly 
constructed, whose scales extended from the freezing- to the 
boiling-point of water. The readings of these four instruments, 
when reduced to degrees, rarely differed from each other within 
the limits to which they could be read, or 0°-02. The reservoir 
of the thermometer used in these experiments was 75 millims. 
long, and, when immersed in the liquid, occupied nearly its en- 
tire depth. 

As some uncertainty always exists with regard to the thermal 
equivalent of glass vessels, I made two sets of comparative expe- 
riments—one with a thickly varnished copper vessel, and the 
other with a vessel of platinum. The mean result of these expe- 
riments coincided almost exactly with the result obtained when 
the glass vessel was employed. 

The weight of the glass vessel which contained the alkaline 
solution was 58 grms., and corresponded thermally to 11:4 
erms. of the solutions formed. The thermal equivalent of the 
reservoir of the thermometer and of the stirrer was 0°9 grm. 
The alkaline solution weighed 160 grms., and contained the 
equivalent of 1:738 grm. of SO%. The acid solution weighed 
42°5 grms. Hence the entire thermal value of the apparatus, 
in terms of the solution formed, was :— 

erms. 
outros ge) Bw OY Qi BOR 
Glass vessel 09 2 1. Se EA 
Thermometer and stirrer . 0:9 

214°8 

A correction (additive) of ,1, was made to the direct readings 
Phil. Mag. 8. 4. Vol. 41. No. 270. Jan, 1871. 
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for the mercury in the stem of thermometer. The results are 
given to thousandths of a degree; but this apparent minuteness 
is due to the reduction of the indications of the arbitrary scale 
to degrees. 

In the following detailed statement of the experimental results, 
Inc. is the increment of temperature observed, corrected for the 
mercury in stem, and 6 is the correction for cooling. 

Potash and Sulphuric Acid. 

Inc, 3358 3:356 3366 
S$ . 010 024 021 

3'368 38:380 3°387 

Mean ine. corrected . 3°378 

Potash and Nitric Acid. 

Ine. 2:°971 2°976 2-977 
6s 6 "OS: 019 “OLY 

2:989 2:995 2:994 

Mean ine. corrected . 2°993 

Potash and Hydrochloric Acid. 

Ine. 3:004 3:002 3:005 
Oe Ole O10. Ole 

Mean ine. corrected . 3°021 

Potash and Oxalic Acid. 

Inc. 3:086 3:048 3:040 

Ors ‘O17 ‘017 016 

3°0538 38:065 3:056 

Mean ine. corrected . 3:058 

Potash and Acetic Acid. 

ng . . « £536 2846 
Gage 2. CONG. “OU 

2°851 2-853 

Mean ine. corrected . 2°852 

Potash and Tartaric Acid. 

Inc. 2°707. 2-717. 2730 
Ome COl4 s FO14 2 Os 

2721... 2°73]. 2°748 

Mean ine. corrected . 2°732 

Soda and Sulphuric Acid. 

Inc... . 3:822 3°385 
8. 

—_-—_—_— ——__—_— 

3°347 3°359 

Mean ine. corrected . 3°3538 

Soda and Nitrie Acid. 

Ing. s 3 « BOIA BBIG 
Oo . O12 ‘O12 

2-926 2-981 
Mean ine. corrected . 2°929 

Soda and Hydrochloric Acid, 

ig 3. OY See 
Or aes “019 

2-989 
Increment corrected , 2°982 

Soda and Oxalic Acid. 

Ing. « « « 8029 8018 
S40. « 2019) setae 

—_____ 

3°048 3:033 

Mean inc. corrected . 3:040 

Soda and Acetic Acid. 

Ine... : 2816 BBIRy 

2°833 2°8380 

Mean ine. corrected . 2°83] 

Soda and Tartaric Acid. 

Incg . . . 2693 2-693 
O. «.. . | “OLOaeEentS 

2712 2:708 

Mean ine. corrected . 2°710 
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Ammonia and Sulphuric Acid. 

ee ne | Ina: : . $088 £680 
3 Oo ese “e-Agla UG 

Ammonia and Oxalic Acid. 

2°984 2:969 2°650 2°646 
Mean ine. corrected . 2:976 Mean ine. corrected . 2°648 

Ammonia and Nitric Acid. Ammonia and Acetic Acid. 
Memes « 2506 2-551 ae 
i ‘(010 «O15 Int... ... .. 2469 A462 

A eee a Me See eae: “O17 ‘016 
2°566 2°566 9-486 2-498 

Mean ine. corrected . 2°566 Mean aacaenceicd 2 2409 

ete a Ammonia and Tartaric Acid. 

Ing . . « 2°609 2-607 TnGses is cc, BOeS 2ad4. 

5 ae ae "015 ‘O15 } estas eS ‘O17 ‘016 

2°624 2°622 2°382 2°370 

Mean ine. corrected . 2°623 Mean ine. corrected . 2°376 

In the following Table I have collected the foregoing results, 
arranging the acids in the order of their thermal action :— 

Acid. Potash. Soda. Ammonia. 

; fe} ° (a) 
Sulphuric acid ......... 3°378 3°353 2-976 
USSR 0 rere Be 3058 3°040 2-648 
Hydrochloric acid ...... 3021 2:982 2°623 
Nitrié acid isi.sscccaiesss 2-993 2-929 2°566 
Acetic acid ...sseissececes 2-852 2831 2-492 
WPaktavie Acid 3.....s%s:.- 2°732 2°710 2°376 

It is teresting to observe how closely the results in the 
three vertical columns agree relatively with one another. The 
acids follow in the same order under each base; and even the 
differences in the amount of heat disengaged by the several acids 
in combining with the different bases approximate in many cases 
closely to one another. ‘Thus the heat given out when the sul- 
phuric acid combines with potash exceeds that given out when 
the oxalic acid combines with the same base by 0°'320, the cor- 
responding differences in the case of soda and ammonia being 
0°-313 and 0°:328. If, in like manner, we compare the differ- 
ences between the heat disengaged by the acetic and tartaric 
acids, we fall upon the numbers 0°120, 0°121, and 0°116. 
Hyen in the case of the oxalic, hydrochloric, and nitric acids, 
which disengage so nearly the same amount of heat, the same 
order is observed with the three bases. It must be particularly 

D 2 
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remarked that the oxalic acid disengages from 0°-022 to 0°-058 
more heat in combining with these bases than the hydrochloric 
acid, and from 0°:065 to 0°-111 more than the nitricacid. The 
conclusion of MM. Favre and Silbermann, that the organic acids 
(oxalic, formic, acetic, &c.) disengage sensibly less heat than 
the mineral acids, is thus entirely disproved, and the original 
results recorded in my work of 1841, according to which the 
oxalic acid disengages at least as much heat as the nitric, phos- 
phoric, arsenic, hydrochloric, hydriodic, boracic, and other mi- 
neral acids (with the exception of the sulphuric acid), are fully 
confirmed. The tartaric, citric, and succinic acids, it is true (as 
was also shown in the same work), give out about jj; less 
heat than the average of the other acids; but the acetic and 
formic acids fall scarcely 4, below the mean, and the oxalic 
acid is always above it. These results, in all their main features, 
are fully corroborated by the experiments recorded in this paper, 
which were performed with a more perfect apparatus and a more 
exact thermometer than I had at my command in my earlier in- 
vestigations. A reference to the same paper will show that 
while acids differing so widely from one another as the oxalic, 
phosphoric, arsenic, nitric, hydrochloric, and boracie acids 
scarcely present any sensible difference in the quantities of heat 
which they disengage in combining with the bases, and while, 
of the other acids examined, the sulphuric acid (and probably 
also the sulphurous acid) presents an extreme deviation of 
about one-eighth above the mean, and the tartaric-acid group 
a deviation of about =, below it, the bases, on the contrary 
(and the subsequent researches of Favre and Silbermann have 
confirmed this result), differ altogether in thermal power from 
one another. Thus equivalents of the oxides of magnesium and 
of silver give out 4°] and 1°°8 of heat respectively in combi- 
ning with nitric acid, the former oxide having therefore 23 times 
the thermal power of the latter. Yet, as is well known, both 
these bases fully saturate the acid, and the resulting solutions ~ 
are even neutral to test-paper. For these reasons I have no ~ 
doubt whatever that the first law, as enunciated in 1841, is the 
expression of a true physical law, and that in the combination 
of acids and bases in presence of water the heat disengaged is 
determined by the base and not by the acid. It is true that, in 
this as in similar physical inquiries, experimental results cannot 
immediately be obtained free from complication or disturbing m- 
fluences. ‘The same remark applies to the experimental proof 
‘of the great law discovered by Dulong and Petit, which connects 
the specific heats and atomic weights of the elementary bodies, 
and also to that of the remarkable relations discovered by Kopp 
between the composition and boiling-points of many organic 
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liquids. We have already seen an illustration of one of these 
disturbing influences, in the fact that dilute nitric acid, when 
mixed with water, gives a slight fall of temperature, hydrochloric 
acid a rise; and the differences of specific heat in the solutions 
formed will, to a small extent, modify the results. But the 
cause of the higher thermal power of sulphuric acid I have not 
been able to discover ; and future researches must decide whether 
it depends upon some disturbing cause, or (which is less probable) 
upon its possessing an exceptionally high thermal power. One 
condition, however, is essential, or Law 1 will not apply. The 
acid and base must be capable of combining when brought into 
contact, and of forming a stable compound. In the paper so 
often referred to, I showed that hydrocyanic acid and potash, 
which fail to fulfil this condition, do not disengage the normal 
amount of heat when mixed; and the same observation will 
doubtless be found to apply toa large number of metallic oxides, 
which form unstable compounds with, and imperfectly neutra- 
lize, the bases. 

As regards the experimental proofs of the other laws, even 
those of the fourth law, the truth of which is admitted by MM. 
Favre and Silbermann, they are only approximative ; and here 
also we meet occasionally with peculiar and unexpected results. 
Thus a slight fall of temperature occurs, as Hess showed long 
ago, in the conversion of the neutral sulphate of potash into the 
acid salt; and I found, as indeed might have been expected from 
their alkaline reaction, that in the conversion of the ordinary 
phosphates and arseniates into super-salts, a disengagement 
of heat occurs amounting to about one-seventh of that disen- 
gaged in the formation of the salts themselves. In other cases 
results, at first view startling and apparently anomalous, will be 
found to be strictly in accordance with the general principles 
already laid down. In the formation of double salts there is no 
disengagement of heat—a principle announced in 1841, and 
which ought perhaps to be enunciated as a distinct law, although 
it is implicitly involved in Law 2. Again, if tribasic phosphoric 
acid or arsenic acid is added in fractional portions to a solution 
of potash till the subsalts are formed, the heat disengaged on 
each addition of acid corresponds to the amount of acid added ; 
but after this point has been reached, the disengagement of 
heat follows a different law. The pyrophosphoric acid, on the 
other hand, behaves in the same way as the nitric acid and most 
other acids, when added in successive portions to solutions of 
potash or soda, equal increments of heat being evolved for equal 
additions of acid, till the pyrophosphate of potash or soda is 
formed *. 

* Transactions of the Royal Irish Academy, vol. xix. pp. 245-248. The 
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Appendix. 
In the following Tables I have given the results described in 

this communication and those of 1841 in a form which admits 
of comparison with one another, and with those of MM. Favre 
and Silbermann. I have also added a few determinations re- 
cently made by M. Thomsen of Copenhagen*. It will be seen 
that the original experiments of 1841 exhibit, on the whole, a 
fair agreement with those now communicated to the Society. 
From the small scale on which they were performed (the whole 
weight of the solutions after mixture being less than 30 grms.), 
the imperfect form of the apparatus, and the uncertainty of the 
thermometric indications, I have indeed been surprised to find 
them so near the truth. The results of MM. Favre and Silber- 
mann do not exhibit the precision which might have been ex- 
pected from the high character of those experimentalists, and 
from the accuracy of other parts of their great work. The mer- 
curlal calorimeter employed by them appears to have been little 
adapted to its purpose; but after making due allowance for its 
imperfections, I am at a loss to account for the serious errors 
into which they have fallen. M. Thomsen’s experiments have 
evidently been made with care, and his results agree compara- 
tively with my own; but the absolute amount of heat obtained 
by hin falls far short of what I have found. It is indeed much 
easier to obtain results relatively than absolutely correct. The 
numbers given in this paper will, I believe, be found rarely to 
differ relatively more than 51,5 from the truth; but they may 
hereafter require a small correction in respect to their absolute 
value. That correction, however, can scarcely be more than 
xy of the whole amount; and I have little doubt that the 
number, for example, given by Thomsen to express the heat dis- 
engaged in the combination of soda with nitric acid will prove to 
be as far below the true number as that given by MM. Favre 
and Silbermann is above it. 

TasuiE ].—Potash. 

el Andrews, Favre and Andrews, — 
Soran 1841. Silbermann. 1870. 

DuUMpHUPie * siacccasccvacss 16330 16083 16701 
INGNI GS ssa dteccaseeacadens 15076 15510 14800 
Hydrochloric ........0«:: 14634 15656 14940 
COXGNG. co cres sonteeeeies 14771 14156 15124 
PE CHE Te i oe Sen os 14257 13973 13805 
MREGATLG “i. odes csteneedas: 13612 13425 13508 

eee 

observations of Graham confirm the statement that no heat is evolved in 
the formation of any double salt. Memoirs of the Chemical Society, vol. i. 
p- 83. 

* Poggendorff’s Annalen, vol. exxxviii. p. 78. 



Dr. L. Bleekrode on a curious Property of Gun-cotton. 389 

TasiE IT.—Soda. 

F Andrews, | Favre and | Andrews 
Ge 1841,  |Silbermann.| 1870, ° | Thomsen. 

GIOHUTIC 2.1. )..5080005: 16483 15810 16580 15689 
BUHG oats is cacccine's ooens 14288 15283 14480 13617 
Hyasrochloric .....,..++3: 14926 15128 14744 13740 
PERO ceases seceeeg sess. 14796 13752 15032 
BUM ds ccetecsscces ..| 14046 13600 14000 
MGGTARIG si ceesscesvenevess 13135 13651 13400 

TasiE II].—Ammonia. 

Acid Andrews, Favre and Andrews, 
Sate 184]. Silbermann. 1870. 

Balphuric <..::..:.5..-. 14135 14690 14710 
ET ee 12440 13676 12683 
ELYGTOERIONIC ...22.,02+5- 12440 138536 12964 
Un T2664) yh Od 13088 

CEC ee 12195 12649 12316 
Lt TIAGO fade Vase sis 11744 

VI. On a curious Property of Gun-cotton. 
By Dr. L. BLEEKRODE*. 

THILST engaged in some experiments wherein I tried to 
ignite gun-cotton with the electric spark, I thought to 

facilitate its explosion by wetting it with a highly inflam- 
mable liquid, as, for example, the bisulphide of carbon [CS?]. 
But it was only this latter substance that was immediately set 
on fire by the spark—while the gun-cotton did not explode, but 
remained apparently intact amidst the burning bisulphide, pre- 
senting almost the aspect of a mass of snow slowly melting away. 

This experiment may be easily repeated by moistening gun- 
cotton with bisulphide of carbon, ether, benzine, or alcohol, 
and igniting it afterwards with some flame or other; all these 
liquids yield the same results; and it is without danger, even if 
great quantities are used. 

This effect is not due to the presence of water, as is proved 
by the fact that benzine or the bisulphide of carbon, which may 
be easily had without any trace of water, act in the same manner 
as ether or alcohol; but the explanation of this singular beha- 
viour of so eminent an explosive substance as gun-cotton belongs 
to the very interesting researches of Professor Abel ‘On the 
Combustion of Gun-cotton and Gunpowder’’t+, from which I 

* Communicated by the Author. 
+ Proceedings of the Royal Society, 1863-64, vol. xii. p. 214. 
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‘make the following quotation :— ‘These results indicate that 
if, even for the briefest space of time, the gases resulting from 
the first action of heat on gun-cotton upon its ignition in open 
air are impeded from completely enveloping the burning extre- 
mity of the gun-cotton twist, their ignition is prevented; and 
as it is the comparatively high temperature produced by their 
combustion which effects the rapid and more complete combus- 
tion of the gun-cotton, the momentary extinction of the gases, 
and the continuous abstraction of heat by them as they escape 
from the point of combustion, render it impossible for the gun- 
cotton to continue to burn otherwise than in the slow and im- 
perfect manner, undergoing a transformation similar in character 
to destructive distillation.” ? 

In the same paper are described numerous experiments to 
prove the accuracy of this statement ; and these were made with 
compact gun-cotton twist burning in the open air, in a vacuum, 
or enclosed in narrow tubes; I think that the combustion when 
the cotton is moistened with CS? or any other volatile substance 
proves it in a most direct and very satisfactory manner. By 
enclosing a small quantity of the moistened substance in the 
aperture of a glass tube open at both ends and then igniting it, 
some of the gases resulting from the destructive distillation may 
be collected, among which nitrous acid is easily detected by its 
characteristic odour. 

It was also remarked by Professor Abel that gunpowder, 
when ignited under the same conditions as gun-cotton, behaves 
in a different way: for example, a piece of gunpowder weighing 
14 grains was placed in an apparatus wherein the pressure of air 
was equal to 0°65 inch of mercury; when in contact with a wire 
heated to redness it emitted first vapours of sulphur, and after 
the lapse of three minutes the powder deflagrated. The same 
facts present themselves when gunpowder is spread on a disk 
and moistened with CS?; as it burns, the gunpowder does not 
immediately explode, but some time afterwards; yetit is always 
a true explosion, caused by the chemical action between the char- 
coal and the fused saltpetre, whilst the sulphur is already sub- 
limed*. | 

The above-described experiments afford a striking illustration 
of latent heat for the lecture-table; and I may add in this respect, 
that when a small piece of phosphorus is placed in the moistened 
mass of gun-cotton, during the combustion this substance is 
melted, and even boils, but does not burn, as it is prevented from 
contact with oxygen till all the gun-cotton has disappeared. 

And, to conclude, it may be perhaps of use to remark that, 
by keeping gun-cotton in a flask under a layer of benzine or 

* Professor Abel, loc. cit. p. 212. 
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bisulphide of carbon, the danger of an explosion in the case of 
fire is eliminated; for if the liquid happen to be ignited by 
some cause or other, the gun-cotton will be only slowly destroyed. 
When required for use, a brief exposure to air restores its ex- 
plosive properties. 

The Hague, December 1870. 

VII. On Solutions for depositing Copper and Brass by means of 
Electric Force. By W.H. Warenn, F.C.S.* 

5 ee practical value of an electro-deposit mainly depends 
upon its structure. As this structure is formed under 

circumstances that have no analogy in the ordinary treatment 
of metals by heat, it is worthy of separate study. When a 
metal is cast into the desired form, the homogeneousness of 
the result is, to a great extent, ensured by the whole of the metal 
being in the same state at the same time; the electro-deposit, 
on the contrary, takes time, and frequently has to bear the in- 
fluence of fluctuating electric power in its production, besides 
other irregularities that none can realize except those who have 
studied them and have submitted the resulting deposit to rigo- 
rous examination. 

The variety of structure of deposits of metals and alloys from 
their electrolytical solutions is very great, and is sometimes 
much affected by slight alterations and impurities in the solu- 
tion, to an extent not generally known. To obtain trustworthy 
results in the examination of deposits, it is necessary to observe 
minutely the surface of the metal as soon as it comes from the 
solution, as well as the fracture of the deposit, with a compara- 
tively low magnifying-power, a single lens being sufficient. 

The deposits from the solution of a neutral salt of a metal, or 
of a neutral salt with an excess of its acid radical, are well known, 
and may be classified into the ‘‘ powdery ” (great electric power 
upon a weak solution giving a black powder with the principal 
metals), the ‘‘reguline,” and the “crystalline.” The reguline 
deposit is subject to variation in quality ; in the case of copper, 
perhaps the best solution to deposit the normal quality is :— 

1. Normal solution.—Cupric sulphate, one pound; sulphuric 
acid, one pound ; water, one gallon. 

This soluticn deposits the metal in a compact mass, quite 
solid, and having an exterior surface somewhat botryoidal in 
character. 

On one occasion the normal solution was worked by means of 
a porous cell without a separate battery (the single-cell process), 

* Communicated by the Author. 
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and the zinc solution was allowed to infiltrate considerably into 
the external cupric solution; the result was that the botryoidal 
form entirely disappeared, the metal being deposited in tufts 
close together (when viewed by the naked eye) and rising verti- 
cally from the surface of the cathode. These, when viewed with 
a microscope, were seen to be perfectly separate tufts standing 
up at right angles to the surface. The influence of asmall pro- 
portion of zincic sulphate to the gallon of depositing solution, 
as recommended by Napier* (one ounce to the pound of ‘cupric 
sulphate), is known to nearly annul the botryoidal form, and to 
render the deposit tough, compact, and even; but, to test the 
action of an excess of this salt, a solution was made as follows:— 

2. Abnormal solution.—Cupric sulphate, one pound ; sulphuric 
acid, one pound ; zincic sulphate, four ounces ; water, one gallon. 

On trial with a Maynooth cell, this solution yielded a result 
like in character to that produced by the infiltration of the zine 
solution from the porous cell, but more marked. 

The general characteristic of electrobrassing-solutions, when 
in good order, is to deposit the metal in needles at right angles 
to the surface, more or less detached from one another, accord- 
ing to the state of the solution and the electric power employed. 
This peculiarity can be traced to the fact of alkaline solutions 
being used for this purpose, the metal of the alkali being prone 
to be deposited (for an infinitely small duration of time) toge- 
ther with the heavy metals, and to the hydrogen copiously given 
off during deposition. With Morris and Johnson’s solution + 
(the solvent solution of which is composed of potassic cyanide 
and ammonie sesquicarbonate) it was found impossible to deposit 
a thickness of metal of more than -01 inch free from spongy or 
tree-like formation. Other solutions were found to give a like 
result. Although in facility of management and constancy of 
action the author found that a solvent solution composed of po- 
tassic cyanide and neutral ammonic tartrate [ was superior to 
the other known brass solutions, this solution would not deposit 
good metal of more than ‘03 inch thick, hydrogen being given 
off (in less quantity than in other solutions) during deposition. 

Having observed that a solution containing the sulphates of 
the metals, together with potassic cyanide and an excess of am- 
monia, could be worked with a single-cell arrangement (the 
porous cell containing the same materials as the external cell 
without the copper and zinc) without the evolution of hydrogen, 
the author found that this was owing to the presence of the oxides 
of the metals, as well as their cyanides, in the solution; and, 

* Electro-metallurgy. By James Napier, F.C.S. Fourth edition, p. 49. 
+ Morris and Johnson’s Patent-Speeification, No. 1032, a.p.1852. 
{ Walenn’s Patent-Specification, No. 1540, a.p. 1857. 
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after many experiments, he has adopted the plan of adding to 
any brass electrolytic solution (but preferably to that containing 
potassic cyanide and ammonic tartrate, mentioned above) the 
oxides of the constituent metals as well as their cyanides, and, if 
this does not perfectly stop gaseous evolution, some cupric am- 
monide*, The resulting solution has been found to produce 
brass of a uniform character; and it gives a deposit which, when 
microscopically examined, is in texture very much like that pro- 
duced by the acid copper solution containing zine, recommended 
by Napier; the solution is capable of depositing the alloy to any 
thickness. If combined oxygen is carried to the cathode by the 
cupric ammonide, the action may be expressed by the equation 

At the cathode before chemical reaction. At the oe ter chemical 

{Cu? O, 4NH?+4H? OY) H2 = Cu? +4NH2 + 5820. 

Cupric ammonide. Hydrogen. Copper. Ammonia. Water. 

The formula for cupric ammonide is that of Malaguti and 
_Sarzeau. The cupric ammonide and the eliminated hydrogen 
go to the cathode, chemical reaction then takes place, copper is 
deposited, ammonia is in solution, and water is formed. 

The imperfect results afforded by ordinary brass solutions are : 
1st. The porous character of the deposit, arising from the se- 

paration between the parts of the needle-shaped structure. 
2nd. The constant and brisk evolution of hydrogen, being 

favoured by the pointed character of the deposit from its coim- 
mencement, augments as the coating grows in thickness, and 
gives in a short time, and at the attainment of an insignificant 
thickness, a tree-like formation, which still further degenerates 
as the coating proceeds, so as to render the accomplishment of 
any thickness more than a mere film impracticable. In practice, 
the article being coated is taken out every few minutes, scratch- 
brushed, and then replaced. With two hours of this treatment, 
the coating is still porous and is very little better than that given 
by a skilful application of bronze-powder, and then it has to be 
varnished (when used for coating iron) to prevent rust-spots 
forming on its surface by the action of the air. 

3rd. The evolution of hydrogen consumes electric power, and 
renders a high intensity requisite to make up for the loss; so 
that, with ordinary solutions, two Bunsen’s cells, of considerable 
effective positive surface, are barely sufficient to bring out the 
article in a serviceable condition. 

4th. It is very difficult, and in some cases impossible, to pre- 
vent the exudation of some of the solution occluded within the 
pores. This exudation causes unsightly spots, which are only 
apparent after the work has been completed some hours. 

* Walenn’s Patent-Specification, No. 3930, a.p. 1868. 
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The results achieved by the total prevention of the evolution 
of hydrogen, by the author’s process, are :— 

Ist. The attainment of a perfectly solid coating with no pores. 
2nd. The ability to deposit to any thickness without any de- 

terioration of coating, not only rendermg the external protective 
coating of varnish quite unnecessary, but making it easy to coat 
a given article to any thickness without removing it from the 
bath until it is finished. If desired, the coated article may be 
pickled in brass-finisher’s pickle, or it may be burnished, filed, 
or otherwise treated as solid brass, to produce a serviceable 
article. 

ord. There being no evolution of hydrogen during deposition, 
all the electric force is utilized in depositing metal, and no more 
than one Wollaston’s or Smee’s cell is necessary to give a perfect 
result. To save time in practice, it is often advisable to use a 
single Bunsen’s or Maynooth cell, or equivalent magneto-electric 
power. 

Ath. The solidity of the coating prevents the possibility of any 
exudation or formation of spots, for there are no pores to occlude 
the solution. 

Many square feet of cast and wrought iron have been coated, 
and many varieties and different qualities of brass have been 
produced, by the author’s process. Amongst other work pub- 
licly exhibited is a cast-iron roller weighing ninety-six pounds 
and having a coating of twenty-nine pounds. 

The iron articles coated by the new process have all the 
strength of iron and the beauty of brass, in consequence of the 
complete command obtained thereby over the quality of the de- 
posit, as well as its thickness and perfect structure. 

74 Brecknock Road, N. 
December 1870. 

VIII. On the Probable Character of Cometary Orbits. By A.S. 
Davis, B.A., Mathematical Master, Leeds Grammar-School. 

[Continued from vol. xl. p. 190.] 

i ie a previous paper on this subject I arrived at the conclusion 
that out of every hundred comets approaching the sun in 

hyperbolic orbits, and having perihelion distances greater than 
the radius of the earth’s orbit, more than twenty-three on the 
average will have excentricities greater than 1-02. 

The assumptions on which this result was obtained were, first, 
that the parallaxes of the stars nearest the sun are about half a 
second; and secondly, that the velocities of comets at a great 
distance from the sun vary from zero to three radu of the earth’s 

— oe ee, ae 
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orbit per annum, and that between these values there are as 
many comets with one velocity as with another. Let us consider 
whether these assumptions require modification. 

First, with regard to the assumption as to the parallax of the 
nearest stars, it is to be remarked that there are only two stars 
known to have parallaxes as great as half a second. Hence in 
only two directions from the sun are we certain that the distance 
of the nearest stars is as small as that which corresponds to a 
parallax of half a second. 

But the greater the distances of the nearest stars are assumed 
to be, the less will be the percentage of comets with excentricities 
greater than 1:02. It will be well, mm order to avoid all possi- 
bility of obtaining too high a percentage through assuming too 
small a value for the distance of the nearest stars, to calculate 
what the percentage would be on the extreme assumption that 
their parallax is only 05". (As the sphere which would enclose 
all the stars whose parallaxes are greater than 05” will be 1000 
times as large as the sphere which encloses the two stars whose 
parallaxes are greater than ‘5”, it is extremely improbable that a 
large number would not be met with within this sphere in all 
directions from the sun.) The result of calculation on this as- 
sumption is that, of the comets whose perihelion distances are 
unity, the average percentage having excentricities greater than 
1:02 lies between 19 and 23, the firstof these values being the 
percentage calculated when R is taken equal to 400,000, and the 
second when R is taken equal to 4,000,000. 

Secondly, with regard to the velocities which comets have on 
first coming into the sun’s attraction, we remark that the smaller 
these velocities are assumed to be, the smaller will be the per- 
centage of comets with excentricities greater than 1:02. We 
must then inquire whether we have assumed these velocities to 
be greater than they really are. 

Now, as I have before remarked, the average velocity of comets 
before coming under the predominant attraction of the sun must 
be as great as the average velocity of the fixed stars. Let us con- 
sider, then, what evidence we have regarding the velocities of 
the stars. 

I. The velocities of the stars relatively to the sun arising from 
the sun’s motion in space is about 1°6 per annum. 

II. The sums of the squares of the proper motions of the stars 
before and after correction for the sun’s motion differ by only 
a small fraction of the whole uncorrected sum. The explana- 
tion of this fact appears to be that the average proper motion of 
the stars is much greater than the sun’s proper motion. 

III. When the parallax as well as the proper motion of a star 
is known, the component of its velocity perpendicular to the line 
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in which it is seen may be ascertained. Dividing the proper 
motion by the parallax, this component is obtained expressed in 
terms of the radii of the earth’s orbit per annum. 

The following Table exhibits the components of the velocities 
thus calculated of the stars which are believed to have a sen- 
sible parallax. 

Component of 
Star. . Parallax. |Propermotion. velocity. 

tah 4/ é 

% Centauri ....:..0605: 0:9187 3°9 4-2 
GU@ yee, i. scseusces 05638 5:12 9-1 
21250 Lalande ...... 0:2709 
17415 Ciltzen......... 0-247 
0830 Groombridge... 0-226 6:97 30°3 
70 Ophiuchi ......... 0:16 0:25 16 
BAIS, |-obecehescetee: - 0:155 0:33 2-1. 
ITIUS ¢hevseerlerdsscsud 0-150 1:34 9-0 
@ Urs Majoris ...... 0183 0:54 4:1] 
iAnebunus| ctesvoseeesss 0-127 2°22 17-1 
IPOLAIIS 1 Goats ease es 0:067 0:03 2-3 
Capella ‘seis:s22. 0.000 0:046 0:44 96 

The average of these velocities is much higher than the greatest 
value we assumed for the whole velocities of comets at a great dis- 
tance. It must, however, be noticed that many of these stars 
were selected as likely to exhibit a sensible parallax because of 
their large proper motions, and therefore that their average velo- 
city cannot be taken altogether as an index of the average velocity 
of all stars. 

IV. More than 300 stars are catalogued as having proper mo- 
tions greater than 0-5. IZf we assume, what will certainly be 
the fact, that most of these stars have parallaxes much less than 
Q"-2, then most of them have proper motions much greater 
than 2°5. 

V. By the displacement of the lines in the spectrum of the 
light of Sirius, it has been found that it is approaching the sun 
with a velocity of 29:4 miles a second. Thisis a velocity of 10°14 
radi of the earth’s orbit per annum. 

For these reasons we may I think conclude that the velocities 
of the stars, and therefore of comets, when at a great distance 
from the sun, are on the average greater than the velocities which 
we have assumed comets to have in our calculations, and, there- 
fore, that the percentage of hyperbolic comets having excentrici- 
ties greater than 1:02 resulting from our calculations will be less 
than the actual percentage. : 

We have hitherto only considered those comets which approach 
the sun in hyperbolic orbits. It is, however, quite possible that 
comets may approach the sun for the first time, coming from the 



Character of Cometary Orbits. 47 

interstellar regions of space and passing away never to return 
again, in orbits which in the neighbourhood of the sun are ellip- 
tical, but which lose their elliptical character in those parts 
which are so distant from the sun that the attraction of the stars 
is not insensible compared with the sun’s attraction. This will 
be the case for any comet whose relative velocity with respect to 
the sun when first it comes under its predominant attraction is 
less than that due to a fall from an infinite distance—that is, if 

RB be its distance from the sun, if it is less than / . 

With regard to the probable number of comets moving in such 
elliptic orbits compared with the number of comets moving in hy- 
perbolic orbits, it may be remarked that though the number of co- 
mets having at a great distance from the sun velocities relatively 

to the sun less than \/ = will be very small compared with the 

whole number of comets, yet these comets are more likely to 
be drawn near the sun and thus to be observed from the earth 
than comets with larger velocities, and, therefore, that the number 
of comets with such elliptic orbits and perihelion distances so 
small that the comets may be observed from the earth may 
not be small compared with the number of hyperbolic comets. 
I will now attempt to calculate what this number will probably be. 

Let us consider a comet at a distance R so great that the direc- 
tion in which it may be moving is wholly independent of the 
sun’s position with respect to it. That this may be the case, we 
must take R so great that the attractions of the stars upon the 
comet may be as great as the sun’s attraction, and therefore the 
resultant attraction upon the comet not necessarily in the direc- 
tion of the sun. Let us consider first what would be the sub- 
sequent motions of comets if, upon arriving at the distance R, 
they were to cease to be influenced by any attraction except that 
of the sun. We shall take into consideration those comets only 
whose subsequent orbits would be elliptical—that is, those co- 

meis which have velocities less than ah “= : 

Putting e=1—e, it will be seen, by making the proper altera- 
tions in formula (8) of my former paper, that the probable num- 
ber of comets which have perihelion distances lying between g 
and g+6q, and excentricities lying between 1 and 1—e, is pro- 

Re 
portional to — log ( 1— ay) x Og. 

The greatest value ¢ can have will be that which it has when 
Ri is itself the aphelion distance of the comet’s orbit; and this 
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value of € is given by the equation 

| B27) te ye eniag 
7 = weer > = R+q 

Substituting this value in the expression above, we obtain 

q 
R+ q 

Thus, on the supposition that after comets have arrived at a 
distance R from the sun they cease to be attracted by the stars, 
the probable number of comets having perihelion distances be- 
tween g and g+6g and excentricities less than unity is propor- 

— log x dg= log 7 x 6g very nearly. 

tional to eee x 6g. But the attraction of the stars upon ‘a 

comet does not cease when it has arrived at a distance R from 
the sun. The effect, however, of their attraction will be to di- 
minish the number of comets with perihelion distances so small 
that they can be observed from the earth; for their attraction 
will generally diminish the force acting upon the comet in the 
direction of the sun, and will cause the direction of the whole 
resultant attraction not necessarily to lie in the direction of the 
sun. Thus the comets will have their directions of motion less 
deflected towards the sun than they would be if they were not 
attracted by the stars, and consequently will have larger perihe- 
lion distances, so that fewer will be observod from the earth. 

We may then take log x x 6g as a superior limit to the number 

of comets with perihelion distances between g and g+6q, and 
excentricities less than unity. We have, therefore, the ratio of 
elliptic to hyperbolic orbits less than 

R R 
ace x og: log (1+ 23 X 5) x 6g, 

a ratio which for moderate values of g does not differ much from 
unity. 

Hence out of every hundred comets approaching the solar — 
system for the first time and having perihelion distances equal — 
to unity, about fifty will move im hyperbolic orbits, and of these 
fifty about ten or eleven at least will have excentricities greater 
than 1:02. For comets with perihelion distances larger than 
unity there will be even a larger percentage than ten or eleven 
having excentricities greater than 1:02. 

We are thus led to the conclusion that a large majority of 
those comets whose orbits are undistinguishable from parabolas 
are not visitors to the solar system for the first time, because, if 
they were, the percentage of comets with excentricities greater 
than 1:02 would be very much smaller than by theory it should be. 
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I now wish to point out a possible method by which comets 
of very long period may have become permanently attached to 
the solar system. 

The known elliptic comets are supposed to have had their 
orbits changed into ellipses by perturbations produced by the 
planets ; and there are several reasons for believing this to be the 
true account. Thus the planes of their orbits have a decided 
tendency to make a small angle with the plane of the ecliptic, 
and a large percentage of them have a direct motion. Both 
these facts agree well with the theory that they have had their 
orbits changed by the perturbing influence of the planets. 

It may be well here to remark that this tendency of the planes 
of the orbits of periodic comets to have a small inclination to the 
plane of the ecliptic does not arise from any disturbing action of 
the planets upon their orbits after they have become periodic, 
but arises from the fact that a non-periodic comet is more liable 
to become changed into a periodic comet the smaller its inclina- 

tion to the ecliptic upon its first approach to the sun. The 
disturbing influence of the planets upon the planes of the orbits 
of periodic comets will on an average act as much to increase 
as to diminish their inclinations to the ecliptic. But when 
we come to consider the parabolic comets, we find that the comets 
having aretrograde motion are more numerous than those which 
have a direct motion, and also that the planes of their orbits ex- 
hibit no tendency to make a smaller inclination with the plane 
of the ecliptic than with any other plane. Out of 174 parabolic 
comets, 101 or 58 per cent. have a retrograde motion, and 102 
or 59 per cent. have the planes of their orbits inclined at an 
angle greater than 45° to the ecliptic. These facts are opposed 
to the theory that these comets have had their orbits changed by 
the attractions of the planets; and we are thus induced to seek 
for some other cause. 

May not an adequate cause be found in the resisting medium 
which is supposed to surround the sun? We have seen that 
many comets must approach the sun for the first time moving in 
elliptic orbits. The aphelion distances of some of these orbits 
will be less than the distance of the nearest stars, and may be so 
small that, if they be diminished to any considerable extent, the 
comets will become permanently attached to the sun. Now the 
effect of a resisting medium upon a very excentric orbit in 
changing the length of the major axis will be much greater in 
the course of one revolution than it is in the case of an orbit of 
moderate excentricity such as Encke’s. We may form a rough 
notion as to what effect the resisting medium would have in di- 
minishing the semiaxis of the orbit of a comet of long period by 
the following approximate calculations. 

Phil. Mag. 8. 4, Vol. 41. No. 270, Jan, 1871. E 
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Assuming with Encke that the resistance opposed to 4 comet’s 
motion varies as the square of its velocity, and inversely as the 
square of its distance from the sun, the change produced by the 
resisting medium at any part of the comet’s orbit is given by the 
equation , | 

da ke (1 +e cos uw)? 

du (1—e cos u)? } 

where eis the excentricity, w the excentric anomaly, and k a 
constant. 

For very small values of u we have 

JL eu yi eu? “5 wate S +...) (Inet Fa...) 

Mis (+e)? e wu? 3 Bg? Bisun ee -- amae pete Ute goed : 

+e)*f 3 oe f Die \ a) ee 2 bal = Se ope sale ee ae 4° Tig Seas 

1+e)2 Si 2 
= ree neglecting terms containing u* and i 

(1—e)? ie 
Hence 

+u = 

{ ee a ee 
—U du (l—e)? 

if ube very small. The excentric anomaly of the end of the 
b? ~1—e? 

latus rectum is tan~! we = very nearly, if e does not differ 

much from unity. 

Hence the change produced in the semiaxis of the orbit whilst 
the comet is passing from one end of the latus rectum through 

perthelion to the other end is a og Wbackale = — 8k v2 nearly, if 
e(1—e)? et aa 

e=1—e and ¢ is small. 

The change produced in another orbit will be 8k V2 ; and 

: a NE the ratio of these changes is (<) ", Let us suppose that the 
two orbits have equal perihelion distances. Then, since a very 
large portion of the whole change which is produced during one 
revolution in the semiaxis of the comet’s orbit is produced whilst 
the comet is passing from one end of the latus rectum, through 
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perihelion, to the other end, the above ratio may be taken to re- 
present approximately the ratio of the changes produced in the 
two orbits during one revolution. 

If a, a’ be the semiaxes of the two orbits, and 6a, da! the 
changes which they undergo in one revolution, 

ba (<y 
Sa! Ne) 

i PP a, so that P! is the periodic time in an orbit whose se- 
-miaxis is a’, then 

oa! = 3a 72° |. 8Pl; 

i 24 26) P’. SP! 

ify =3(: ian? 

2 2, Va.P!. dP! 
naka gia? ; 

if gis the common perihelion distance of the two orbits. If, 
now, P’, a’, &c. belong to Encke’s comet, 

O11 
365 ” 

Let us now take a=200,000, so that the aphelion distance is 
400,000, or about half the distance of a star whose parallax is 
0"-25. On substitution and reduction we obtain 

oa =°018. 
a 

e= bo, , a =2°216,. P'=3:296,. 6P= g=0°340. 

Thus, on the assumption that, under the same circumstances as 
to velocity and distance from the sun, the resisting medium would 
offer the same amount of resistance to the comet of long period 
as to Encke’s comet, we arrive at the conclusion that its aphelion 
distance will be diminished by about -018 of its original length. 
A diminution to this amount would be sufficient to change a 

comet’s motion in some cases into a periodical revolution about 
the sun. There are, however, reasons for believing that the 
retardation which comets of long period have undergone on first 
becoming attached to the solar system must have been greater 
than the retardation which Encke’s comet now experiences. The 
first reason is, that a comet appears to lose at each approach 
to the sun its rarest and most volatile parts, or those which 
offer the greatest resistance to motion; and the second is, that 
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at the period when it first became attached to the solar system, 
the nebulosity about the sun was probably much greater than 
it now is. 

Lastly, we have already noticed that, out of 174 parabolic 
comets, the number which have a retrograde motion is consider- 
ably greater than the number which have a direct motion, and 
also that the number which have an inclination to the ecliptic 
greater than 45° is considerably greater than the number which 
have an inclination less than 45° 

If these facts are not due to mere chance (and that they 
are due to chance is improbable), they are themselves an evi- 
dence that the parabolic comets are not, for the most part, 
visitors to the solar system for the first time*. But if these 
comets are periodic, and if they have become so by some cause 
which has acted equally on comets approaching the sun with 
direct and retrograde motions and in any directions, then we 
should expect that the comets with a retrograde motion would 
be more numerous than those which have a direct motion, and 
also that those whose planes are inclined to the ecliptic at an 
angle greater than 45° would be more numerous than those 
whose planes have an inclination less than 45°. This we should 
expect, because a greater number of those with a direct motion — 
than of those with a retrograde motion and a greater number of — 
those with an inclination less than 45° than of those with an 
inclination exceeding 45° would be subsequently changed by the 
attractions of the planets into comets of comparatively short 
periods; and therefore, of those left unchanged, a majority 
would have retrograde motions and large inclinations to the 
ecliptic. It 1s a confirmation of this theory to find that, if we 
take into account all known comets, 48°9+ per cent. and 51:1 
per cent. respectively, or numbers very nearly equal, have direct | 
and retrograde motions. 

The sum of what I have endeavoured to prove is :— 
I. That the great majority of comets whose orbits are undi- 

stinguishable from parabolas are moving in elliptic orbits, and 
are permanent members of the solar system. 

II. That these comets have not, like the comets of short pe- 
riod, become permanently attached to the solar system through 
changes which have been produced in their orbits by the per- 
turbing attractions of the planets; and that the loss of velocity 
which they have experienced in passing through the resisting 

* The probability that out of 174 comets not more than 73 will have 
direct motion is about 3 
we For this and other ‘statements see Chambers’s ‘Astronomy,’ pp. 346- 

): 
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medium which surrounds the sun may have been sufficient in 
many cases to change the paths of comets which would otherwise 
have passed away to other stars, into periodical orbits about the sun. 
- Roundhay Vicarage, 

December 1, 1870. 

Errata in former paper. 
Page 183, line 20, for directions read their directions of motion when at 

a great distance from the sun. 
Page 189, line 20, for 1’ read 0-05. 

IX. Note on the Zodiacal Light. 
By Ricuarp A. Proctor, B.A.* 

a cannot but be regarded as a remarkable circumstance that 
the nature of the zodiacal light should in the present state 

of astronomy continue to be a questio vexata. I do not here 
refer to the physical constitution of this object, respecting which 
we may possibly be unable for many years to form a satisfactory 
theory, but to the determination of the actual position of the 
zodiacal light m space. Astronomers have been able to deter- 
mine from geometrical considerations the paths of such objects 
as comets and meteors; it would therefore seem that the posi- 
tion of such an object as the zodiacal light ought ere this to 
have been determined. 

Yet it must be admitted that there are peculiar difficulties 
in this problem. We can reason respecting the distance and 
motion of a comet, because we know that our observations are 
made on one and the same body, whose motions are in accord- 
ance with the laws of gravity. It is otherwise with respect to 
the zodiacal light. We see a certain glow or radiance occupy- 
ing a definite position with respect to the horizon and to the 
celestial circles ; but we have no means of ascertaining whether 
the objects from which that radiance proceeds are the same at 
any one time as at any other, or indeed (as will presently appear) 
whether a single one of the constituents forming the zodiacal 
gleam at one season is present within the same region of the 
solar system at another. 

The geometrical conditions applicable to the zodiacal light 
are, however, too definite to admit of question ; in other words, 
the path to be followed in seeking fora theory of this object is 
unmistakable. Hitherto, so far as I am aware, that path has 
not been traced out far enough for the attainment of definite 
views, the perplexities which presently surround us as we follow 
it having seemed perhaps to render further research hopeless. 

It happens, however, not unfrequently that the very difficul- 
* From the Monthly Notices of the Royal Astronomical Society, No- 

vember 1], 1870. 
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ties surrounding a subject of this sort assist us—in this way, 
that they enable us to reject theories which otherwise might 
engage our attention and so cause perplexity. Precisely as the 
very complexity of a lock makes us all the more certain that a 
key which opens the lock is the key really appertaining to it, 
so, where a subject of astronomical research presents many per- 
plexing phenomena, these become so many reasons the more for 
accepting a theory which is not contradicted by any one of 
them. 

This is, I think, the case with the zodiacal hght. We are 
able, as I hope now to show, by considering the peculiarities of 
this object to get rid, one after another, of various theories which 
might otherwise distract our attention. And though by this 
process of elimination we may not be enabled to determine quite 
the true theory of this object, we can yet considerably narrow 
the field within which selection has to be made. 

The first considerations to be dealt with are those which de- 
pend on the normal features of the zodiacal light. It is well 
known that the light exhibits usually the figure of an oblique 
conoid whose axis lies close by the ecliptic, and whose vertex 
lies at a varying distance from the position of the sun. Near 
the axis the light grows brighter, except close by the vertex, 
where it is even fainter than at the other parts of the border. 
The following Table, prepared by Herr Klein from ‘modern ob- 
servations, indicates the varying range of the vertex from the 
place of the sun, though it must be remembered (and will be 
recognized at once by every one familiar with the varying posi- 
tion of the ecliptic during the year, and other like circum- 
stances) that these measures indicate variation in the extent of 
visibility rather than (of necessity) any real variation in the 
extent of the light. 

Distance of vertex 

Day of the year. from sun. Part observed. 

January Dib Aina mieRs-O Western half. 
3 264.208). 40 owOIeQoet i 

Pebruary wl lores af 32 S10 # 
March hawt: cite 40 8 
April Acres te to¥5O $3 
May Ages e180 a a 
August thas aie bwe FEO ; Ee 

Neptemberskiniie. ln with SSO Eastern half. 
Detober:s: UiFirovs we wienP4as Fy 
Navember}20. 12129 Hol FB i 

x 29rd) . sehr G35S Le 
December 13... 2 Gee 61:0 35 

93 28 “2 : ? 80°5 , Sy ee 
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. The setting of the zodiacal light when the western half is 
visible, and the rising of the light when the eastern half is 
visible, take place quite regularly, and in a manner precisely 
corresponding with what would be observed if the zodiacal light 
were a distant object like a planet, a star, or a portion of the 
Milky Way. 
Now these circumstances at once enable us to reject the theory 

that the zodiacal light is a terrestrial appendage, by which I 
understand for the moment an object lying within the earth’s 
atmosphere. Tor there can be no question whatever that if any 
definite portion of our atmosphere were rendered luminous in 
any way, that portion would either occupy an unchanged posi- 
tion or would shift according to the laws regulating the process 
of illumination, or according to the winds or other like terres- 
trial causes. Now that on any given occasion such causes 
might so operate as to give the illuminated air the appearance 
of rising or setting, as celestial objects do (that is, not merely 
rising or setting, but rising or setting along declination-paral- 
lels), is quite possible, however unlikely. To take an illustrative 
instance: a balloon seen at any one instant between an observer 
and the sun might be carried by the winds so as to continue 
between him and the sun, even until the hour of sunset. But 
to suppose that night after night at any station a relation so 
peculiar would characterize the illuminated air, is hke sup- 
posing that a balloon, started day after day from a given place, 
would day after day fulfil the condition considered above. | This 
is obviously incredible. But even if it were credible, it would 
be insufficient, since the region of our atmosphere which would 
have to be illuminated, in order to account for the zodiacal light 
as seen in one place, would, as seen from other stations, present 
an appearance wholly different from that of the zodiacal light. 
In fact, if the former place were in England, the zodiacal hight 
would actually be in the zenith of places 900 miles or so west or 
east of England. 

Next we have the normal aspect of the zodiacal light in dif- 
ferent latitudes to consider. Now we have the most positive 
assurances from astronomers of eminence that the zodiacal light, 
wherever seen, occupies ordinarily precisely those regions of the 
heavens corresponding to the theory that it is too far from the 
earth to have an appreciable parallactic displacement. We have 
the evidence of practised astronomers like the Astronomer Royal 
for Scotland, Captain Jacob, and otbers ; and all the evidence we 
have points to the conclusion that the zodiacal light, as seen in 
the tropics, extends at any moment over those same parts of the 
stellar heavens which it illuminates as seen from our northern 
stand-pomt. The limits of the light may seem greater in those 
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latitudes than in ours; but the axis of the conoidal gleam is 
situated precisely as with us. 
Now it seems wholly unquestionable that this quality of the 

light should dispose at once and for ever of the theory that the 
zodiacal light is due to the existence of a ring of matter around 
the earth. | 

Let it be remembered that there is only one way in which the 
ordinary aspect of the zodiacal light.can at all be interpreted on 
such an hypothesis. If there were aring of meteorites as far 
from us as the moon is, then undoubtedly there would bea 
gleam in the west after sunset, and in the east before sunrise, in 
the position where we see the zodiacal light. And further, the 
individual meteorites producing any portion of that gleam would 
undoubtedly rise and set much as the zodiacal light is observed 
to do. But there would also be a gleam, and a much brighter 
gleam, in the south. The meteorites rising and setting would 
turn only a small portion of their illuminated faces towards us, 
those in the south (on or close by the ecliptic) would be “ full,” 
so to speak, and their combined lustre would be proportionately 
more considerable. Now supposing the ring exactly coincident 
with the ecliptic, the earth’s shadow would fall on the part due 
south. But the width of this shadow would (on the supposi- 
tion we are considering) be relatively small. At midnight, in 
our latitudes, we should undoubtedly, on this supposition, see 
two arms of light extending from the eastern and western hori- 
zon along the ecliptic, each growing brighter and_ brighter 
towards the south ; and a relatively narrow black rift would he 
between the bright extremities of these arms. It is no theory 
that this would be the case, but a simple deduction from the 
most obvious geometrical laws. 

If, then, we are to have a ring round the earth, it must lie 
far within the moon’s orbit, so that the earth’s shadow may be 
wide enough to cover the meteorites along the whole of that 
long are which under ordinary circumstances is undoubtedly un- 
illuminated. The earth’s shadow cannot be more than 8000 
miles across anywhere, and we must have our ring at sucha — 
distance that this width of 8000 miles may correspond to (or 
subtend) that wide are of darkness actually observed under or- 
dinary circumstances. (It is absolutely essential that ordinary 
circumstances should be accounted for; only when this has 
been done need we begin to inquire into extraordinary circum- 
stances.) 

Now we need not leave our own latitudes to decide how far 
off the ring should be to account for the apparent dimensions of 
the zodiacal light, because on the theory that the earth’s shadow 
falling on a rmg of some sort defines the limits of. visibility of 
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the light, it would follow, precisely as in the case just con- 
idered, that the light would grow brighter and brighter up to 
the very edge of the shadow. (Supposing that edge to corre- 
spond to the extent of the earth’s shadow, there would be a 
somewhat ruddy bordering; but up to the commencement of 
that fringe there would be a regular increase of brilliancy.) But 
passing over this consideration (and also the consideration that 
the observed aspect of the zodiacal light in our latitudes is wholly 
consistent with the aspect thus shown to be due to the hypo- 
thesis we are dealing with), we may take as most favourable to 
the hypothesis of a meteoric ring near the earth those observa- 
tions of the zodiacal light in tropical regions which give to the 
ordinary apparitions of the light the greatest observed extension 
from the sun. 

We have it on the authority of Professor Piazzi Smyth that, 
even when he observed the zodiacal light under exceptionally 
favourable conditions (from an elevation, namely, of no less 
than 11,000 feet above the sea-level), the western tongue had 
completely set fully four hours before the eastern tongue began 
to rise. Now, even if the eastern tongue were just beginning to 
rise when the western tongue had fully set, there would still be 
an arc of 180° between the two vertices*. But the shadow of 
the earth would not account for such an arc as this between the 
vertices, unless the outer part of the ring had a radius not ex- 
ceeding ,/2 x radius of the earth (even in the most favourable 
case of a station near to the equator) ; and with such a radius as 
this the outer part (even) of the ring would be always invisible 
from places having a higher northerly or southerly latitude 
than 45°. 

And even if we set this demonstration on one side for a mo- 
ment, it is yet obvious that, whether a ring lying relatively near 
the earth coincided in plane with the equator or with the ecliptic, 
or with any intermediate plane, it could not possibly exhibit 
any approach to coincidence with the celestial ecliptic when 
viewed from high latitudes. Further, as seen from high 
northern latitudes, such a ring would always have a parallactic 
displacement, causing it to lie to the south of its geocentric 
position, and vice versd; whereas no such association between 
the latitude of the observer and the apparent position of the 
zodiacal light has ever been observed, far less such a systematic 
association as the case requires. 

It is geometrically impossible, then, that the ordinary aspect 
of the zodiacal light can be accounted for by any theory which 
represents it as due to a ring of light-reflecting bodies around 

* It must be remembered that each vertex, as the zodiacal light was 
seen by Professor Smyth, lay close by the ecliptic. 
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the earth, whether that ring be close by the earth or at a dis- 
tance comparable with the moon’s*. 
- We need not consider the theory that the light may be due 
to a self-luminous ring around the earth, for obvious reasons, 

Now, passing from the normal features of the ring to more or 
less exceptional peculiarities, we find ourselves compelled to re- 
ject yet one other theory of the light; I mean the theory that it 
is due to a disk of minute bodies travelling in orbits of small 
eccentricity around the sun. 

The peculiarities which oppose themselves most strikingly to 
this theory are those which relate to the position and extent of 
the zodiacal light, though it will be obvious that the observed 
variations in the apparent brightness of the light are not readily 
explicable on this hypothesis. 

Admitting the existence of a disk of bodies travelling as sup- 
posed, it will be evident that the changes affecting the motions 
of any member of the system would correspond exactly to those 
which would affect the motions of any considerable orb travel- 
ling at a similar distance from the sun. In other words, the 
changes would resemble those slow periodic changes which 
affect the orbits of the earth, Venus, and Mercury. Nor is it 
conceivable that the members of the system would so interfere 
with each other’s motions as to affect appreciably at any time the 
appearance of the disk. Now changes such as these, affecting 
the individuals of a set of bodies which at any one time were 
spread with a certain uniformity (as the ordinary appearance of 
the zodiacal light would imply to be the case with its constitu- 
ents), could not account for the observed changes in the position 
and extent of the light. The axis of the gleam has been seen 
at times, by practised observers, inclined at a considerable angle 
to the plane of the ecliptic. The extent of the zodiacal light 

* While dealing with the relations presented by the Saturnian ring- 
system, in 1864, ] was led to apply the formula, with suitable changes of 
elements, to the case of a ring circling the earth, being invited to the in- 
quiry by the perusal of the observations made by Lieutenant Jones, and | 
comments made thereon by Baron Humboldt. I found that there is not a 
single hypothesis as to the dimensions of such aring which would lead to 
results according with, or even in the slightest degree approaching, the 
results of observations made upon. the zodiacal light. This conclusion is 
embodied in a note at p. 117 of that treatise ; mm which note I remark that 
such investigations “prove that the zodiacal light cannot be due to a ring 
of a minute satellite surrounding the earth, the appearance of the ring in 
high latitudes being altogether different from that which would be pre- 
sented by a ring surrounding the earth. Iam careful to refer to these re- 
searches and their results, because remarks have been published implying 
that I have somewhat hastily come to a decision on the points here dealt 
with. A complete mathematical investigation of the subject made fully 
six years since may be regarded as fairly meeting those remarks. 
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has varied at times in the most remarkable manner, while its 
luminosity has been so variable that sometimes for months to- 
gether it has been scarcely perceptible (in our northern lati- 
tudes) ; while at others it has been singularly conspicuous. I 
set on one side for the moment those observations by Lieutenant 
Jones which would imply that at times the zodiacal light in- 
creases so greatly in extent as to become visible at once both on 
the eastern and western horizon. [I also set on one side those 
observations by M. Liais, according to which the zodiacal light 
can be seen at times extending as a complete arch from the 
eastern to the western horizon. Assuming these observations to 
be reliable (and those by M. Liais do not seem open to ques- 
tion), a true theory of the zodiacal light may be expected to 
account for them. But without insisting on this, it is evident, 
I think, that the admitted variations of the zodiacal light, in 
position, extent, and splendour, do not admit of being interpreted 
by the theory that the light is due to a disk including always 
the same materials moving in orbits of small eccentricity. 

Nor do our difficulties seem removed if we assume that the 
constituents of the disk travel in orbits of considerable eccen- 
tricity, so long as we suppose that the actual constitution of 
the disk is constant, or nearly so, amidst whatever variations in 
the distribution of individual constituents. 

Yet the general aspect of the zodiacal light, and the consider- 
ations already applied to other theories, suffice to prove that 
there is always present around the sun as centre a disk, whether 
composed of discrete meteorites, of vaporous masses, or of some 
combination of these and other forms of matter. The materials 
of this disk must be in motion around the sun in accordance 
with the laws of gravity; at least we have no evidence whatever 
inviting us to the supposition that they differ im this respect 
from all the other constituents of the solar system. 

We are thus led to the conclusion that the bodies composing 
the zodiacal light travel in orbits of considerable eccentricity, 
carrying them far beyond the limits of what we may now term 
the zodiacal disk. The constitution of the disk thus becomes 
variable, and that within limits which may be exceedingly wide. 
They must be so, in fact, if all the recorded variations of the 
zodiacal light are to be accounted for. In other words, it is 
requisite (if our evidence is to be explained) not only that the 
paths of the materials composing the zodiacal light shall be for 
the most part very eccentric, but that along those paths the 
materials should not be strewn in such a way that a given por- 
tion of any path is at all times occupied by a constant, or nearly 
constant quantity of matter. 

According to this view, the constituents of the zodiacal light 
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would (at least as respects distribution along their several paths 
and the general figure of those paths) resemble very closely the 
meteoric systems which, as we know, the earth traverses in the 
course of her annual motion around the sun. 

By considering the zodiacal light we have thus been led to a 
theory involving, and associated with, the theory of meteor- 
systems as now established by the labours of Adams, Leverrier, 
Schiaparelli, and others. But it is worth noticing that, by rever- 
sing the process, and considering first the theory of meteor- 
systems so established, we are led ‘quite as readily to the theory 
that there must at all times exist im the sun’s neighbourhood a 
disk of discrete constituents which would present precisely such 
an appearance as the zodiacal light. I have shown elsewhere 
that this result is a simple mathematical deduction from the 
evidence. 

But setting this consideration wholly on one side, the fact re- 
mains that all other theories of the zodiacal light (that is, of the 
motions of its constituent parts, without reference to its physical 
constitution) have been eliminated. It remains only to be shown 
that this theory is controverted by no peculiarities in the ob- 
served appearance of the zodiacal light, and also that we should 
inquire what further general laws, if any, may be predicated of 
the motions of the bodies composing this object. 

The fact that the axis of the zodiacal light is ordinarily close 
to the ecliptic, is accounted for on the assumption that the various 
paths along which the constituents of the zodiacal disk travel, 
tend to aggregate towards the neighbourhood of the ecliptic. 
There is nothmg, however, to prevent individual systems from 
having a considerable inclination to that plane. 

The observed variation of the zodiacal light in brilliancy, posi- 
tion, and extent 1s obviously to be expected according to the view 
of its structure now under consideration. 

The simultaneous appearance of an eastern and western light 
and Liais’s observation of a complete arch of light have to be 
accounted for as highly exceptional but, at the same time, recog- 
nized phenomena. It is easy to see that both these phenomena — 
may be regarded as indicating the occasional but very exceptional 
extension of the zodiacal disk to a considerable distance beyond 
the orbit of the earth. But it must not be concealed that there 
are great difficulties to be removed before this interpretation can 
be regarded as satisfactory. 

Let us suppose, for instance, the case » of a thin luminous disk 
occupying the whole orbit of Mars, and that the earth is in the 
part of her orbit where her distance north or south of this plane 
is greatest. Then it will be evident that the outline of the disk, 
as seen from any part of the earth, would correspond very nearly 
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toa great circle of the heavens, and that the whole of the visible 
heavens south or north of that great circle would be hidden by 
the luminous disk. In other words, a region of the heavens far 
larger than that occupied by the arch of Liais, or by the eastern | 
and western lights of Jones, should be occupied by the zodiacal 
light if it had some such extension as we have assumed in the 
case of this luminous disk. 

It is to be. remembered, however, that, assuming (as we are 
bound to do) a considerable degree of flatness in the actual figure 
of the zodiacal disk, and more especially of its more distant por- 
tions, then much more light would be received from those parts 
towards which the line of sight is directed at a considerably acute 
angle, than from those parts which the line of sight crosses nearly 
at right angles. And it is easy to see that, on any reasonable 
assumption as to the range of zodiacal substance which it is ne- 
cessary that the line of sight should traverse in order that any 
appreciable light may be received, the occasional visibility of 
the light where the superior planets alone can be seen becomes 
as readily explicable as the ordinary visibility of the hght in those 
parts of the sky where the inferior planets become visible. 

It will be seen that all that can be strictly said to have been 
demonstrated in this paper is the fact that the zodiacal light is 
associated with the sun, and not with the earth,—that it is not 
due to solar light reflected from bodies travelling within the 
earth’s orbit, whether in circular or elliptic orbits,—and that, if 
the major part of the zodiacal light is reflected solar light, then 
the paths of the bodies reflecting that light must resemble those 
of the meteors encountered by the earth. As the spectroscope 
seems to show that at least a portion of the light* of the zodiacal 
gleam is not reflected solar light, we cannot, in the present state 
of our knowledge, definitely decide on a theory as to the motions 
of the bodies to which the light is due; for the solution of the 
problem is obviously bound up with the interpretation of the 
physical nature of the zodiacal light. If some solar action, for 
example, rouses luminosity in certain definite directions (as, for 
instance, near the plane of the sun’s equator) in some such way 
as light is caused to appear along radial lines through and be- 
yond the heads of comets, our power of theorizing from such 
considerations as have been dealt with in this paper would be 

* Tuse this mode of speaking, not by any means as doubting the accuracy 

of Angstrém’s observation, but because, even if the greater part of the light 
gave a continuous spectrum, yet this spectrum might remain undiscernible 
even when bright lines corresponding to a very minute proportion of the 

1°) 

total light were seen with ease. Nay, such bright lines as Angstrom found 
im the spectrum of the phosphorescent light from the sky might be detected 
when a continuous spectrum from the much brighter light of the zodiacal 
radiance remained unseen. 
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limited. It would still remain certain that the zodiacal light is 
not a terrestrial appendage (either near or far off); but what sort 
of solar appendage it might be would be a problem as difficult 
to solve as that presented by comets. 

If the radiated structure of the sun’s corona as seen under 
favourable atmospheric conditions should be confirmed as more 
than an optical phenomenon, it is not impossible that we might 
be put in the way of interpreting the zodiacal light. 

X. On the Hypothesis of Molecular Motions in Thermodynamics. 
By W.J. Macquorn Rankine, CLH., LL.D., FLR.SS. Lond. 
& Edin.* 

1. FF I rightly understand the question raised by Mr. Heath, 
itis not whether the two propositions called respectively 

the First Law and the Second Law of Thermodynamics correctly 
express the facts of experiments respecting the relations between 
heat and mechanical energy from which those laws have been 
arrived at by induction, but whether those two laws follow from 
the hypothesis that thermometric heat consists in some sort of 
molecular motion—and in particular whether the contraction of 
the space within which a system of moving bodies is confined 
causes of itself acceleration of their motion ; for if this be esta- 
blished, the two laws of thermodynamics readily follow from 
the hypothesis. 

2. According to a proposition laid down by all the writers 
on thermodynamics who have treated of the before-mentioned 
hypothesis, the acceleration of the motion of a system of bodies 
by the contraction of the space within which they are confined 
isa necessary consequence of the elementary principles of dyna- 
mics. According to Mr. Heath’s views, unless I misunderstand 
them, that proposition is inconsistent with the principle that a 
body under the action of a pair of equal and opposite forces is 
neither accelerated nor retarded—in other words, with the first 
law of motion. 

3. In order that the alleged reOrembeeey should exist, it 7 : 
would be necessary that each of the bodies under consideration 
should be under the action of no force, or of balanced forces. 
But that is not so; for the bodies under consideration are par- 
ticles moving within a limited space ; therefore their motions in — 
any given direction are limited im extent; therefore during cer- — 
tain parts of their motions, and especially when they are near 
the boundaries of the containing space, those motions must be 
continually varying, certainly in direction, and possibly both in 

* Communicated by the Author. 
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direction and in velocity ; therefore the particles cannot be under 
the action of balanced forces, nor of no force. 

4, If one boundary of the limited space within which the 
moying particles are contained is a moveable piston, that piston 
may be at rest, or may have a uniform velocity, or a variable 
velocity ; and the condition to be fulfilled in order that the pis- 
ton may be at rest, or may move uniformly, is, that the pressure 
applied to its outer surface shall be equal to the pressure exerted 
against its inner surface by the confined particles. 

5. The various investigations of the consequences of the hypo- 
thesis of molecular motions with which I am acquainted, though 
differmg much in detail, are all identical in principle; and I do 
not know of any passage in the writings of any one of the 
authors of those investigatious, which is, either avowedly or im- 
plicitly, in the slightest degree inconsistent with the dynamical 
principles which I now quote in Mr. Heath’s words :—‘ No 
acceleration, and therefore no heat, is generated by the action of 
forces which are in equilibrium ;” and ‘‘ where the force meets 
with no resistance .... all the force is employed in producing 
acceleration.” 

6. With respect to the mode of applying those principles, the 
following remark may seem a truism, but is nevertheless of 1m- 
portance to the present discussion. In reasoning about the 
effects of forces, the body as to whose acceleration or retardation, 
or uniformity of motion, conclusions are drawn, ought to be the 
same with that to which the forces are applied ; and no conclusion 
as to the motion or rest of one body can be drawn from the fact 
of the equilibrium or non-equilibrium of the forces applied to 
another body. For example, if the outside and inside of a piston 
be acted on by equal and opposite pressures, the legitimate con- 
clusion is that the piston will remain at rest or move at a uni- 
form speed: the equilibrium of the forces applied to the piston 
proves nothing as to the state of motion or rest of the substance 
that is confined by it. If, on the other hand, the outside and 
inside of the piston be acted on by unequal pressures, the legi- 
timate conclusion is that the piston will be accelerated or re- 
tarded, as the case may be; and nothing can be concluded as to 
the state of the particles confined. In order to determine 
whether or to what extent these particles will be accelerated by 
an alteration of the space within which they are confined, we 
must consider whether there is any want of equilibrium amongst 
the forces exerted on them by the piston and by each other. 
Unless the particles are at rest, there cannot be equilibrium ; 
for they are not free to move uniformly in straight lines to.an 
indefinite distance ; and their motions, if they move at all, must 
certainly be deflected, and possibly accelerated and retarded ; 
and such changes imply unbalanced forces. 
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7. As to my having in my paper of October “ represented 
the piston as imparting vis viva to the particles without losing 
any of its own,” I consider that I was warranted in doing 
so, because I provided, in the investigation, for the action of 
a pressure on the outside of the piston sufficient to balance 
that produced by the impulse of the particles against the in- 
side, and therefore to impart to the piston exactly the same 
quantity of energy which it imparts to the particles. 

It is easy, however, if desired, to provide for the possible re- 
tardation or acceleration of the piston through any inequality of 
the pressures exerted on its outer and inner faces, as follows. 

Let uw be the mean velocity of the piston during the small in- 
terval of time dt, and —du the retardation during that: interval. 
Let —v be the normal component of the velocity, relatively to 
the vessel, with which a set of particles are moving towards the 
piston. The mean normal velocity of these particles, relatively 
to the piston, is —(v+u); and the mean normal velocity, re- 
latively to the piston, with which they rebound, is +v+u; at 
relatively to the vessel, v+2u. 

Let mdt be the aggregate mass of the particles which ‘act on 
the piston in the interval df. Their mean total change of velo- | 
city is 2(y-+u); therefore the outward pressure exerted by them 
on the piston, and the inward pressure exerted by the oar on | 
them, are each equal to 3 

Q=2m(0 +4). | es el 

The pressure exerted on the outside of the piston is 

| Madu 
PaQ a 28). aoe 

M being the mass of the piston; and as the piston moves in- 
wards through the distance udé, the work done by that pressure 
on the piston is 

Pudt=Qudt—Mudu. . . . . . (8) 

The energy lost by the piston through its retardation is Mudu, 
which being added to the preceding quantity of work, gives for — 
the work done by the piston on the confined particles, 

Pudt + Mudu=Qudt=2mu(v+u)dt=2m(uv+u?)dt. . (4) 

The increase of energy of the mass mdt of moving particles is 

me “a {e+ 2u) 2? =2mdi(uvt+u?), . . (5) 

being exactly as to the sum of the work done by the external 
force on the piston, and the energy lost by the piston through 



Molecular Motions in Thermodynamics. 65 

retardation. The case considered by me in my previous paper is 

that in which the external pressure is such that =O: 

The case in which there is no external pressure is expressed as 
follows : 

Mudu=Qudt=2mu(v+u)dt; . . . . (4A) 
or, dividing both sides by wdt, | 

mM =Q=2mlo4+u).. 2... (4B) 
8. With respect to the definition of “ work,” I may state that, 

so far as 1 know, that word is used by writers on dynamics to 
comprehend all sorts of effects that are produced by a force 
acting through a space, whether the overcoming of ancther force, 
such as an attraction, repulsion, or pressure, or the acceleration 
of a moving mass (see, for example, Thomson and Tait’s ‘ Natural 
Philosophy,’ § 241). 

9. In the following investigation, the forces exerted by the con- 
fined particles on each other are taken into account. Let P be 
the pressure applied to the outside of the piston; Q the pressure 
exerted by the confined particles against the inside of the piston ; 
let da denote a distance through which the piston is or may be 
shifted, and be positive inwards; let M be the mass of the piston 
and w itsvelocity, Then, by the principle of the conservation of 
energy, we have 

(P—Qyoe = Mabaso Gs Be ha 06) 
and in order that the velocity of the piston may be nothing or 
uniform (that is, in order that we may have either ~=0 or du=0), 
the condition to be fulfilled is P—Q=0. The energy exerted 
by the external pressure in driving the piston inwards through 
the distance 6% at a uniform velocity is Péz; the energy trans- 
ferred from the piston to the particles on which it acts is 
Qé2=Pédx2; so that no energy is gained or lost by the piston. 

10. Consider now the set of confined particles which are so 
near the piston as to exert upon it appreciable forces. The re- 
sultant or aggregate pressure exerted by that set of particles 
against the inner face of the piston is —Q; the resultant pres- 
sure exerted by the piston against the same set of particles 1s 
+Q. Let R (positive inwards, negative outwards) denote the 
resultant of all the attractions, repulsions, and pressures exerted 
on those particles by the other confined particles in directions 
parallel to 2. Then Q+R is the resultant of all the pressures, 
attractions, and repulsions exerted on the set of particles now 
under consideration, in directions parallel to 2, whether by the 
piston or by the other particles. Let be the mass of that set of 
particles, and let & denote the summation of quantities relating 

Phil. Mag. 8. 4, Vol. 41. No. 270. Jan. 1871. i) 
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to every particle of the whole set. Then the dynamical equation 
of the set of particles, oak och to forces parallel to x, is as 
follows 

Q+R—Su G7 =0. er (7a 

Let v be the total or resultant velocity of any one particle of the 
set, in whatsoever direction it may be moving; then, when the 
piston is shifted through the distance dx, the following is the 
variation of the actual energy, or energy of motion of the par- 
IGE SE 

>pvdv=(Q+ R)de= ue oe. Pee ata (8) 

11. It is obvious, from what has been stated in § 5, that if 
the piston moves with a uniform velocity, we may substitute 
Péz for Qdx; and the same is the case, indeed, if at the end of 
the motion denoted by 62 the piston returns to the velocity 
which it had at the beginning of that motion, and also if the 
piston starts from a state of rest at the beginning and returns to 
a state of rest at the end of the motion dz. If, on the other 
hand, there is a change du in the velocity of the piston dnninis 
that motion, we must make 

Qo7=—Por—Mudu, a ee 

in which uw is to be taken to denote the mean between the velo- 
cities of the piston at the beginning and at the end of the mo- 
tion 62; and this equation may be used in the investigation of 
the motion of a bullet, driven by the pressure Q from within, 
and resisted by the pressure P from without. 

12, The reasonmg which has been applied to particles moving 
within a space of which a piston forms one boundary is evidently 
applicable to particles moving within any space capable of en- 
largement and contraction, and bounded by a surface of any 
kind which is not crossed by the moving particles. The boun- 
dary of the space may be a mathematical surface, having at its 
two sides systems of particles which meet and press or repel 
each other at the surface, but do not crossit; and then the con- - q 
sideration of the mass of the piston may be omitted from the 
problem. 

13. It can be shown that, for the particles at and near such a 

surface, the factor ue 5 

the confined particles through compression varies proportionally 
to v’, other circumstances being alike; and hence may be de- 
duced the second law of aera eau ; but this has so often 
been explained by different authors and according to different 
methods, that it is unnecessary to enlarge upon it now. 

in the expression for the energy gained by 
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J une 16, 1870.—General Sir Edward Sabine, K.C.B., President, in 
the Chair. 

a [HE following communication was read :— 
“On the Mathematical Theory of Combined Streams,” By W. 

J. Macquorn Rankine, C.E., LL,.D., F.R.SS. Lond. and Edinb. 
1. Object of this Investigation. ~The principles of the action of 

combined streams were to a certain extent investigated by Venturi, 
-and.stated. in his essay ‘Sur la Communication latérale du Mouve- 
ment dans les Fluides’ (Paris, 1798). The principle of the conser- 
vation of momentum, so far as I know, was first. explicitly applied to 
combined streams by Mr. William Froude, F.R.S., in a paper on 
Giffard’s Injector, read to the British Association at Oxford, in 
1860, and published in the Transactions of the Sections, p. 211. 
Various other authors have treated the same problem by different 
methods, based virtually on the same principle. A very complete and 
precise imvestigation of the theory of combined streams, in every 
case in which two streams only are combined, is contained in 
Professor Zeuner’s treatise ‘Das Locomotiyenblasrohr”’ (Ziirich, 
1863). The theoretical conclusions are tested by comparison with 
experiment, and applied to practical questions, especially those rela- 
ting to the apparatus: from -which the treatise takes its name. The 
object of the present investigation is to apply similar principles to 
the combination of any number of streams; and the demonstration 
of the fundamental dynamic equation differs from that given by 
Zeuner in method, though not in principle, being effected at one ope- 
ration hy the direct application of the principle of the equality of 
impulse and momentum, instead of by the consideration of the loss 
of energy that takes place during the combination of the streams. 

2. Terms and Notation used, and Suppositions made.—The several 
streams which are combined will be called before their junction, the 
component streams; the stream formed by their combination will 
be called the resultant stream. The passages through which the 
component and resultant streams flow will be called respectively 
the supply-tubes and the discharge-tube. The combination of the 
streams will be supposed to take place in a short cylindrical cham- 
ber, with its axis parallel to the direction of flow, which will be called 
the junction-chamber. 

At one end of the junction-chamber are the outlets of the supply- 
tubes, which will be called the nozzles; at the other end, the inlet 
of the discharge-tube, which will be called the throat. It will be 
supposed, further, that the supply-tubes are so formed as to direct 
the component streams at the nozzles so that they shall all flow 
sensibly parallel to each other and to the resultant stream. The 

F2 
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principal symbols used are as follows. For any one of the component 
Streams :-— 

a, area of nozzle; 
v, velocity of flow at nozzle ; 
S,, bulkiness, or reciprocal of density, at nozzle. 

The several component streams may be distinguished from each 
other, when required, by suffixes, as 1, 2, 3, &e. 

For the resultant stream :— 
A, area of throat ; 
V, velocity of flow at throat ; 
S,, bulkiness, or reciprocal of density, at throat. 

Intensities of pressure, in absolute units on the unit of area :— 
p,, at the nozzle end of junction-chamber ; 
P., at the throat. 

(These may be converted into units of weight on the unit of 
area, by dividing by g.) 

The flow of each stream is supposed to be steady. The fluids 
may be either liquid, vaporous, gaseous, or mixed. 

3. Lquation of Continuityi—The mass of fluid that enters the 

junction-chamber through a given nozzle in a unit of time is — 
0 

The mass discharged in the same time at the throat is uh The 
6 

flow being steady, the following equation must at every instant be 
fulfilled : 

cee) «—e e ° e e o Riel gee e (1) 

If §, and the several values of s, are given, that equation gives the 
velocity of the resultant stream in terms of those of the component 
streams; Viz. : 

ee av A ea oe ple SEA a Rae Se 

If all the fluids are liquids, each of sensibly invariable bulkiness, 
we have also AV=3. av; that is, the volume of flow of the resultant | 
stream is equal to the aggregate of the volumes of flow of the compo- © 
nent streams; but if any or all of the streams are vaporous or ga- | 
seous, the values of s, will depend upon that of p,, and the value of ~ 
S, upon that of P,, and upon the changes of bulkiness of the fluids © 
which may take place in the junction-chamber, through change of 
temperature, change of condition, or chemical action. 4 

In any case S, may be regarded as a given function of P,, and of | 
: aw , -. 

the mutual proportions of the several values of = in other words, of | : , 
the ingredients in the resultant stream. . 

4. Dynamical Equation.—The aggregate momentum of the mass ~ 
of fluid that enters the junction-chamber through the nozzles ina 

2 

unit oftimeis=.——. The momentum of the equal mass which q 
te) 
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leaves the junction-chamber through the throat in the same time 
eeAV’ 

The forward impulse exerted in a unit of time upon the mass of 
fluid in the junction-chamber by the pressure at the nozzle end of 
the chamber is p,A. ‘The backward impulse exerted in the same 
time on the same mass by the pressure at the throat-end of the 
chamber is P,A. By the second law of motion, the difference be- 
tween those impulses is equal to the change of momentum produced ; 
that is to say, 

2 2 

Ces ae = |@@—v)} ate; bghh treo (2) 

8 8, So 

or, dividing both sides by A, 
ger VE av P—p=2ee— tae v) } alt dia Pea lpa C.) 

And this is the general dynamical equation of the combination of 
any number of streams of any fluids. 

If the preceding equation, as applied to a combination of two 
streams only, be compared with the equation not numbered, which 
immediately precedes equation 60 in Zeuner’s treatise, it will be seen 
that they are virtually identical, although different in form, and de- 
monstrated by different methods. 

5. Loss of Energy at Junction.—lIf a given mass of any fluid at 
the bulkiness s and pressure p is contained in a reservoir, from 
which it is capable of being expelled by the inward motion of a piston 
loaded with an external force equivalent to the pressure, it is known 
that the potential energy of the mass of fluid and of the piston 
relatively to a point at the level of the centre of mass of the fluid 

p 

is expressed by multiplying the mass by "sdp, the relation between 
0 

sand p being that which is called adiabatic ; that is to say, such 
that no heat is received or given out by the fluid. Hence the loss 
of energy in the junction-chamber in each unit of time is given by 
the following expression :— 

5) av ‘y Py AV V2 Py 2{2(3+{ dp) | sath, DE hiineswer ice sa) 

of which the first, or positive term, denotes the aggregate energy, 
actual and potential, of the component streams as they enter the 
junction-chamber ; and the second, or negative term, expresses the 
total energy, actual and potential, of the resultant stream as it leaves 
that chamber. That lost energy takes the form partly of visible 
eddies and partly of invisible molecular motions—that is, of heat. 

The integral expressing the aggregate potential energy of the com- 
ponent streams may be put in the following form :— 

(°C). Pry Serer 
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» If no change of total bulkiness arises from the mixture of the com-= 
ponent streams, the volume occupied by a given mass of the mixture 
is simply the sum of the volumes of its ingredients; so that we have 

Per eer eet 

and the expression for the loss of energy becomes 

a AW AV(’g gp! ee 
2s, 28, So PO. | 

_ When the fluids are all liquids, whose compressibility may be neg- 

lected, we have { °SdP=S8, (P,—p,);. and substituting for the 
e/ Po 

difference of pressures its value according to equation (2), the fol- 
lowing expression is found for the loss of energy at the junction, 

3 {2 rh, OC SS Se 
So 2 : 

that is to say, in the case of liquids all the energy due to the several 
velocities (v—V) of the component streams relatively to the resultant 
stream is lost. . 

When the expression (3 D) is reduced to a single term, it becomes 
the well-known value of the loss of energy of a single stream of q 
liquid at a sudden enlargement in a tube. 

6. Efficiency of Combined Streams.—The efficiency of a set of com- 
bmed streams may be defined as the fraction expressing the ratio 
borne by the total energy of the resultant stream after the combina- 
tion to the aggregate energy of the component streams before the 
combination. It is expressed as follows :— 

ART VEN Os 
{Stl saP | 

2{8(04{ ed) ) Ue rn 

7. General Problem of Combined Streams.—In most cases the pro- 
blem of combined streams takes one or the other of the two following 

forms. In each of the two forms the areas of the nozzles a, a,, &ec. 
are given, and also the area of the throat, A. 
'. First Form.—The quantities given, besides the before-mentioned 
areas, are the pressure at the nozzles, p,, and the velocities of the 
component streams, v,, &c. The functional values given are those of ~ 

a, v, a, v, 

3 ey 
Oo 1 $5, 2 

&c. Those functional values are to be substituted in the equations 

So,» 0,2» &C., in terms of p,, and of S, in terms of P,, 

(1) and (2); and the solution of these equations will give the nume- ~ 
rical values of V and of P,. In the case of liquids of sensibly con- 
stant bulkiness, s,,, &c., and S, are quantities sensibly independent 
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of p, and P,; and then equations (1) and (2) can be separately 
solved without elimination, giving respectively V and P.,. 
Second Form.—Kach of the component streams flows through a 

passage whose factor of resistance, f, is given, from a separate reser- 
voir in which the’ pressure p and the elevation z of the surface above 
the junction-chamber are given. The resultant stream flows through 
a passage whose factor of resistance, F, is given, into a reservoir in 
which the pressure P and the elevation Z of the surface above the 
__ -chamber are given. These, together with the areas A, a,, 

, &c., are the quantities given. The functional values given are 
Bee of the bulkiness, s,,,, s,,,, &c. and S,, as before; also the fol- 
lowing values of the velocities, according to well- known principles in 
hydrodynamics. For any component stream, 

2gz+2 sd 
v= / oie Sid of 2 - ° eer ° (5) 

i id bao, | 

and for the resultant stream, 

2on+2f SdP 
Y= =\/ Pear Np ee eee AY) 

bist multe Be cat 

The functional values given are to be substituted in equations (1) 
and (2), whose solution will then give the numerical values of p, and 
P,; and from these and the other data the numerical values of v, 
&e. and of V may be calculated. 

— ey 
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June 8th, 1870.—Joseph Prestwich, Esq., F.R.S., President, 
in the Chair. 

ee following communications were read :— 
1. “ On the Superficial Deposits of the South of Hampshire and 

the Isle of Wight.” By Thomas Codrington, Esq., F.G.S. 
This paper treated of the gravel deposits covering the tertiary 

strata of the country between Portsmouth and Poole, and of the 
Isle of Wight. 

The strikingly tabular character of the surface is best seen on n the 
east of the Avon, where from the coast for more than twenty miles 
ainland a gravel-covered plain can be followed, rising gradually from 
80 feet to 420 feet above the sea, at the rate of about 20 feet per 
mile. The high plains of the New Forest, to the eye perfectly level, 
and indented by deep valleys, are portions of this table-land. The 
plateau between the Bournemouth Cliffs and the Valley of the Stour, 
-and detached gravel-capped hills further inland, are the remnants of 
‘a similar table-land on the west of the Avon, while eastwards the 
-same character prevails up to Southampton Water. Sections parallel 
with the coast show the level nature of the country, broken only by 
well-defined river-valleys. On the east of Southampton Water a 
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similar tabular surface, sloping at a steeper angle towards the 
shore-line, and cut through by the valleys of the Itchen, Hamble, 
and Titchfield rivers remains; and in the Isle of Wight the gravels 
capping the flat-topped tertiary hills coincide with a corresponding 
plain sloping northwards. 

The gravel covering these table-lands is composed chiefly of sub- 
angular chalk-flints, ant a varying proportion of tertiary pebbles. 
Sarsen stone blocks are found everywhere; and on Poole Heath 
granitic pebbles, and in the gravel of Portsea large boulders of 
granitic and paleozoic rocks are met with. In the Isle of Wight, 
chert from the Upper Greensand and materials from the Lower 
Cretaceous beds also occur. The colour of the gravel is generally 
red; and the origin of the white gravel, which often overlies the 
red, is to be ascribed to the bleaching action of vegetable matter. 
Brick-earth is generally associated with the gravel at all levels but 
the highest; but the contorted appearances attributed to glacial 
action only occur at low levels. 

No organic remains have been found in the gravel covering the 
plains, while the valley-gravels of the district have afforded mam- 
malian bones and teeth of the usual species. Flint implements 
have been found at Bournemouth at 120 feet above the sea, at Ly- 
mington, near Southampton, at 80 and 150 feet, and also along the 
shore between Southampton Water and Gosport, at 35 feet above | 
the sea, from gravel forming part of the covering of the tabular 
surface, and unconnected with the river-valleys. 

The gravel-capping the cliffs of the south coast of the Isle of 
Wight, in which the remains of Hlephas primigenius have been 
found near Brook and Grange, was probably deposited in the same 
river-basin as the mammaliferous gravel of Freshwater; and the cut- 
ting back of the coast-line by the sea has given the tributaries of a 
river which flowed by Freshwater northwards to the Solent a direct 
outfall to the sea; and the streams thus intercepted at a high level 
under the changed condition of flow, have originated the Chines. 

The gravel cliff of the Foreland, at the eastern end of the Isle of 
Wight, consists principally of raised shingle, which towards the 
south thins out, and is overlain by a thick deposit of brick-earth, a 
continuation of which caps the cliffs up to the chalk, and in which 
a flint implement was found by the author at 85 feet above the 
sea, 

General Considerations.—The marine gravel, with granite boul- 
ders covering the south of Sussex, is continued westward by the 
gravel with similar boulders covering Portsea Island; and this again 
by the Hill-head gravels, with large blocks of Sarsen stone, these 
lower gravels being bordered on the south by the raised shingle de- 
posits of the Isle of Wight, and on the north by the higher marine 
gravels of Avisford, Waterbeach, and Bourne, from which the lower 
gravel is divided by a well-marked step, extending beyond 
Portsdown Hill to Titchfield, and traceable on the west of South- 
ampton Water. The Hill-head gravels are considered to be an 
estuarine deposit, of the same age as the marine gravels of Sussex 
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and the low-level gravels of the river-valleys; they are supposed 
to have been formed when the Isle of Wight was still joined to the 
mainland, and all the rivers now reaching the sea by Poole Har- 
bour, Christchurch Harbour, Southampton Water, &c. were affluents 
of a river communicating with an estuary opening to the sea in the 
direction of Spithead. 

The gravels lying above the step, such as those of Avisford and 
Waterbeach, Titchfield Common, Beaulieu Heath, and Bournemouth, 
are looked upon as equivalent in position and age to the high-level 
valley gravels. 

_ The level of the gravels on the highest parts of the table-lands 
is such as to indicate an age far greater than that of the highest 
gravels of the river-valleys; but the uniform surface from the 400- 
feet level downwards points to a long continuance of similar con- 
ditions, during which the gravel from the highest levels to that of 
the Bournemouth cliffs was deposited. The area that can with any 
probability be assigned to the catchment-basin of a river such as 
that which has been before alluded to, is only three quarters of the 
basin of the Thames above Hampton, within which it is difficult to 
imagine that such an extent of gravel could have been spread out ; 
and the inclination of the flattest of the table-lands is for a river 
such as only mountain-streams have, and quite incompatible with the 
spreading out of large even surfaces more than twenty miles across. 

It is considered more probable that the materials of the gravel 
- were brought down from the chalk country on all sides by rivers, 

and spread out in an inlet of the sea shut in on the south, and open- 
ing out eastwards. This view is not without difficulties: it involves 
a gradual upheaval of the land, which, when the highest gravels 
now remeining were being spread out at or near the sea-level, must 
have stood more than 400 feet lower; and a considerable part of 
this upheaval must have taken place since the formation of the 
gravel in which implements fashioned by man are imbedded. 

2. “On the relative position of the Forest-bed and the Chilles- 
ford Clay in Norfolk and Suffolk, and on the real position of the 
Forest-bed.” By the Rev. John Gunn, M.A., F.G.S. 

The author commened by stating that both at Easton Bavent 
and at Kessingland the Forest-bed is to be seen forming part of the 
beach, or of the foot of the cliff, and underlying the Chillesford 
Clay. He con, ‘dered that the soil of the Forest-bed had been depo- 
sited in an estuary, and that after its elevation the trees, of which 
the stools are now visible along the coast, grew upon it, and the 
true Forest-bed was formed. After the submergence of this, first 
freshwater, then fluvio-marine, and finally marine deposits were 
formed upon it; and the author proposed to give the whole of these 
deposits the name of the “ Forest-bed series.” The author sug- 
gested that the Forest-bed itself is represented inland by the stony 
bed which lies immediately upon the chalk and between it and the 
Fluvio-marine and Marine Crags, his theory being that the surface 
of the Chalk, after supporting a Forest-bed fauna, was gradually 
covered up by successive Crag deposits. 
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3. “Ona new Labyrinthodont Amphibian from the Magnesian 
Limestone of Midderidge, Durham.” By Albany Hancock, Esq., 
F.L.S., and Richard Howse, Esq. . 

The specimen described by the authors was remarkable for the 
great development of the ventral scutes, which were of large size, 
minutely striated, imbricated and arranged in diagonal lines, sloping 
from behind forward, giving the surface of the fossil a strongly 
ribbed appearance. The authors stated that it was allied to Dasy- 
ceps and to Pholiderpeton scutigerum (Huxl.); but, from the pecu- . P 
liar characters of its scutes, its elongated narrow muzzle, and some 
other peculiarities presented by the head, they regarded it as form- 
ing the type of a new genus, which they proposed to name Lepido- 
tosaurus. ‘The species they named L. Duffii, in honour of its disco~ 
verer, Mr. Joseph Duff. 

_ 4, On Proterosaurus Spenert, von Meyer, and a new species, 
Proterosaurus Hucleyr, from the Marl-slate of Midderidge, Durham.” 
By Albany Hancock, Esq., F.L.S., and Richard Howse, Esq. 

In this paper the authors described a specimen which they referred 
to Proterosaurus Spenert, von Meyer—and one of a smaller form, 
which they regarded as new, and described as Proterosaurus Hua- 
leyi. Both were from the same part of the Marl-slate of Midde- 
ridge, Durham. The two species agree in having the limbs and tail 
long, and the neck long and composed of seven vertebra, in the 
number of dorsal vertebre, in the number and character of the bones 
of the hand, and in some other particulars, sufficient, with these, in 
the opinion of the authors, to justify the reference of both to the 
genus Proterosaurus. In P. Hualeyi the ribs are flattened instead 
of rounded at the proximal extremity, and less widened and grooved 
at the distal extremity than in P. Spenert; the hind limb is consi- 
derably longer in proportion to the fore limb ; and the distal extre- 
mity of the humerus is only twice as wide as the constricted part, 
instead of three times, as in the old species. s 

June 22, 1870.—Joseph Prestwich, Hsq., F.R.S., President, 
in the Chair. 

The following communications were read :-— 
_ 1. © Notes on the Lower portion of the Green-slates and Porphyries | 
of the Lake District between Ulleswater and Keswick.” By H. | 
Alleyne Nicholson, M.D., D.Sc., M.A., F.R.S.E,, F.G.S., Lecturer on | 
Natural History in the Medical School of Edinburgh. 

The author describes the characters presented by the lower part 
of that series of rocks, named by Professor Sedgwick the ‘ Green- 
slates and Porphyries,’ which overlie the Skiddaw Slates in the 
Lake District. He notices the sections of this series in Borrowdale, 
on the east side of Derwentwater, between Keswick and the Vale of 
St. John, in the Vale of St. John, in Matterdale, in Kycott Hill, 
between Ulleswater and Haweswater, and in the neighbourhood of 
Shap. In the Borrowdale section the sequence of the rocks 1s given 
by the author as follows. Resting on the Skiddaw slates there are :— 
(1) a felspathic trap ; (2) a great series of ashes, breccias, and amyg- 
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daloids, often showing slaty cleavage and worked as slates, but with 
several intercalated bands of trap; and (8) a second trap. This 
appears to be a normal section, and is repeated, but diversified by 
the results of folding and faults, in the other localities described by 
the author, except that in the Vale of St. John the true eles series 
seems to be entirely wanting. 

2. “Observations on some Vegetable Fossils from Victoria.” 
By Dr. Ferdinand von Miller and R. Brough Smyth, Esq., F.G.S. 

Mr. Smyth stated that the fossils, of which specimens were for- 
warded by him, were obtained in one of the deep leads at Haddon, near 
Smythesdale. No leaves have been obtained from the bed, which 
consists of a greyish-black clay; the fruits and seed-vessels were 
obtained about 180 feet from the surface, and represent a flora not 
very dissimilar to that now characterizing some parts of Queensland. 
The specimens. sent include. the fruits of a supposed new genus of 
Coniferz, described by Dr. von Muller under the name of Spondy- 
lostrobus. It is most nearly allied to Solenostrobus, Bowerbank ; but 
its five valves are not keeled. The columella forms the main body 
of the fruit ; andthe seeds are apparently solitary. The species was 
named Spondylostrobus Smythu. The remaining specimens consisted 
of :—a solitary fruit of a genus of Verbenace ; an indehiscent com- 
pressed fruit, probably belonging to the proteaceous genus Helicia ; 
a nut nearly allied to the preceding; a large, spherical, unilocular, 
3-seeded nut with a thick pericarp, perhaps from a Capparideous 
plant; a 5-valved capsule of an unknown genus ; and fruit-valves 
of three other plants, probably belonging to the Sapindaces, and 
perhaps allied to Cupania. One of “the last may belong to the 
Meliaceous genus Dysoxylon. Dr. Miller considered that these 
remains indicate a former flora analogous to that of the existing 
forest-belt of Eastern Australia. 

3. “Note on some Plesiosaurian Remains obtained by J. C. 
Mansel, Esq., F.G.S., in Kimmeridge Bay, Dorset. By J. W. Hulke, 
Hsq., F.R.S., F.G.S. 

The remains described in this Note represent two new species of 
Plesiosaurus. The dorsal vertebre of the first species are distin- 
suished by extremely short centra, with ho'low articular faces. 
The antero-posterior diameter of 4 centra ranges between-1 and 1:3 
inch, the transverse horizontal diameter between 4 and 4:6, and the 
vertical between 3°8 and 4 inches. For this Plesiosaur the author 
proposes the specific name of P. brachistospondylus. 

The other species, of which the greater part of the spinal column 
and portions of the breast and pelvic girdles and limbs are pre- 
served, is a long slender-necked Plesiosatir exceeding 16 feet in 
length. Its limbs are much larger in proportion to the whole length 
than in the typical Liassic forms of this genus ; but what particularly 
distinguishes it from these are the massiveness of the humerus and 
femur, the larger size of the wing-like expansion of the postaxial 
border, a well-developed trochanter, and especially three articular 
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facets at the distal end of the femur, corresponding to which the 
second segment of the paddle, representing the leg, contains three 
coequal bones. The author noticed the impression of a third bone 
in this segment in the matrix in which a paddle of Pliosaurus port- 
landicus is imbedded, and the ossicle on the postaxial border of the 
fibula in Plesiosaurus rugosus. He compared the paddle-bones of 
the Kimmeridge Plesiosaurus with those of Ichthyosauri and of the 
Liassic Plesiosaurs and of Pliosawrus ; he drew attention to the very 
close resemblance of the humerus and femur to type specimens of the 
femora of Pliosaurus brachydeirus and P. trochanterius in the British 
Museum, and traced a similar resemblance between the elements of 
the cnemion and tarsus and those of the Dorchester and Portland 
Pliosaurian paddles. For this creature, combining a long, truly Ple- 
slosaurian neck with Pliosaurian-like limbs, the author proposed the 
name of Plesiosaurus Manselii. 

4, “Notes on the Geology of the Lofoten Islands.” By T. G. 
Bonney, M.A., F.G.S8., Tutor of St. John’s College, Cambridge. 

The author described the general appearance of the Lofoten 
Islands, which have commonly been described as composed of gra- 
nite, but which, he stated, really consist of gneissic rocks. The 
scenery of some of the islands, on which he did not land, resembled 
that of the Cambrian and Cambro-Silurian districts of Wales and 
Cumberland ; and the interior of Hassel showed dark rounded fells, 
resembling in outline some of the softer Welsh slates. At Stok- 
marknes and at Melbo there is a granitoid rock of pinkish-grey 
colour, consisting of felspar and platy hornblende, with some mica 
and quartz. The Svolvaer Fjeld in Ost Vaago shows a distinctly 
bedded structure in the cliffs near Svolvaer, the débris at the foot of 
which consist of a rock resembling syenite, and a quartzite contain- 
ing a little hornblende and felspar. Bedding was also observed 
towards the Oxnes Fjord. The islets near this coast consisted 
chiefly of a granitoid rock resembling a syenite, showing traces of 
bedding to the west of Svolvaer. Seams and veins of quartz, horn- 
blende, &c. occurred in some of the islets; and these were some- 
times too regular to be explained by deposition in fissures. Near 
the Svolvaer post-office there was gneiss coarsely foliated, containing 
hornblende and mica, with pink orthoclase felspar. The author 
concluded, from his observations, that, with few exc2ptions, the so- 
called granites of the Lofoten Islands are stratified, highly meta- 
morphosed rocks, quartzites, and gneiss, generally with much fel- 
spar in the latter, and with more or less hornblende in both, and 
that they are inferior in position to the gneiss and schists of the 
mainland, and to the more slaty rocks of the southern and western 
parts of the same islands. He compares them with some gneiss 
from Dalbeg on the west coast of the island of Lewis. 

5. “On Dorypterus Hofmanm, Germar, from the Marl-slate of 
Midderidge, Durham.” By Albany Hancock, Esq., F.L.S., and 
Richard Howse, Esq. 

The material for this paper consisted of four specimens of Do- 
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rypterus Hofmanni, which have been discovered by Joseph Duff, 
Esq., in the marl-slate of Midderidge, and are believed to be the 
first examples of this Fish which have been obtained in this country. 
The stratum from which they were procured is the same as that 
described by Prof. Sedgwick in his paper published in the Trans- 
actions of this Society (2nd series, vol. iii. pp. 76-77). The spe- 
cimens show that the “ribbon-shaped” process mentioned by 
Germar is part of a peculiar exoskeleton, and that Dorypterus pos- 
sessed ventral fins, which were situated in front of the pectorals, 
or “jugular.” Hitherto no fishes with ventral fins other than 
“abdominal” in position have been known to occur earlier than the 
Cretaceous epoch. ‘The tail is heterocercal, not homocercal as 
Germar supposed. The dentition is not displayed in any of the 
specimens, and the teeth were probably small and inconspicuous ; 
but the general structure of the fish shows it to be most nearly 
allied to the Pycnodonts. 

6. “ Observations on Ice-marks in Newfoundland.” By Staff 
Commander J. H. Kerr, R.N., F.R.GS. 

The author describes and tabulates the grooves and scratches 
observed by him on rock-surfaces in various parts of Newfoundland, 
especially Conception Bay, the neighbourhood of St. John’s, and the 
north of Bonavista Bay. From the diversity of the direction of the 
markings and other considerations, he considers that they must have 
been produced by glaciers, and he believes that the main features of 
the country were much the same as at present before the glaciation 
took place. The author thinks that the land has not been sub- 
merged since it was freed from its coating of ice. 

7. “On the Glacial Phenomena of Western Lancashire and 
Cheshire.” By C. E. De Rance, Esq., F.G.S. 

The author described the general form of the ground and the pre- 
glacial condition and glacial deposits of the districts of Wirral and 
Western Lancashire, and draws from his observations the following 
general corclusions. That before and at the commencement of the 
glacial epoch the north-west of England was more elevated above 
the sea-level than at present, but afterwards gradually subsided, 
during which process marine denudation produced the plains of 
Wirral and Western Lancashire. Part of the latter has since been 
covered with glacial deposits 200 feet thick. The valleys running 
in the strike of the Triassic strata appear to have been formed by 
subaérial agencies. It is probable that when the glacial epoch com- 
menced the hilly country was covered with immense glaciers, or 
with an ice-sheet, which, as the land sunk, reached the sea. The 
High-level Lower Boulder-clay was probably produced by this land- 
ice. The land continued subsiding until it stood 100 feet lower 
than at present, submerging the lowlands of Lancashire and Che- 
shire to a depth of rather less than 25 fathoms, the coast-line being 
surrounded by an ice-foot, which received on its surface quantities 
of pebbles and boulders from the lake-district. These, on the 
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Mecsas up of the ice-foot, were spread over the lowlands, forming 
the Low-level Lower Boulder-clay. The climate then improved, al- 
though subsidence still continued, and the sandy and gravelly de- 
posits of the middle drift were produced—these deposits, at whatever 
elevation they occur, having been found in shallow water during 
the constant subsidence of the coast-line. The surface of the middle 
Drift shows traces of what seems to have been subaérial erosion, 
leading to the supposition that the land must have risen and suffered 
denudation before that depression during which the Upper Boulder- 
clay was deposited, at which period the climate again became: ex- 
tremely cold, and fresh glaciers were formed. . Before the elevation 
of the Upper Boulder-clay the climate was greatly ameliorated. 

_. 8. “On the Preglacial Deposits of Western Lancashire and Che- 
shire.’ By C. KE. De Rance, Esq., F.G.S. 

The author believed that after the deposition of the Esker Drift 
the country rose to from 200 to 300 feet higher than at present; 
but in the course of this elevation there was a pause, during which 
denudation took place, and the low plains, now covered with peat- 
moss, came into existence, From the consideration of the present 
depths of the channel between Great Britain and Ireland, the 
author inferred that an elevation of 200 feet would have caused 
the coast-line to run from the Mull of Galloway to St. David’s Head ; 
and Ireland would have been so connected with Wales as to render 
possible the migration of mammals, plants, and of man himself, 
Glaciers probably still persisted in the lake-district during the whole 
of this period of elevation. During a subsequent subsidence 
drainage became greatly obstructed, peat was formed, the sea en- 
croached upon the land and worked its way eastward over the sea- 
bottom of postglacial times, a movement yet in progress. Here and 
there sand has begun to blow, forming dunes. 

9. * Observations on Modern Glacial Action in Canada.” By the 
Rey. W. Bleasdell, M.A., Rector of Trenton, 

The author described some phenomena of ice-transport observed 
in Canada, especially those produced by the flood, anchor, or pack-iee 
produced in the rapids of the Canadian rivers. To this he attri- 
buted the entire disappearance of Crab Island in the River St. 
Lawrence, near Cornwall. This island occupied about an acre and ~ 
a half within the memory of men now living; it has now entirely 
disappeared, and the water above it is gradually deepening. The 
island, according to the author, has been carried away piecemeal by 
the action of miniature icebergs, floated off by a rise in the water 
produced by a dam of anchor-ice below. 
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XIL. Intelligence and Miscellaneous Articles, 
ON THE SPECTRUM OF THE AURORA BOREALIS. 

BY JOHN BROWNING, ESQ, 

a SING the display of the Aurora Borealis which occurred on the 
AH” evenings of the 24th and 25th of October, I confined my atten- 
tion to observing the spectra of the light, taking it in different parts 
of the sky. When the spectroscope was directed to the more lumi- 
nous portions, which were generally of a silvery white, the spectrum 
appeared to me to consist of only one line. I could not succeed in 
verifying the position of this line; but it appeared to be situated be- 
tween D and E in the spectrum. When observing the light of the 
red portions of the sky, a faint red line became visible. I had no 
means of verifying the position of these lines with any degree of ex- 
actitude; but I was able to throw into the field of view a faint con- 
tinuous spectrum from a distant light, and also the bright yellow 
sodium-line produced by a spirit-lamp. 
_ The colour of the green line was very peculiar ; had I not bee 
able to observe it by comparison, I could not have formed any idea 
of its position. It was an exceedingly light silvery green, or greenish 
grey, and often seemed to flicker. Besides the two lines I have 
particularly described, I occasionally suspected others, one in the 
red and one in the blue; but I could not beat all sure of this. The 
colour of the light of the aurora seen over the greater portion of the 
heavens resembled exactly that of the discharge of electricity from 
an induction-coil through a vacuum formed from atmospheric air.— 
Monthly Notices of the Royal Astronomical Society, November 11, 
1870, 

NOTE ON THE USE OF EYE-SCREENS IN TELESCOPIC AND OTHER 

RESEARCHES. BY RICHARD A. PROCTOR, B.A. 

Most observers with the telescope keep the unemployed eye open 
while studying with the other the features of an object in the tele- 
scopic field of view. Closing the unemployed eye produces, in fact, 
palpably injurious effects. But I suppose every one must have no- 
ticed how much better the features of a faint object are seen, when 
with the hand or any screen the unemployed eye is protected, 
even though it be only from the luminosity of the star-lit sky. I find 
that much better results are obtained when the unemployed eye is 
guarded from the access of all light whatever by a screen lined with 
black velvet. Yet better vision is secured if the screen is so con- 
trived as to guard the employed eye also from all light except what 
reaches it from the object. This can easily be managed by having 
a screen covering both eyes, but with sliding doors, by which a 
small circular aperture opposite either eye can be opened or shut 
at will. Each aperture can have outside it a small tube passing 
over the eye-tube of the telescope. Or (preferably for some pur- 
poses) a small sleeve-curtain with an elastic circular opening at one 
end can be attached at the other over either eye-aperture. ‘Then if 
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the opening be passed over the eye-tube and suffered to close by its 
elasticity, the desired result will be secured. 

From my own experience I feel confident that, for certain special 
orders of research, the use of eye-screens of this sort (the details 
being arranged according to convenience) will be found of great 
service. I may particularize observation on moonlit nights, the 
examination of faint nebule or the search for them, the search for 
minute points of light, delicate spectroscopic and polariscopic re- 
searches, and the investigation of questions concerning the colours 
of the planets, of the lunar regions, &c. The following description 
of the modus operandi will serve to supplement the above general 
sketch. The equatorial being set on any delicate object, the ob- 
server fastens the screen over his eyes, attaches the sleeve-curtain 
over the eye he proposes to work with, slides the elastic ring over 
the eye-tube, and suffers it to close round that tube. Having seen 
that the object is in the field and the rate of driving just, he closes 
both the eye-doors, keeping his eyes open and directed on the per- 
fect blackness of the velvet lining. When he thinks the eye suflici- 
ently prepared, he draws out the sliding eye-door over the telescope- 
eye, and is then able to apply the full powers of his eyesight (under 
exceptionally favourable conditions) to tne examination of the object 
he has to deal with, 

I am desirous of learning how far the efficiency of such contri- 
vances depends on aperture—that is, whether the performance of 
large telescopes is as much improved as that of smaller instruments. 
If any Fellows of the Society should care to experiment on this 
matter (which is not unimportant, I conceive), they would be confer- 
ring a favour on me by communicating the results they may obtain. 
I refer here simply to the comparison between the work of a telescope 
used in the ordinary way and when supplemented by eye-screens. 

I may renew here my suggestion of the great importance of ap- 
plying such contrivances during the examination of the corona in 
total solar eclipses, whether with the telescope, spectroscope, or 
polariscope. As regards the spectroscopic analysis of the corona, 
any method by which the visibility of a very faint continuous spec- 
trum can be increased (and I imagine that eye-screens such as I have 
proposed would have such an effect) cannot but be well worth. 
trying. Itseems highly probable that the variations in the accounts 
given so far depend wholly on the amount of opening in the slit—a 
narrow slit giving a very faint continuous spectrum and three some- 
what brighter lines (one can scarcely speak of bright lines in this 
case), which are under these circumstances very difficult and delicate 
objects of observation; a somewhat wider opening gives a continu- 
ous spectrum, bright enough to obliterate two of the lines, but leav- 
ing one (the one Professor Harkness saw) fairly visible; a wider 
opening shows only a continuous spectrum, the lines being all ob- 
literated. ‘This at least is the explanation which seems alone con- 
sistent with the principles of spectroscopic analysis ; and it is ob- 
vious that, if it be just, any increase in the eye’s power of apprecia- 
ting faint light must be a great gain.— Monthly Notices of the Royal 
Astronomical Society, November 11, 1870. 
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THEORETICAL ASTRONOMY 
EXAMINED AND EXPOSED 

By “COMMON. SENSE.” 

128 Pages, Demy 8vo, Cloth Gilt, Handsomely Bound, Price 5s. 

JoHn Stuart Mri1, in his valuable work On Liberty, says this :— 
“Tt is the fashion of the present time to disparage negative logic —that 
which points out weaknesses im theory or errors in practice, without estab- 
lishing wositive truths. Such negative crilicism would indeed be poor 
enough as an ultimate result; but as a means to attaining any positive 
knowledge or conviction worthy the name, wt cannot be valued too highly; 
and wntil people are again systematically trained to it, there will be few 
great thinkers, and a low general average of intellect, in any but the mathe- 
matical and physical departments of speculation. On any other subject, no 
one’s opinions deserve the name of knowledge, except so far as he has either 
had forced wpon him by others, or gone through of himself, the same mental 
process which would have been required of him in carrying on an active 
controversy with opponents. That, therefore, which, when absent, i ts so 
indispensable but so difficult to create, how worse than absurd ut is to forego, 
when spontaneously offering itself! If there are any persons who contest 
a received opinion, or who will do so uf law or opunon will let them, let us 
thank them for it, open our minds to listen to them, and rejoice that there 
is some one to do for us what we otherwise ought, of we have any regard for 
either the certainty or the vitality of our convictions, to do with much greater 
labour for ourselves.” 

There are, truly, people who “contest” certain “received opinions ;” 
and, people, also, who have great ‘‘regard” for the “vitality of their 
convictions.” ‘‘ Theoretical Astronomy Hxamined and Haposed” is sent 
forth to the world by one of the former class, especially for those of the 
latter. But he who thus throws out his little book upon the turbulent 
waters of Literature—and who does so with the conviction that it will 
never sink—belongs to both of these classes: he regards the vitality of his 
convictions as of great moment—remembering that where there is no 
life there is no power. The author is convinced that mere ‘‘ opinions” 
are of very little use in Physics or Metaphysics: and, that the chief aim 
should be to arrive at the FACTS. He desires the Reader to test his 
OWN convictions—to put a strain upon them—to try them as to their vi- 
tality ; and, this done, to heap all the weight which will thus be gained 
upon those of ‘‘ Common SENSE” as laid down in the book before him: 
recollecting that the more absurd or outrageous a man’s convictions may 
happen to be, with so much the greater ease can they be overthrown, 
If, then, thou be not a Zetetic Philosopher already—and be not fearful of 
the name, which only means One who ‘proves’ things, and ‘holds fast 
to the good, —take this book, Reader: and, if thou canst not overthrow 
it, be content—nay, be “ thankful”—to be overthrown by it: since no 
harm can possibly result from the adventure, but, it may be, that 

_ positive and well-grounded “convictions” shall take the place of mere 
baseless or ill-founded “ opinions.” 

“COMMON SENSE.” 
x = 



INTRODUCTION TO “ THEORETICAL ASTRON OMY.” 

THE EARTH NOT A GLOBE. 

“Tum EartH not a Guope!” Well, we ask, “Js it a globe?” that is 
the question. We have been taught the extraordinary dogma that the 
Farth IS a globe; and if we had been taught that the Karth was a cone or 
eylinder, we should, in all probability, teach our children that it was 
conical or cylindrical, and the next generation would have no more doubt 
about the matter than the generality of educated people of these enlightened 
tumes have that the Earth is globular. But then, we have a raght to doubt, 
just as we have a right to know. There isa book called “ That's xt” 
“recommended by eminent Clergymen” and others, in which we read as 
follows :—‘“ The earth is nearly round: we are accustomed to think it so, 
“because we see vound maps, and round globes. But maps and globes are 
“made round because zt is known that the Earth is so.” Well then, Who 
knows ? Can we do better than go back to the author—from whom the 
theory takes its name—and learn what he knew of it, since astronomers 
contessedly take the Copernican system for granted, and trouble not 
themselves about it? What then do we read? M. FoNTENELLE says 

_ “Copernicus himself was very doubtful of the success of his opinion : it 
“was a long time before he would publish it ; at length he resolved to do 
“it, on the importunity of some people of consequence ; but the very day 
“that they brought him the first impression of his book in print, do you 
“know what he did ?—he died! He could not bear all the objections he 
‘foresaw would be made to his opinion, and wisely withdrew.” So we 
find, after all, that “people of consequence,” in 1543, were much like people 
of consequence in 1864 : they could have things pretty well their own way, 
and send forth “opinions,” right or wrong, which they laboured not to 
form, and cared not to examine. These opineons are up and down in the 
world now ; if, indeed, they have not lost all title even to such a name as 
this. Opinions, indeed ! It is not long since we were looking at the new 
brass plate which has been affixed to the outside wall of the Royal Obser- 
vatory in Greenwich Park, which marks the height of the spot above the 
level of the water of the Thames, and shows that there is less than two feet 
difference between its height above the water at Greenwich and the water 
at Liverpool. On the brass plate becoming a subject of conversation 
amongst the bystanders (who agreed without an opposing word that 
the said brass plate entirely overthrew the doctrines professed by the 
astronomers themselves, making out the Earth to be level instead of 
convex), one gentleman remarked as follows :—‘ Yes: it’s a strange science, 
* Astronomy! Our forefathers used to say that the Sun went round the 
“Earth, instead of the Harth round the Sun!” Opinions! Who can say that 
he has an opinion on the matter, when the fact is that our teachers them- 
selves are even now engaged in serious controversy as to whether the Moon 
goes round the Earth, or the Earth round the Moon? Who can be 
surprised at the visitors in Greenwich Park, approaching too close to the 
Observatory, becoming so enveloped in fog and mystery as not to know 
that it is owr astronomers who tell us that we are going round the Sun, and 
that it was our forefathers who made use of their senses, and knew that 
the Sun went round the Earth? It is time that people began to form 
opinions for themselves in such matters as these. It is quite time we left 
off making ‘“‘round globes” just to help us to “think” that the earth is 
like unto them /—as we would make a golden calf to assist us in the worship 
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of a Deity whom we thought to be like a quadruped ; or as people even: 
now make for themselves images the better to enable them to worship ther 
God, whom they vainly imagine to be like unto a biped. It is time that 
if we know not the nature of a thing we should confess our ignorance. 
It is time that we taught our children something that we could give a 
reason for ; and that we did not teach them as though they were so many 
parrots to be taught. Itis time that we “took-stock” of our reasoning 
powers, to know whether they be not slipping through our fingers in the 
headlong race after sensation. It is time people were told that they are 
being misled; that the “proofs” which are given them of the Earth’s 
rotundity would tremble and fall if submitted to strict investigation, and 
that, in fact, if untold rewards were offered for a genuine proof of this, the 
primary astronomical dogma, it would never be forthcoming. It is time 
for people to know that astronomers have never before been in so great a 
labyrinth of theories as that in which they now find themselves. It is 
time for people to know that he who professes to believe the Bible and 
Theoretical Astronomy too, is either utterly ignorant of the nature of the 
one or the other, or else he is worse than ignorant—deceitful: for, as the 
one is in diametrical opposition to the other, reconciliation is out of the 
question. And it is high time for intelligent, Truth-loving, firm, young 
England to lead the way to a Reformation which shall have for its end the 
downfall of a so-called system of astronomy in which its very professors 
have no confidence, and the establishment of a Natural System of 
Astronomy which shall be in unison with all of Nature's established laws, 
and which shall neither shame its professors nor be antagonistic to the 
well-known requirements of “COMMON SENSE.” 

IT is, in the nature of things, disagreeable to us to entertain ideas which 
are opposed to ‘Common Sense,” for the simple reason that we like to de 
right, even though we are prone to do wrong. Over the times and cir- 
cumstances of our birth we have no control; and, as a rule, we believe 
everything that we are taught to be the riaut thing. Amongst the 
thousands of antagonistic Beliefs concerning one thing or another, we 
consider none that we habitually entertain as at all likely to be wrong. O, 
no. All that we are taught to believe, is right, because—we are taught to 
believe it. Three hundred years ago, our forefathers were taught that 
the Earth was, as a whole, a level plane, that it had no motion ; that when 
they rested in their beds, they rested altogether, beds and all; that all the 
rivers flowed gently down the slopes of the continents to the level of the 
seas and oceans; that the Sun, Moon, Planets, and Stars travelled round 
the Earth, just as people imagined when the Bible was written ; and, in 
fact, that they could believe their senses. Poor, deluded mortals! They 
should have lived in these times. Why, they have lost all those vast stores’ 
of knowledge which were opened up to us by Copernicus, in 1543. How- 
ever, let us hope that they have found more in a better world. Copernicus, 
we are told, “ was not satisfied” with Nature going on in this easy kind of 
manner. Hear what Fontenelle, the astronomer, says of him :—“ Copernicus, 
“seized with a noble frenzy, took the Earth, and sent her far from the centre 
“of the Universe, where she had been placed; and, in this centre, he placed 
“the Sun, to whom this honour did with greater justness belong. The 
Planets,” says the French astronomer, “no longer revolved round the Karth 
as the centre of their motion,” but, “the whole immediately turn round the 
Sun; the Earth herself does the same ;” and so M. Fontenelle goes on 
speaking of the vast improvements effected by Copernicus in the arrange- — 
ment of all the heavenly bodies with the exception of the Moon, which 
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Copernicus left to turn round the Harth as before. The Earth, then, we 
must bear in mind, has been a heavenly body ever since Copernicus was 
“seized” with the ‘‘frenzy,” and so nobly undertook the management of 
these affairs. We, being on the surface of this heavenly body, of course, 
are carried along with it in its journey round the Sun—a journey which 
takes us twelve months to: complete. As Copernicus himself placed us at 
the moderate distance of little more than 3,000,000 of miles from the Sun, 
he gave us a pleasant little turn round the Heavens. But these things 
alter. The poor old astronomer, Copernicus, is dead and gone; and the 
conduct of these affairs has fallen into other hands. As the times advance 
so we go ahead. Printing, done by steam, can hardly keep pace with the 
“frenzy” of the astronomers. Our children are now learning, with all 
possible diligence, that we are travelling in an orbit 95,000,000 of miles 
from the Sun; and that the other Planets are at proportionate distances, 
all of which are easily committed to memory. Astronomers have lately 
made a ‘‘ trifling” alteration in the distances, velocities, dimensions, and 
circumference of the orbits of all the Planets; and as soon as new sets of 
school-books can be printed they no doubt will be. It may just be 
mentioned, so as to convey some idea of this alteration, that we are now 
only about 91,000,000 of miles from the Sun—four millions of miles 
nearer than we have imagined for some years past,—and Neptune, one of our 
fellow-travellers round the Sun (that Sun which, by the bye, our poor 
forefathers used to think came round to them every morning), instead of 
being 2,860,000,000, of miles from the Sun, is nearer to it by about 
122,000,000 of miles. But we must take our books as we find them, of 
course, and believe them till we (or the next generation) get better ones. 
Moreover, if other “corrections” should. be deemed necessary, and still 
others, there is every chance of astronomers being right, in the end, at 
some time or other. Well, round the Sun, then we go. We must not 
consider the speed as at all extraordinary in such times as these. -It 
is simply, as we are told, 68,000 miles in an hour! We have other 
motions which are, however, comparatively insignificant; such, for example, 
as that of rotation, which is only at the rate of 1000 miles an hour at the 
Equator. So that, leaving these out of the question, we find that, while 
our forefathers imagined that they only travelled just where they had a 
mind to go, and at their own pace, the fact is, (according to the astronomers) 
we travel, in the course of one year, more than 599,000,000 of miles! 
But alas! so far as the great bulk of the people is concerned, even in these 
enlightened days, these “Curiosities of Science” might all find a place in 
some new volume of “THINGS NOT GENERALLY KNOWN,’ if such were in 
contemplation. The volumes already issued by Mr. Timbs, F.R.S., are not, 

- in any manner of speaking, generally read. Who, at the present day, 
KNOws that we travel round the Sun at the rate of 68,000 miles an hour ? 
Where is the man (except he be an astronomer) who has the smallest idea 
that the Earth weighs 6000,000000,000000,000000, of tons? Is there 
one in a thousand who knows that the diameter of the Earth is said to be 
just 26 miles less in one direction than it is in another? or who ever thinks 
of the amazing skill of the astronomers who hold in their puny hands the 
weights and measures for the Universe? Who, even now, with all his 
familiarity with the price of cotton and tallow, is aware of what has been 
told us by Dr. Vaughan, that the rays of the Sun have an illuminating 
power of 3500,000000,000000,000000,000000 of candles? Talk of the 
““dark ages!’ Weare just as much in the dark now. Astronomers know very 
well (for they tell us) that we cannot see the stars at all ; that what we see 
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is the light that has left the stars ages and ages ago, so immensely great 
is the distance it has to travel to reach us. We are told of Stars whose 
distance is so great that their light takes 350,000 years to reach us at the 

rate of 12,000,000 of miles every minute. But the people are not 
generally aware of these beautiful scientific calculations, brought home to 
them as they are to their very doors. Think of the amazing mental and 
manipulatory skill exerted by Foucault to prove, by direct experiment 
that the rays of light travel twenty-two yards in the fifteen-millionth part 
of asecond! Artizans! is not this enough to fire you with additional zeal 
in your various avocations! Think of the astonishing accuracy with which 
the observations of astronomers are conducted! Some slight variations in 
their fractional calculations have been found to have their origin in 
‘upheavals and depressions of the land” on which their Observatory has 
stood ; and thus we are led to imagine that the instruments in use by them 
have been disturbed by natural causes. This is a very different thing, and, 
therefore, must not be confounded, with the case of the bad workman who 
finds fault with his tools. In fact, it may seem that the senses of the 
astronomers have recently been preternaturally exalted ; for Mr. Lowe of | 
Nottingham, if the newspapers be correct, has an ‘‘ Harthquake Pendulum” 
in use at his Observatory; and it is said that, by its means, Mr. Lowe on 
one occasion detected “a sensible movement of the EKarth from W.N.W. 
to .S.E.,” succeeded by “an almost constant movement,” though less — 
“sensible,” for the space of ‘‘two hours during the following midnight.” 
This, again, must not be confounded with the case of any ordinary indi- 
vidual having his nervous system unstrung by hours of anticipatory 
watching, for astronomers are well used to this kind of thing ; neither must 
it be mistaken for an instance of one of those interesting psychological 
phenomena produced by what is known as the art of Electro-Biology, for 
these are in consequence of the influence which one person may have over 
the mind of another under certain conditions, and of the exercise of which 
we have no evidence at all in the case under consideration. Again, how 
interesting are some of the accounts of the phenomena experienced in the 
higher regions of the atmosphere! A well-known astronomer says, in the 
“ Leisure Hour,” that the Earth, seen from the balloon, ‘‘did not present 
a concave or cup-shaped appearance, according to the popular belief,” and 
afterwards, in the same publication, the same gentleman says that the 
Earth “appears as a concave surface.” But mark the reason :—it is in 
No. 647.: “The plane of the earth offers another DELUSION to the. 
“traveller in air.” We know of few questions more interesting than one 
which naturally arises in the mind after reading these statements. It is 
this :— How is it that, in the first case, the experience of other zronauts is 
-negatived, without any idea of delusion in the matter ; and, in the second | 
instance, nine months afterwards, when their experience and evidence is 
confirmed, it is an optical “delusion” directly! Interesting as this 1s, 
there are other things :—speculations, avowedly such. Here is one. The 
astronomer just spoken of, who is our own appointed and accredited 
Magnetic and Meteorological Superintendent, says, in the only pamphlet 
we have seen bearing his name, that “In the ascent on July 17, the air 
‘was found to be charged with NEGATIVE electricity ;” and the speculation — 
is, Whether, at higher elevations, any electricity at all would have been 
found, or “whether it would have changed to NEGATIVE.” The author 
says that “itis impossible to say.” Now here is a thing that has been 
said, and read, too, by thousands lately :--‘“‘ When the moon is overhead 
it is difficult for us to conceive that if a cannon ball was fired at us from 
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“the central portion of the moon’s disc, it would rush down towards us 

“a short distance, and then turn backward and fall up to the moon again.” 

We don’t know half the wonders of “gravitation” yet. Now, although 

“corrections” are sometines necessary in this amazing Science, the 

astronomers give them to us good-humouredly, and expect us to receive them 

in the same spirit (with a dash of humility in it), assuring us that they 

are fractional and unimportant. Even our Astronomer Royal himself says, 

Iwith regard to the movement of the whole Solar System in space, “The 

«matter is left in a most DELIGHTFUL state of uncertainty, and I shal] be 

very glad if any one can help us out of it.” Astronomers KNOW that 

Ptolemy of old—when everyone believed the Earth was flat and motionless, 

land not hanging or twisting in space, or flymg in any conceivable or in- 

conceivable manner whatever—predicted eclipses, with the utmost accuracy, 

for 600 years! But the great fact remains, that the Copernican System 

[happens to be the one in vogue Now ; for Sir John Herschel says, in the 

fourth page of his celebrated work, “ We shall take it for GRANTED, from 

Mthe outset, the Copernican “system of the world.” Iv IS TAKEN FOR 

GRANTED ; and all that is required is an extended acquaintance with the 

speculations, the suppositions, the calculations, the arguments, the pre- 

tended proofs, the wonders, and the stupendous magnitudes of all the 

humanly devised arrangements in this modern system of Astronomy—in 

lthe exact words of its professors, exposed, examined, and exhibited in the 

Fealm light of ‘‘ Common Sense,’—in order that this Theoretical and ever- 

yarying system of explaining Facts which for ever occur and recur with 

marvellous exactitude, may be saluted, by the people at large, as the 

‘most—stupendous absurdity that ever entered the mind of man. 
ay a. 

—$—— ————— 

NOTE BY THE EDITOR. 

_ Apart from the actual merits of the Work to which these few leaves are 

intended as an introduction, it has one peculiarity which may interest the 

mere mechanical reader who has no intention of being swayed by its 

‘arguments. And, perhaps, there is no other volume in the whole range 

of literature, that can pretend to vie with it in this single fact. The author 

of it was no University Professor, no member even of any of the so-called 

“Tearned Societies.” He was, at the time he published this book, a 

working-man—a journeyman Printer. Not one single line out of the 128 

“pages which compose the body of the work has ever existed in manuscript. 

It was composed ‘“‘at case,” in the Printing Office, and committed then 

and there to type! After his own long day’s work was done, in an office 

which has had the benefit of his faithful services for twenty-one years, 

‘did this prodigy of zeal and of indomitable industry go home and, 

depriving himself of the enjoyment of the society of his unselfish wife and 

children, spend night after mght in the composition of a work that will 

' endure as long as ink and type shall last. All the Scientific Societies of 

- London combined to crush it. They abused his publishers ; they threatened 

' to ruin their trade if they dared to sell such a stinging exposure of what 

" had received the approval of the whole scientific world ; and so effectually 

_ did they bully and bribe the bookselling trade, that for nearly tive years 

‘this extraordinary Work was left on the author’s hands, and would probably 

‘have remained so, had it not been providentially (we use this word in 

its true meaning) introduced to our notice. We instantly made arrange- 

‘ments for the possession of the copyright, and if we were to lose 95 per 

2 
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cent of the purchase money, we shall still feel that to leave such talent and 
industry unrewarded would be a burden on our conscience which we were 
not prepared to endure. But te WILLIAM CARPENTER, of London, will 
ever belong the proud satisfaction of having been the author of one of the 
most able displays of genius, perseverance, and intelligent acquaintance 
with the scientific literature of the day, that Europe or America could 
boast of. 

In saddling ourselves with the task of forcing this book on the notice 
of an unprejudiced public, we pretend not to aspire to the honor of 
martyrdom. Many sacrifices and many losses we are willing to submit to 
in promoting a cause which deeply concerns the whole civilized world. We 
are prepared to face, nay, we shall glory in patiently bearing the scorn of the 
“ philosopher,” the insult of rude ignorance, the sarcasm of malice, the hired 
censure of the sycophant critic (whose preferment depends on the prosti- 
tution both of knowledge and conscience) as well as the virulent attacks of 
the venal journalist. It would be a disgrace to an honest man and a Christian 
not to incur the abuse of those who have sold their integrity and abilities to 
the enemies of their country and their God. Truth will ultimately prevail 
in the teeth of a world in arms. Columbus was despised, persecuted, and 
treated with derision and unbelief; but America stands before the world 
as a testimony to the truth and sagacity of his discovery. Many since 
his time, unnoticed by the eye of pride, have had the honor to discover 
and disseminate principles and doctrines that have promoted the welfare 
and the happiness of the human race. Au that was rich, influential, and 
at that time popular, combined against Luther and the principles he 
maintained. Yet when pontiffs, kings, and potentates had displayed their 
impotent rage, and sunk into that oblivion which their personal insignifi- 
cance naturally ensured, Luther prevailed; his name and the truths he 
advocated are alike, immortal! He broke the chains of bigotry and 
superstition, and though he was resisted by the whole world, he knew he 
stood on a rock through which he could never sink, and behind a rampart 
which could never be overthrown. 

The Science of the Bible is destined also to stand unmoved in spite of 
the sneers of ten thousand objectors. Men may as well attempt to deny 
the fact of the Creation itself, or of the first advent of the Son of God, as 
to uphold the lying imposture of the Newtonian philosophy. 

Terrible as are the military struggles on the Continent of Europe, and 
great as may be the dynastic, territorial, and political consequences, both 
to governments and peoples, there is yet another war to be waged, greater 
battles to be fought, far greater victories to be achieved, and still more 
glorious changes to be wrought ere suffering and misguided humanity can 
be at rest, or can enter upon that state of peace and true progression which 
Philosophy and Religion have always promised as the happy condition of 
a redeemed and renovated world. When truth will reign supreme, and 
falsehood be put to silence and to shame. When the wisdom of sound 
reason and experience will prevail over the fallacies, contradictions, and 
follies of imaginary theories. When man will cling to the true and reject 
the false, irrespective of all consequences, and will cease to be the victim 
of heathenish superstition, bigotry, and fraud. When the “earth will be. 
full of knowledge of the Lord as the waters cover the sea,” and no longer 
remain, as it has been for ages, a reeking Pandemonium. 

One of the greatest of the great battles to be won is that of Scriptural 
Science over the baseless calculations, falsely-called philosophy, of Coper- 
nicus, Galileo, and Newton. To accomplish this glorious victory the contest 
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must no longer be left in the hands of prejudiced and interested 
professionals, aided by a venal and insolent press, who have no object but 
to flatter and pander to the pride of an unthinking and lie-loving age. 
These covetous hirelings, who are unfortunately the representatives of the 
scientific associations, think it politic to denounce and abuse everything 
that runs counter totheir own ignorance and selfishness, and of course 
maintain that the “‘execrable superstitions of Galileo and Newton” are 
to be regarded as gospel to the end of time. We are equally determined 
that this vile conspiracy to deceive the whole world shall be thwarted and 
exposed. The deception has, by the aid of Protestant divines, lasted 
upwards of a century already. We say Protestants, because the Church 
of Rome has, from the outset, resisted and opposed the insane delusions of 
infidel mathematicians. There is not an educated Roman Catholic in the 
world who does not regard the Newtonian theory with abhorrence and 
contempt. 

One word on the subject of Naval Science. Though the shape of the 
earth may not be thought to have much to do with ship-building, yet we 
maintain that a parcel ‘of blockheads who do not even know the shape of 
the ocean over which they are constantly sailing, cannot possibly arrive at 
periection in the construction of anything they take in hand. Here are a 
set of men with the compass constantly before their eyes. They know as 
well as we do that that instrument was never intended, any more than the 
spirit level, to act except on a horizontal surface. Yet because that lying 
old lunatic, Sir Isaac Newton, said his mathematical calculations would be 
‘thrown to the winds if they were not practically applied and accepted as 
true, England has for ever disgraced itself by believing one of the most 
astounding falsehoods that the mind of man was ever capable of inventing. 

Let it be remembered, and we beg to draw most particular attention to 
this fact, that Copernicus, the original inventor of the globular theory, 
said it was a lie, and that those who believed it would leave off the study 
of it bigger fools than when they began!!! And he dropped down dead 
the very first day his friends, contrary to his wishes, brought him his 
manuscript in print! Yet this bastard theory, which the inventor himself 
refused to acknowledge, and died at the thoughts of its being regarded as 
his work, is, up to this very day, defended and approved by philosophers 
and divines, and regarded with a thousand fold more interest than the 
teachings of the inspired writers, who knew nothing of all this impious 
attempt to improve upon the designs of the Almighty Creator. But 
confusion and dismay await them. Perhaps no humiliation that England 
could experience as a nation would equal the terrible and overwhelming 
announcement that its favourite science of a hundred years duration should 
be proved at last to be an old wife’s fable, contrary to fact, to reason, and 
to the positive evidence of our senses. A thousand armies landed on every 
side of our sea-girt shores would not create half the dismay and confusion 
that will attend the discovery of Newtons base imposture. But its days 
are numbered ; if it perish not in the crucible of philosophy, it will 
crumble in the hands of time. jel 

Friends of Sir Isaac Newton are careful to suppress the well-known fact 
that ten of his most carefully prepared Works, left in manuscript at his 
death, were pronounced by his executors to be unfit for publication, being 
so full of sceptical opinions on religious subjects ; and they were e consigned 
to the flames, lest they should damage his reputation ! 
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TIME was, they said the Earth was flat; but now they say it’s rownd ! 
But strange enough, though true, it is, no PROOF has yet been found. 

Astronomers will tell you, if you ask them, o’er and o’er, 

Proofs are by no means wanting, by the dozen or the score. 
Coprrnicus has told us this, and Newron, and the rest: 
And people say ‘ These are the men who, surely, should know best !” 

HERSCHEL, indeed, says, in his book, ‘ We'll take tt all for granted ;’ 

But ‘“ COMMON SHNSE” says, now-a-days, that something else is 
wanted. 

GLAISHER the bold, we have been told, has been far above the ground ; 
But bold enough are we to say that proofs he ne’er has found. 
Aud if’t be true the Earth’s a globe, who better off than he 
To say, when looking down upon ’t, The globe I plainly see!’ 

But, has he said so? No, not he: he knows his duty better 

Than to utter such a falsehood, in the spirit or the letter. 
When we take his Correspondence and his other publications, 
We can find no mention of a globe in all his ‘‘ Observations!” 
And here ’tis well to notice, that, if the Earth’s a plane, 
To all who view it from above, tis concave, in the main, 

As though it were a wassail bowl, so large and yet so true, 
The horizon for its edges, and its depths all tinged with blue. 
Thus we find that terra firma, if we take it as it looks, 

_ Is very far from being as ’tis shown to us in Books: 
For in them is nothing that would seem, if look’d at, like a cup, 
But a circle, with a man on it, and a ship, perhaps, sailing up ! 
A. globe this is to represent, having bottom, sides, and top, 

And people all around it, there, by some means, made to stop ! 

And, all the while, tis spinning on its avis, like a toy! 

At least, such is the theory: and it’s taught to girl and boy. 
Siz hundred miles an hour, at London, is the rate it’s going, 

Heedless alike of thunder’s roar, or winds that may be blowing. 
Professor AIRY, in his Lectures, says, ‘ young men,’ “ Do you believe ut?” 

We answer, ‘ No!’ and tell him, he himself need not conceive it. 

But this rotation is as naught compared with what we’re told 
Of its revolution in its orbit round the Sun so bright and bold: 
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For, although we are so wicked as to say ‘ there’s nothing in it,” 
The astronomers assure us ’t is a thousand miles a minute ! 
All evidence that we may get from the senses that we own 
Is nothing more (they tell us) than were we stick or stone! 
They have long since failed to trust them, as ARAGo plainly tells us; 
And yet, to trust these very men, old Etiquette compels us! 
Trust them! of course we will, when Nature’s represented ; 

But from putting faith in theories may we ever be prevented. 
And then, again, ‘tis very plain that Nature’s always taught her 
Sons to seek a level surface on the top of water. 
But Nature and her sons must learn of the savans who will teach them: 

For of theories they have enough, and who shall dare impeach them ?— 
‘The Earth a globe, and having on its surface lake and sea, 
‘What other form than globular can the surface of them be?’ 
But water must be LEVEL !— O, well then, never mind ! 

‘That’s but a trifling circumstance, some opening we shall find: 
‘ Just say that level’s convex; and convex, say ’t is level ; 

‘ And, then, all the mean objectors, we can send them to the 

‘Books we publish far and wide, just to have owr views in, 
*‘ And they will find them, one and all, instructive and amusing.’ 

We have been told, in language bold, that the distance of the Sun 
From Earth, in ’64, is millions NINETY-ONE ! 

In 63, and years gone by, ’t was taught in every school, 
And who forgot ‘twas NINETY-FIVE was considered as a fool! 
But trace the figures further back, and see the great variety 

That has been taught for sober truth in respectable society :— 
There’s HIGHTY-ONEH, and FIFTY-FOUR, and TWELVEH,—it is a 

fact,— 

Have all been told, in earnest, in the science called “ exact!” 

But ‘tis not only here, indeed, that error has been found ; 

One wrong begets a thousand, till the error runs its round: 

The planets, one and all, have size and distance altered, 

According to astronomers, who never yet have faltered! 
In fact, the last mistake that’s found in the distance of the Sun 

Is considered to be progress—as a battle nobly won! 
Four million miles is ‘ nothing’ when ’tis told of Earth or Mars, 
And when million million millions is the distance of the stars! 

The velocity of Light ’s been told to the millionth of a second: 

As though ’t were possible, by man, that such could e’er be reckoned! 

The Sun itself, ‘tis said, has been clearly weighed and measured ; 

And the figures of the reck’ning have been kept and dearly treasured. 
But “Common SEnse” and Ruason will never fail to show 
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That this is mere assumption, let who will pretend to know. 
That real proofs there are none (or they never have been found), 
And, this massive theory, undermined, must topple to the ground ; 
The “ proofs” of the astronomers have sownd but little sense, 

And those with Reason in their minds must banish them from thence. 

TRUTH is no more nor less than in itself persistent ; 
And he who urges aught beside must needs be inconsistent. 
The Truth is mighty, and shall win the crown, and then shall wear it, 
No matter who shall scoff and frown, and say they cannot bear it. 
Reform begins outside the Institutions that require it, 
And springs of honest hearts that love the Truth and most desire it. 

A change is coming o’er the minds of men who have been slaved ; 
And from piteous delusions many spirits shall be saved. 

Astronomers who say ‘the Earth's a globe’ must prove it, 
Or else for ever from the books for youth must they remove it. 

Here, then, we have a riddle, to the wise to be propounded : 

And let it not be cast aside till its depths be fairly sounded :— 

Come! tell us, first, then, how zt is, whatever else betide, 

That WATER can be LEVEL and yet CONVEX beside ! 
How ‘tis that rivers always flow to the level of the sea, 
And yet the Earth, o’er which they run, in form a globe can be! 
Then tell us how it is that—having sides and bottom— 
This “‘ globe” retains the people who are elsewhere than the top on! 
How ships, a few miles off, behind the water aught can be, 

When telescopes ten tumes the distance will enable us to see ! 

How ’t.is that ‘‘lights” in distance can at night be truly seen 
When, if the Earth were globular, deep space would intervene, 
And they could not be seen at all, as they may be, in the gloaming, 

On a level with the eye, in the distance faintly looming! 

How “tis that sailors, bound to sea, with a “globe” would never start, 

But, in its place, will always take Mercator’s LEVEL chart! 

How ‘tis that language always tells of the motion of the Sun, 
If really ‘tis the Earth that speeds her journey ever on! 

How ’tis—but, there !—or soon or late there'll come an end to ’t. 

And so we bid, in friendship, one and all attend to 't. 
And if to solve each mystery you should be inclined to try it, 
You will gain a prize so valuable that money shall not buy it. 

“THEORETICAL ASTRONOMY,” with other works on the same subject, 

can be had, post free, on application to John Hampden, Esq., Swindon, 

Wilts ; or through any Bookseller in town or country. 
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OPINIONS. 

THE MORNING ADVERTISER, JANUARY 21, 1865. 
**Mheoretical Astronomy Examined and Exposed. By ‘‘Common Sense.” Parts 

I., I1., and I1J.—London: Job Caudwell, Strand. SINCERE conviction earnestly urged, 
and resulting not from hasty prejudice or unreasoning obstinacy, but from a peculiar 
and exceptional mental bias, is deserving of respect and consideration, notthe contempt 
and ridicule which is too often its fate. We had all thought that the system of 
Copernicus, and the discoveries of Galileo, Tycho Brahe, and Newton, were received as 
matters no longer to be discussed, much less disputed. Here we have, however, no 
brainsick speculator or rapt stargazer, but a sane, sober, hard-thinking, reasoning, well- 
informed man, adducing arguments, aye, aud plausible arguments too, to show thatthe 
world is a plane surface, and not a globe, as man and youth have beentaught; that the 
sun goes round, or rather over and under, the earth; in short, that error and delusion. 
have blinded the mental vision of the scientific men whom we have worshipped with 
unreasoning idolatry. Pope said— 

** Nature and nature’s laws lay hid in night— 
God said, ‘ Let Newton be,’ and all was light.” 

**The little Queen Anne’s man” it seems was wofully misled, and the millions of 
Europe, Asia, Africa, and America, have been equally bamboozled. The writer, who 
has adopted the pseudonyme ‘‘ Common Sense,”’ displays certainly uncommon ability 
in support of his thesis—or skill in riding his hobby, asit may be more properly termed. 
**Common Sense” proposes as his axiom of investigation Dr. Beattie’s axiom, ‘‘ When 
men are once satisfied to take things as they find them; when they believe Nature upon 
her bare declaration, without suspecting her of any design to impose upon them; when 
their utmost ambition is to be her servants and interpreters; then, and not until then, 
will philosophy prosper.” Our author next appeals, certainly rather to our ‘‘ senses” 
than to our “‘sense,”’ as to whether the earth is round. He arrives at the conclusion of 
Byron’s excellent ‘* Commander of the Faithful,” and lord of the unfaithful Gulbeyaz, 
who was— ** Sure the moon was round, , 

And also was convinced the earth was square, 
For he had travelled sixty miles, and found 

No sign that it was circular anywhere.” 
* Our author, however, is not to be classed with the ignorant—far from it. He has 

examined, weighed, and considered all the ‘‘ proofs” of the astronomers, and, by his 
balance, ‘‘found them wanting.” Whether he will find othersto approve of his balance, 
or able to see through his spectacles, is anotherquestion. He puts his case ingeniously: 
One little point amused us, and though it does not convince us of the earth’s flatness 
any more than of its actual concavity, suggests a reflection that may serve to humble a 
too arrogant assumption of facts admitted without enquiry. 

** © Another curious effect of the aerial ascent was, that the Harth, when we were 
** at our greatest altitude, positively appeared concave, looking like a huge dark bowl, 
‘*rather than the convex sphere such as we naturally expect to see it. . . The horizon 
‘‘always appears to be on a level with our eye, and seems to rise as we rise, until at 
“length the elevation of the circular boundary of the sight becomes so marked that the 
** earth assumes the anomalous appearance, as we have said, of a concave, rather than 
**4, convex body.’—Mayhew’s Great. World of London. 

*°¢ Mr. Elliott, an American 2zeronaut, in a letter giving an account of his ascension 
** from Baltimore, thus speaks of the appearance of the earth from a balloon :—‘I don’t 
** know that I ever hinted heretofore that the aeronaut may well be the most sceptical 
**man about the rotundity of the earth. Philosophy imposes the truth upon us: but 
*“the view of the earth from the elevation of a balloon is that of an immense terrestrial 
** basin, the deeper part of which is that directly under one’s feet. As we ascend, the 
‘earth beneath us seems to recede—actually to sink away, while the horizon gradually 
‘and gracefully lifts a diversified slope stretching away farther and farther to a line 
**that, at the highest elevation, seems to close with the sky. Thus, upon a clear day, 
‘the aeronaut feels as if suspended at about an equal distance between the vast blue 
** oceanic concave above, and the equally expanded terrestrial basin below.’ 

“*<«he chief peculiarity of the view from a balloon, at a considerable elevation, 
** was the altitude of the horizon, which remained practically at a level with the eye at 
**an elevation of two miles, causing the surface of the earth to appear concave instead 
** of convex, and to recede during the rapid ascent, whilst the horizon and the balloon 
** seemed to be stationary.’—London Journal, July 18, 1857.” 

“These extracts are followed by others from Burchett’s LinEar PERSPECTIVE, the 
Leisure Hour, &c. Indeed the writer appears to have ransacked every modern pub- 
lication for passages to confute the received theory of our solar system, and indeed our 
Geodesy in bulk and in detail. Our author is never dull, and his onslaughtson what he 
believes to be error are hearty and trenchant. Without endorsing his arguments, or 
holding his peculiar theories, we can commend these little pamphlets to the reading 
and thoughtful public.” 
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XIII. On the Cause of the Motion of Glaciers. 
_By Joun Batt, F.R.S.* 

NS been absent from England, I have but lately seen 
#4 the interesting paper by Mr. James Croll in the last vo- 
lume of this Journal, wherein, continuing the discussion respect- 
ing the theory of glacier-motion put forth by the Rev. H.'Moseley, 
he has done me the honour of replying to the remarks made by 
me on the same subject in July last, and at the same time has 
developed rather more fully the views previously published by 
himself, which may for brevity be designated the molecular theory 
of glacier-motion. 

I must, in the first place, confess that, in the few pages pub- 
lished in this Journal for last July, I gave a very incomplete 
statement of my own opinions in regard to the cause of the mo- 
tion of glaciers. My object was to state very briefly what 
seemed to me insurmountable objections to the arguments used 
by Mr. Moseley ; and even in this respect J fear that I have failed 
to express myself with the requisite fulness and precision. I 
now beg permission partially to supply the deficiency, and at the 
same time to explain why | think it unnecessary to supplement 
the received theory of glacier-motion by a hypothetical assump- 
tion as to the molecular condition of the ice in a moving glacier, 
and to what extent I think that theory does require modification. 

I am happy to find myself in full agreement with Mr. Croll 
respecting the so-called “ crawling” theory of Mr. Moseley, of 
which no defender has been found amongst men familiar with the 

* Communicated by the Author. 
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facts of glacier-motion. The point for discussion is whether the 
ordinary theory, which affirms that a glacier descends byits weight 

through the processes of fracture and regelation, has been over- 
thrown by the arguments and observations opposed to it by Mr. 
Moseley. Mr. Croll admits the force of some of the objections 
urged by me to the views of Canon Moseley, but nevertheless 
retains the opinion already expressed by him in March 1869, 
that “Canon Moseley has successfully shown the insufficiency of 
the generally received theory of the descent of glaciers.” 

It is known to all who have followed the controversy, that the 
argument against the received theory depends upon observations 

_made by Mr. Moseley on the shearing-force of ice, determined 
by the weight or pressure requisite to shear a square inch of 
that substance. In my last paper I sought indirectly to show 
that these observations were inapplicable, because the physical 
fact which Mr. Moseley had in view is not the same, but totally 
different from that which obtains in a moving glacier. It will 
perhaps be simpler to say that I demur altogether to the use of 
the term shearing-force until its meaning is accurately defined, 
and. is shown to be appropriate to the argument to which it is ap- 
plied. In some substances the amount of resistance opposed to 
the separation of adjoining particles is nearly independent of 
temperature, and of the time during which the pressure is applied. 
In other bodies which oppose a very considerable resistance to 
fracture, the particles gradually change their relative positions 
under the prolonged action of even slight pressure ; and in some 
of them the amount of change depends very much on their tem- 
perature while exposed to pressure. Ifwe are to use the same 
term for every process by which the particles of solid bodies 
change their relative positions, whether by actual fracture or by 
more or less slow rearrangement, we shall merely introduce con- 
fusion into our physical conceptions. What, to take a familar 
instance, is the unit of shear of ordinary sealing-wax ? Measured 
by the method employed by Mr. Moseley, it would be repre- 
sented by a considerable weight, which would not vary very 
much within the ordinary range of temperature in our rooms. 
His argument would apply at least as well to show that a glacier 
of sealing-wax at, say, 20° below its point of fusion could not 
descend from the mountains into the valleys, though it most 
certainly would do so far more rapidly than our ice-glaciers do. 

I must be allowed to remind Mr. Croll that the utmost 
amount of relative displacement of the particles of ice in a 
moving glacier amounts to a difference of the sixteenth part of a 
line in twenty-four hours between the motion of two points 
one inch apart. If any one will make careful observations to 
ascertain the pressure necessary to produce that amount of dis- 
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placement in glacier-ice, not in compact ice from our ponds, he 
will have ascertained a fact that is at least prima facie applicable 
to the consideration of the cause of glacier-motion; but as in 
the present state of our knowledge the observations of Mr. 
Moseley do not contribute in the slightest degree to determine 
the amount of that pressure, I must continue to deny the cogency 
of the argument derived from them. I shall presently endea- 
vour to show that the determination of the unknown force in 
question would by no means conclude the controversy, even 
though the resistance were much greater than the force of gra- 
vity acting on a given section of the glacier-mass; but I wish 
to make a further preliminary remark on this portion of the 
subject. 

Mr. Croll explicitly admits that Mr. Moseley’s argument is 
defective, inasmuch as he takes no account of the time during 
which a given pressure must be applied in order to shear ad- 
joining surfaces of ice ; and, in accordance with the views which 
he holds as to the molecular action of heat upon ice, he assumes 
that the reason why time enters as a condition into the pheno- 
menon is that it is necessary for the communication of heat, 
and enters as a condition merely so far as it determines the 
quantity of heat received. Reasoning on this basis, Mr. Croll 
argues that, inasmuch as in Canon Moseley’s experiments the re- 
sults obtained were due to pressure plus a certain small amount 
of heat, if they had been obtained with less pressure acting for 
a longer time, they would have been the result of a greater 
amount of heat combined with the pressure. The unit of shear 
determined by Canon Moseley is certainly not too large. Having 
concluded from these premises that the existing theory has been 
overthrown by Canon Moseley’s objections, Mr. Croll introduces 
his own very ingenious views as to the molecular effects of the 
propagation of heat through ice as affording the only possible 
explanation of the phenomena of glacier-motion. 

With the most sincere respect for Mr. Croll’s acuteness and 
the usual accuracy of his reasoning, I think that on this occa- 
sion there is an obvious begging of the question, in first assu- 
ming that his molecular hypothesis is alone capable of account- 
ing for the fact that the effect of pressure upon some bodies 
largely depends upon the time during which it acts, and then 
arguing from this fact to show that it is necessary to admit the 
truth of the hypothesis. There is a large class of bodies which 
are capable of changing their molecular condition and becom- 
ing fluid by the application of heat, but which are also capable 
of modifying their form, or undergoing changes in the relative 
positions of their particles at temperatures very much below 
their melting-point. Is Mr, Croll prepared to maintain that in 
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every such instance the motion is to be accounted for only by 
supposing conversion into the fluid form of the particles at the 
moment when they are changing their relative positions? Or if 
not, why should he imagine that a special hypothesis is neces- 
sary in regard to ice? So far as I know, the fact that ice will 
change its form under moderate pressure without fracture at a 
temperature notably below its melting-point was, for the first 
time, established by the experiment published by Mr. W. 
Mathews in the Number of ‘ Nature’ for the 24th of March 
last. Inascertaining that a thick plank of ice supported at both 
ends subsided about 14 inch in twenty-four hours, during a 
sharp frost, under the pressure of its own weight alone, Mr. 
Mathews did not disclose a fact which ought to excite surprise. 
So far from being anomalous, this property of ice is in full ac- 
cordance with what we know of the behaviour of other similar 
bodies. I am, however, at a loss to understand whether Mr. 
Croll maintains that the fact can be accounted for only by assu- 
ming that each molecule of the ice momentarily became fluid as 
it shifted its relative position so as to allow of the bending of the 
ice. If this occurs when the temperature is considerably below 
the freezing-point, the so-called molecular hypothesis cannot 
stop here. It must be extended to all bodies which are capable 
of changing their form under pressure without fracture at tem- 
peratures below that of liquefaction. If, on the other hand, 
Mr. Croll does not consider his hypothesis to be applicable to 
the case in question, I must ask why he holds it to be requisite 
in the case of a glacier, where the amount of relative disturbance 
of the particles is very much less than in the experiment of Mr. 
Mathews. 

I would especially beg Mr. Croll to consider the many 
grounds, both theoretical and experimental, on which we are 
led to hold that the temperature of the interior of great glaciers 
is very nearly, if not absolutely, constant, and how impossible it is 
to hold that their advance can be dependent on the passage 
through their mass of any sensible quantity of heat such as 
could-effect the molecular changes which he contemplates. 

If the molecular theory of Mr. Croll is no longer to be ap- 
plied specially to the conduct of ice under pressure, but is ex- 
tended generally to all, or most, plastic bodies that yield slowly 
to pressure, I shall merely say that it appears to me to lack an- 
tecedent probability, and to be at least premature. In spite of 
recent progress, our knowledge of the molecular constitution of 
matter is yet far too imperfect to enable us to reason with any 
confidence on the general question raised by Mr. Croll. Should 
he be induced to follow up the inquiry, it may in the hands of 
so acute a thinker lead to important results; but im the mean 
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time, so long as the phenomena exhibited by ice are strictly 
analogous to those offered by other substances of the same class, 
I shall not think that any special hypothesis is required for their 
explanation. 

In conclusion I venture to state the explanation of the cause 
of glacier-motion which appears to me to be best consistent with 
the facts, and which I am content to submit to those who are 
familiar with the phenomena, without entering into detailed ar- 
guments, already well-known to those who have attended to the 
subject, and which could not be fully set forth without infrin- 
ging unduly on the space accorded to me. 

In the first place, I must dwell for a moment on the fact, 
familiar yet constantly forgotten, that glacier-ice is a very differ- 
ent substance from the ice that is formed in winter on the sur- 
face of lakes and rivers. However slight the external indica- 
tions of the fact may be, it is a congeries of separate fragments 
more or less perfectly welded together, but not possessmg a 
uniform or common crystalline structure, and showing by the 
frequent presence of air-bubbles, and by its behaviour when ex- 
posed to radiant heat, an inferior degree of solidity. On this 
account I objected to Mr. Moseley’s experiments on shearing- 
force, because I held them to be inapplicable to glacier-ice; and 
I further hold that, if the most careful experimenter were to 
determine the shearing-force of a given square inch of glacier- 
ice, it would be unsafe to conclude that the resistance offered by 
an adjoining square inch, or a number of other equal sections of 
the glacier, would be found nearly equal. 

I further note, as an essential characteristic of the great 
glaciers whose onward motion is rapid, that they are traversed 
by fissures often of great width, and of depth great even rela- 
tively to the dimensions of the glacier. 

Finally, I consider it to be an established fact that all consider- 
able glaciers, even those of the second order when they lie below 
what is called the snow-line, have a fixed internal temperature 
of 32° Fahr., from which they never vary by more than a mi- 
nute fraction, and that the influence of the seasons, still more 
that of day and night, penetrates but a very moderate distance 
from their exterior surfaces. 

Glacier-ice is a substance which at the temperature of freezing 
is capable of yielding, very slowly, to moderate pressure. A 
portion of the motion of all glaciers, and the whole, or nearly 
the whole, of the motion of glaciers of the second order (that is 
to say, of those which lie on the slopes of mountains, but do not 
fill a definite trough or valley-channel) is due to this cause, and 
is effected independently of fracture and regelation (if the former 
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term is limited to disruption of a sensible or measurable amount*). 
In the larger glaciers, and especially those which lie in a deep 
trough and whose bed is very irregular, a new phenomenon 
comes into play. Glacier-ice, though imperfectly solidified, is 
yet rigid enough to transmit very considerable pressures ; but 
there is a limit at which pressure upon ice at 32° F. has the 
effect of reducing it to the liquid state. At any given moment 
of the progress of a great glacier, especially in summer, certain 
points are subjected to enormous pressure. A given square 
inch in the section of the glacier, instead of sustaining, as 
Mr. Moseley assumes, merely the pressure of a parallelopiped 
of equal section lying behind it, may at a given moment have 
to bear the pressure due to a mass a hundred or a thousand times 
as great in section. The effect may either be that fracture en- 
sues at that point, whereupon the pressure is transmitted to an- 
other adjoining point, and so further ; or else the pressure lique- 
fies a portion of the ice: the water, evenif it cannot escape, oc- 
cupies less space than it did before; so that the effect of trans- 
ferring the maximum pressure from one point to another is 
accomplished. It is this process that I ventured to compare to 
the progress of a huge snake, whose movements are effected not 
by simultaneous effort at every point, but by the transmission of 
muscular energy from one point to another; and many who 
have happened to traverse a great glacier when its motion was at 
the fastest, will admit that the words which I added, “ straining 
and groaning audibly ’”—will allow that these are scarcely figu- 
rative terms. 

Having failed to explain with sufficient clearness what I be- 
heve to be the nature of the process, I am not surprised that 
Mr, Croll fails to see that it is quite consistent with my views 
that a glacier should advance more rapidly in a sinuous and ir- 
regular channel than in one of uniform width and slope—because 
in the former case the irregular distribution of pressure more 
surely determines the yielding of the mass at one point, and 
thus leads to the transference of the maximum pressure through- 
out many successive points. 

The fact that a rise in external temperature causes a notable 
increase in the rate of advance of a glacier has been familiar to 
glacier-theorists since the earliest observations of the late Pro- 
fessor Forbes; but I fail to see that this militates in favour of 

* T have admitted that, in my opinion, molecular science is too little ad- 
vanced to allow us to give a peremptory negative to Mr. Croll’s hypothesis 
as to the passage of heat through ice. If the rein be given to conjecture, 

- I think it more reasonable to suppose that, in all bodies that change their 
form slowly under pressure, the actual process by which the particles 
change their relative positions is nearly akin to, if not identical with, that 
now well known as fracture and regelation. 
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‘the views of Mr. Croll, if he admits, as I think all must admit, 
that the temperature of the interior of the glacier is constant ; 
and especially when it is coupled with the other fact, that a gla- 
cier continues to advance in winter, even at times when, owing 
to the absence of a snow covering, the temperature of the su- 
perficial stratum is considerably below the freezing-point. 

Admitting that other causes, and especially the infiltration 
of surface-water, may have a small share in the result, I think 
the main point to be considered is this: the condition of the 
glacier is such that, if we consider the superficial stratum to be 
absolutely neutral—or, in other words, that the forces acting on it 
are such as to make it move exactly at the same rate as the next 
underlying portion—a certain not inconsiderable rate of motion 
is attained. In such a state of things let a change take place 
in the condition of the superficial stratum by which the forces 
that resist its onward movement are very much diminished ; it 
is obvious that by its weight and by the cohesion existing be- 
tween it and the remainder of the mass, this will tend to drag 
the lower portion forward. As far as we can judge of the nature 
of plastic bodies, it would appear that the resistance which they 
offer to change of form diminishes in a ratio far more rapid than 
the increase of pressure. Their molecular condition isina state 
of unstable equilibrium: at a given moment certain pressures 
are balanced by certain resistances; but a slight increment of 
pressure may overcome the resistance and cause change in the 
relative position of the particles. This, as I believe, is the true 
explanation of the effect of warm weather on advancing glaciers ; 
and the effect is aided by the fact that through open crevasses 
the heat often penetrates partially into the interior. Conversely, 
winter cold increases to a slight extent the resistance to the on- 
ward motion of a glacier, by making the superficial stratum 
rather less ready to yield than the interior of the glacier, so that 
the rate of advance is then reduced somewhat below what may be 
termed its normal velocity, namely that which it would obtain if 
the influence of the superficial stratum were absolutely removed. 

XIV. On the Chemical Composition and Microscopie Constitution 
of certain Cornish Rocks. By J. ARvHUR PHILurs, F.C.S., 
M. Inst. C.E., &c.* 

pee County of Cornwall forms a peninsula principally con- 
sisting of “ killas,” a name applied by Cornish miners 

to all sedimentary cleavable rocks. It is difficult to determine 
the geological age of these, further than that they belong to the 
paleeozoic era ; and it is believed, from the rare and imperfectly 

* Communicated by the Author. 
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preserved fossils which have been discovered, that the majority 
of them are of Devonian age. 

This extensive region of sedimentary rocks encloses five large 
and several smnaller masses of granite, which, without rising 
very prominently above the common level, protrude as “islands 
of granite out of a sea of slate” *. 

Both the slates and granites of this portion of Great Britain 
are traversed by numerous dykes of granitic and porphyritic 
rock called elvans, by occasional trap-dykes, by numerous copper 
and tin lodes, and by various cross-courses and flucans, the latter 
being fissures filled with clay. 

This formation is characteristic, not only of the whole of 
Cornwall, but also of a large portion of Devonshire. |Masses of 
serpentine occur in various localities in this district, particu- 
larly in the south-western portion of Cornwall, in the vicinity of 
the Lizard Point. 

Typical killas is a clay-slate, often of a grey, bluish-grey, or 
greenish-grey colour, aud frequently acquires a brownish-yellow 
or buff tint, from weathering: its colour, however, varies very 
considerably in different localities, besides which it is not unfre- 
quently stained by dendritic markings of oxide of iron and 
other minerals. It is usually exceedingly fissile, the planes of 
fracture being very commonly much contorted, and presenting 
smooth unctuous surfaces, not unlike those of faults or fissures 
called slickensides, and apparently produced by friction: killas is 
often more compact near its junction with the granite than else- 
where, and in such localities, without any well-defined line of 
demarcation, frequently encloses numerous subordinate layers of 
granular or semi-crystalline rocks. 

Professor John Phillips remarks, with regard to these depo- 
sits, “ The general impression concerning the schistose rocks of 
Cornwall is that their mimeral composition is a mixture of quartz, 
felspar, and mica, and so probably is that of most clays and 
shales”’+. He further observes, “ It is hazardous to reason on 
phenomena so remarkable as. those of Cornwall without refe- 
rence to other districts. Nothing but prejudice or indolence 
will permit geologists acquainted with other districts to neglect 
the singular and curious facts connected with the Devonshire 
and Cornish chain. We may freely admit that they in some 
cases point to agencies not yet familiar to our philosophy; that 
a full examination of the whole series of granites, porphyries, 

* A “Treatise on Ore Deposits,” by Bernhard Von Cotta, Professor of 
Geology in the Royal School of Mines, Freiberg. Translated from the 
second edition by Frederick Prime, jun., revised by the author, p. 403. 
+ Manual of Geology, Practical and Theoretical, by John Phillips, M.A., 

¥F.R.S., F.G.S., &e., p.. 117. 
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serpentines and killas, and of the disseminated and venigenous 
minerals in them, will kindle a brilliant light in the most secret 
laboratory of nature ; but one thing is wanting, an exact de- 
scription of all the characteristic facts observable in each particular 
case, without the adornments of theory or the disarray of new 
nomenclature ”’*. Since the foregoing was written (now fifteen 
years ago) but little has been done with the view of elucidating 
the composition and constitution of Cornish rocks}. It is 
therefore hoped that the following results of a series of careful 
analyses, and of numerous microscopical examinations, may be 
of some value as a small instalment of that mass of exact infor- 
mation so necessary to a more accurate knowledge of the petrology 
of one of our most important mining districts. 

The methods which have been employed in conducting the 
various analyses will be found fully described at the end of this 
paper; and with regard to the sections for microscopical exami- 
nation, it may be observed that they have been prepared in the 
usual way, but that the softer varieties of killas require exceed- 
ingly careful manipulation. In the case of the more fissile 
specimens, it was often found very difficult to obtain satisfac- 
tory sections at right angles to the cleavage-planes ; and even 
when procured, great care was required in mounting, to prevent 
their entire disintegration in the balsam employed for that pur- 
pose. Hach section was examined by the aid of two different 
arrangements of the instrument. The first, spoken of as “a 
low power,” magnified 60, and the second, mentioned as “a 
high power,” about 400 linear. The polariscope could be con- 
veniently used with both. Higher powers were sometimes, but 
not often, employed. 

Killas from Polgooth Mine, adit-level, sp. gv.=2°60.— This slate 
is very soft, has a decidedly clayey smell, and adheres slightly 
when applied to the tongue. Colour generally light grey, in 
places marked with a darker shade of the same tint, and occa- 
sionally slightly tinged with yellow. 

This rock was found, on analysis, to have the following com- 
position :— 

* Manual of Geology, ante cit., p. 512. 
+ A valuable paper relating to the constitution of the Cornish granites 

has been publisked by the Rev. Samuel Haughton, F.R.S., of Trinity Col- 
lege, Dublin, entitled “‘ Notes of a Comparison of the Granites of Cornwall 
and Devon with those of Leinster and Mourne,” Proceedings of the Royal 
Society, 1868-69, p. 209. [ Phil. Mag. April, 1869, p. 306.1] 
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I. II. 
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Thin sections of this slate, when examined by transmitted 
light under a low power, exhibit no decided evidence of struc- 
ture, but appear as a milky-white mass in which are dissemi- 
nated numerous moss-like semi-crystalline markings of a brown- 
ish-green colour. ‘They are also observed to be traversed by 
various fissures, which have become filled by crystalline transpa- 
rent quartz. When examined by the aid of a high power, this — 
rock is found to be composed of an aggregate of minute granules 
intimately blended together and without definite outlines. There 
are also some grains of oxide of iron and other dark markings 
not sufficiently opaque for this substance; some of these are ap- 
parently fragments of hornblende, whilst others are probably 
patches of a chloritic mineral. 

This slate has in fact undergone so great a change, that the 
individual grains, of which it was originally composed, can only 
be made out by means of the polariscope. When the prisms are 
crossed, the mass breaks up into a kind of shadowy mosaic of 
light and dark or variously coloured patches without definite 
outlines. 

Kallas from Polgooth Mine, eighty-fathom level. Sp. gr. =2°74. 
—This specimen is much harder than that from the adit-level, 
and is of a grey colour, strongly marked with reddish brown. 
Its analysis gave the following results :— 

* Of which 1°00 was lost in the water-bath. 
+ The amount of titanic acid in these rocks being exceedingly small, it 

Was determined by weighing the total quantity obtamed from both ana- 
lyses. This having been divided by two, accounts for the exact accord- 
ance of the figures in the two columns of results. 
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I. Il. 
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When microscopically examined, this rock does not differ ma- 

terially from that obtained nearer the surface, excepting that the 
grains of oxide of iron are larger but less numerous, and that it 
contains fewer of what appear to be broken crystals of a horn- 
blendic mineral. The granular fragments of which it is composed 
are also larger and more distinct than in the former case; and on 
examination of transverse sections it becomes evident that, in the 
majority of instances, their larger surfaces are nearly parallel 
with the planes of cleavage of the slate+. The chloritic mineral, 
mentioned as occurring in killas from the adit-level, is also very 
abundant ; and about the margin of many of the patches of this 
substance peculiar markings are observed. These, which may 
perhaps be the result of forces producing cleavage, will be more 
fully noticed when describing the appearance of sections of clay- 
slate from Polmear Mine. 

Killas from Polgooth Mine, one-hundred-fathom level. Sp. gr. 
=2°73.—The killas at this depth is of a greenish-grey colour, 
slightly streaked and spotted with yellow, and is rather harder 
than that found at shallower levels. Its chemical composition 
was found to be as follows :— 

L ay 
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Titanic acid. . . . trace trace 
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Ferric oxide . . . 13°44 13°39 
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* Of which °66 was lost in the water-bath. . 
+ This was observed to be the case in all the specimens of clay-slate 

which were examined. { Of which 2°00 was lost in the water-bath. 
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Sections prepared from specimens of rock taken from this 
depth very closely resemble those from the eighty-fathom level ; 
no fragments of hornblendic crystals, however, were observed, 
and chloritic patches were less abundant. 

Killas from Polmear Mine, forty fathoms below surface. Sp. gr. 
=2°68.—This specimen of clay-slate is much contorted, and 
readily divides into curved laminz with glossy surfaces, on which 
were numerous wavy lines resembling minute ripple-marks. Its 
colour is a medium shade of grey, in places slightly marked with 
yellow. Its composition, as found by analysis, is as follows :— 

I : : II 

Water® . < Ge. <. 666 6°50 
SiliGa: eigen ges AOS 49-20 
Titanic acid. . . . trace trace 
Alumina: sochy 4.62: 52018308 18:00 
Ferric oxide . . . 12°63 12°73 
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Ferric persulphide . 80 "82 
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Sections prepared from this rock do not differ materially from 
those obtained from the Polgooth specimens. The ultimate 
fragments of which it is composed are exceedingly minute; but 
granules of quartz of an appreciable size, and affording colours 
with polarized light, are disseminated throughout the fine-grained 
matrix. <A greenish tint is also imparted to it by chlorite; and 
it is minutely divided by a system of markings made up of pairs of 
nearly parallel lines, each about ;,'59 of an inch in length and 
goo Of an inch apart. These cross each other so thickly as to 
form a kind of close network, and give no colours by polarized 
litgh: they were at first taken for amorphozoa; but my friend 
Mr. R. Etheridge, who has kindly examined them for me, is of 
opinion that they are “certainly not organic.” 

Slate from ‘‘Sanctuaries” near St. Austell. Sp. gr. = 2°52.— 
This, in common with many other Cornish slates lying above the 
natural drainage-level of the country, is very light in colour, the 
prevailing tints being light grey and buff, and bears the appear- 
ance of weathering. It adheres strongly to the tongue, has a 
decidedly clayey smell when freshly broken, and divides with 
difficulty into laminz, of which the surfaces are entirely without 
polish. Its specific gravity is low ; and it is divided by headings 
variously coloured, apparently by infiltration of water containing 
oxide of iron. 

* Of which °93 was lost in the water-bath. 
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For the purpose of analysis, fragments of a pure grey colour, 
as far as possible free from stains of iron, were chosen. The fol- 
lowing results were obtained :— 

I Il. 
Water* . . - 616 6°16 
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No sections of this rock were made. 
Killas from Dolcoath Minet, two-hundred-and-fifteen-fathom 

level. Sp. gr. =2°71.—This celebrated mine, which is situated 
near the town of Camborne, is worked in killas at a short dis- 
tance from its junction with the granite. It yields ores of both 
tin and copper. 

The specimen of rock, from which a portion was broken for 
analysis, is exceedingly hard, and the cleavage imperfect, the 
prevailing colour being dark grey. When freshly broken the 
surfaces of fracture exhibit numerous minute, but brilliant, in- 
distinct crystals, probably of some hornblendic mineral. Its 
composition was found to be as follows :— 

I. II. 
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When examined by the aid of a low power, sections of this 
* Of which °35 was lost in the water-bath. 
+ I am: indebted to the kindness of Mr. W. J. Henwood, F.R.S., for 

procuring various specimens of rock from Doleoath, Botallack, and Dela- 
bole. He obtained the first through Mr. Josiah Thomas, Manager of the 
mine; the second were supplied by Mr. Stephen Harvey James, and those 
from Delabole by Mr. J. Hockaday, Director of the works. 

t Of which ‘48 was lost in the water-bath. 



94 Mr. J. A. Phillips on the Chemical Composition and 

rock are seen to be chiefly made up of an aggregation of trans- 
parent angular particles, giving colours with polarized lght; 
disseminated throughout the mass are numerous shades and 
patches of a greenish colour, which are probably due to chlorite. 
Under a high power they are found to contain many black grains 
of magnetite and titaniferous iron, together with fan-like aggre- 
gations of transparent acicular crystals, which often diverge 
from a particle of oxide of iron as a centre. 

Besides these radiated combinations, there are other appa- 
rently similar crystals, which cross each other in all directions ; 
these, as well as the former, aré probably either hornblende or 
schorl. There are also some broken and rounded fragments of 
mica and of a semi-translucent mineral, which is not sufficiently 
opaque for oxide of iron; these’last are mechanically embedded 
in the slate. va Ss Reig ies 
Killas from Botailack, Penzance, surface near lode. Sp.gr.=2°95. 

—This rock, which is of a dark greenish-grey colour, sometimes 
contains minute crystals of iron pyrites, and is very hard; its 
cleavage has been to a great extent obliterated by metamorphism }; 
but it usually divides, when broken, into roughly tabular masses, 
of which the planes approximate to those of original cleavage. 
For analysis, a specimen was chosen free from crystals of pyrites 
and from ferruginous stains. The following were the results 
obtained :— | 

I, lI, 
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The low power ordinarily employed shows this rock to be 
composed of an apparently amorphous base, often of a green 
colour, probably due to chlorite, in which no distinct grains are 
distinguishable; in this are porphyritically enclosed numerous 
elongated transparent crystals and crystalline patches, the latter 
being frequently fringed at the edges by a growth of acicular 

* Of which *39 was lost in the water-bath. 
tT Only one estimation of phosphorie acid was made. 
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crystals, which give brilliant colours with polarized light. Under 
a high power the ultimate fragments, of which the slate is com- 
posed, are still very indistinct, but some long slender crystals, 
probably apatite, are distinctly seen; there are also some minute 
crystals of an apparently triclinic mineral, which may be axinite. 

Rock from Botallack, one hundred and thirty fathoms deep. Sp. 
er, = 2°82.—This specimen, which was sent under the name of 
* killas,”’ has lost all traces of cleavage, and has a cross fracture 
with polished surfaces resembling those so common in many varie- 
ties of serpentinous rock*. It has a very dark green colour, 
with slight traces of a lighter shade of the same tint ; and in places 
minute crystals of pyrites are seen by the aid of a lens. The 
fragments chosen for analysis were apparently free from these 
crystals, and afforded the following results :— 

L De II. 
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In this rock, which slightly attracts the magnetic needle, 
erains of oxide of iron are more numerous than in specimens 
obtained nearer the surface; the fragments of which it is com- 
posed are also larger and more clearly defined. It contains but 
few long crystals of the kind found in sections procured from 
the surface rock, but is traversed by minute veins of quartz 
im which transparent acicular crystals, probably of some horn- 
blendic mineral, are observed. It will be remarked that both the 
specimens of so-called killas from this mine contain a large 
amount of magnesia, which is all but entirely wanting in the 
clay-slates from the neighbourhood of St. Austell. In fact, from 
its physical constitution, as well as from its chemical compo- 
sition, the rock from the deeper level may be regarded as an 
impure serpentine. 

Roofing-slate, Delabole. Sp. gr.=2°81.—The quarries of De- 
labole are situated near the town of Camelford, and yield large 

* From some of these polished surfaces thin plates of calcite were 
detached. 
t Of which 4°12 was lost in the water-bath. 

._ 
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quantities of slates and slabs of good quality, which are exten- 
sively used by builders in the west of England. 

The roofing-slates of best quality cleave very readily into thin 
lamine, and are of a grey colour, thickly speckled with a lighter 
shade of the same. The second-quality slates have a greenish 
tint, and are spotted with a lighter shade of the same colour ; 
some of the seams are uncleavable, and rendered utterly worth- 
less for roofing-purposes by being much twisted and interfoliated 
with small lenticular deposits of quartz. Some of the surfaces, 
and particularly those indicating the planes of bedding, are co- 
vered by a thin crystalline film of calcite. 
A specimen of “best roofing-slate”’ afforded by analysis the 

following percentage results :— 
iG II. 

WtCE evel te be oe Par, 4°60 
Silica. «> felis » VOCD | Saeuee 
Pitamic. acid fant: 4 eo "23 
Phosphoric acid . . trace trace 
AlMINa gente oo Le 22:04 
Permic oxide. Yeu. 7°10 6°96 
Ferrous oxide . . . 2°57 2°57 
Dime. 2 ON AO 39 
Maemesta  y awint- 2.109 1:10 
POUASSA <  s Gekere wy ee gee 2°45 
pedat. . bs Sate. Oe 1:23 

99:53. . 99:92 
This slate, under a low power,- does not show any distinct 

structure, but is seen to be thickly dotted with dark spots. 
When examined by the help of a high power its structure still 
remains indistinct, but numerous clusters, about >,%;5 of an inch 
in diameter, of reddish-brown crystals become distinctly apparent. 
They are generally opaque; but some of them, which have been 
ground very thin during the preparation of the sections, appear 
to result from the aggregation of several hexagonal plates: these 
crystals are probably micaceous iront. 

In addition to the crystalline nodules above referred to, the 
matrix of this slate is traversed in all directions, but chiefly lying 
in planes parallel with the cleavage, by long transparent crystals 

* Of which ‘35 was lost in the water-bath. 
+ Having been unable to arrive at a satisfactory conclusion with regard 

to the exact nature of the dark crystalline bodies occurring in this rock, I 
forwarded a section to Mr. H. C. Sorby, F.R.S., with a request that he 
would be kind enough to examine it. After having done so, he writes as 
follows :—‘‘ The dark crystals in the slate from Delabole are similar to what 
I have seen in many others. As far as I can make out, they are imperfect 
hexagonal plates; and since the general character clearly shows that they 
must at all events contain much iron, it seems very probable that they may 
be more or less altered specular iron. This, of course, would well agree with 
the fact of its containing titanic acid.” 
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which are brilliantly coloured by polarized light. Like the brown 
crystals, occurring in groups, these are not mechanically em- 
bedded, but have been formed zn situ since the deposition of the 
clayey matter of which the rock is mainly composed. 

Diorite, * Sanctuaries,” St. Mewan. Sp. gr. =2°97.—On the 
map of Cornwall, prepared by the Officers of the Government 
Geological Survey, a dyke of “ greenstone ”’ is laid down as cour- 
sing in a north-easterly direction from the farm of Quoit to a 
point about a quarter of a mile north of the turnpike-road from 
Truro to St. Austell, where it expands into a large mass at the 
summit of the hill; thence it extends, in diminished proportions, 
in a south-easterly direction to the sea at Duporth. This rock, 
which is of a dark green colour verging on black, is exceedingly 
hard and tough, and is extensively worked, at the point of its 
greatest expansion, as a material for making roads. The quarry 
from which this stone is obtained adjoins the “ sanctuary fields ”” 
belonging to the glebe of the parish of St. Mewan, and has long 
afforded a road-material of such remarkable excellence that it is 
carted to considerable distances to be employed for that purpose. 

In the quarry above referred to, this rock is distinctly crystal- 
line, frequently encloses patches of iron pyrites, and attracts the 
magnetic needle. In some smaller openings which have been 
made upon it on its south-eastern extension, its crystalline cha- 
racter has to a considerable extent disappeared, and pyrites has 
been replaced by oxide of iron. Fragments of rock free from 
pyrites were chosen for analysis ; and three separate analyses were 
made, with the following results* :— 

Li V6 III. 

Wier SOR es 2 2 Bd 81 ‘76 
See e eel PO 4766 47°33 47:70. 
Vitanie acid’. . . .. trace trace trace 
Phesphoricacid .*. ‘16 18 trace 
momar. jets 42% e V7°50 17°15 16°83 
Werric oxide®.- 6 3. 1252 13°18 13°42 

Ferrous oxide .. . . 9°42 9:42 9:07 
Oxideof manganese . .. 2 trace 
pee phire iis! 24ris 4 ain trace trace trace 
Mie 4 Ses Shea) Re 420 4°03 4°10 
Mlaomeia) er icrier lene straece trace trace 
Eig baie Oe Ne oh 2°33 2°15 
ears. was shoes) pm and; LD 5°27 5°88 

ed 

sey s9-70 go oe 

* Analyses I. and II. were made on the same fragment of rock; No. III. 
on a different one. 
+ Of which °33 was lost in the water-bath. 

Phil, Mag. 8.4, Vol. 41. No. 271, Feb, 1871. H 
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Thin sections, when examined under the microscope, exhibit 
unmistakable evidence of extensive alteration. The felspar does 
not generally present any distinctive characteristics, although in 
a few instances the parallel striping peculiar to triclinic varieties 
was observed. In addition to felspar this rock contains numerous 
semi-transparent yellowish-brown crystals, probably hornblende ; 
there is also a green mineral which has a fibrous structure, show- 
ing colours with polarized light; this is believed to be a variety 
of hornblende. _ 
Many black grains of oxide of iron, and some well-defined 

hexagonal crystals (which, as phosphoric acid has been shown to 
be present, are in all probability apatite), are disseminated 
throughout the mass; there is likewise an abundance of a green- 
ish chloritic mineral, which is doubtless a secondary product. 
Mr. Samuel Allport, F.G.S., an acknowledged authority on the 
microscopic structure of rocks, to whom I submitted a section, 
agrees in the opinion that this is probably a diorite that has un- 
dergone much alteration. 

Those portions of the eruptive dyke which are in close proxi- 
mity to, or come into direct contact with, the enclosing slaty rock 
not unfrequently exhibit a quasi-schistose structure. Sections 
made from specimens of this description were found to have lost 
all traces of crystalline arrangement, and to consist of an amor- 
phous felspathic base, in which a greenish chloritic mineral is 
disposed in parallel bands. Some of the sections which have 
been prepared from this variety of the rock are traversed by mi- 
nute veins of crystalline quartz enclosing numerous well-defined 
crystals of hornblende; and it was observed that the chloritic 
bands were frequently bent at their point of intersection with 
the veins of quartz. 

“Greenstone,” Blowing-House Hill, St. Austell. Sp. gr.=2'89. 
—Some twenty years since, a quarry was worked for road-mate- 
rial immediately below the old schoolroom on Blowing-House 
Mill, St. Austell. The general appearance of the stone obtained 
from this locality is very similar to that of the rock from the 
“Sanctuaries,” excepting that it has a somewhat duller aspect, 
and is divided by a series of oblique cross headings which impart 
to it a tendency to divide into rhomboidal masses. It is also less 
decidedly crystalline than the rock previously described; and 
although in no degree fissile, it nevertheless exhibits’ a grain re- 
sembling that of some varieties of metamorphosed schist. The 
following results were obtained by analysis :— 
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etena  g sar, « 100 1:00 
Be i a, os ae AOS 47°33 
mane agi ..-« . , . trace trace 
Phosphoric acid . . . . trace trace 
UN ee AG LS 16°86 
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100°42 99°76 

It will be observed that the chemical composition of this rock 
is almost identical with that of the diorite extending from Quoit 
farm to Duporth, with the exception of its containing an appre- 
ciable amount of oxide of manganese, and that the percentage of 
soda is only about one half of that found in the former case. 

Under the microscope it is seen to consist of a compact fel- 
spathic matrix, enclosing a few indistinct crystals of felspar, 
together with large quantities of the greenish chloritic mineral 
referred to in the description of a diorite from St. Mewan. This 
last is arranged in approximately parallel bands and patches, 
many of the latter having the appearance of partially decom- 
posed crystals of hornblende ; the central portion of these retain 
to a certain extent their original structure and colour, whilst the 
edges have become transformed into chlorite, or some nearly 
allied mineral. 

This rock, which also contains many black grains of oxide of 
iron, and a few hexagonal crystals, which are perhaps apatite, 
may be either a metamorphosed slate, or a diorite which has be- 
come much changed by the effects of a gradual re-arrangement 
of its constituents. I however incline to the opinion that it is 
an altered clay-slate. 

Serpentimous rock, Menheniot. Sp. gr. = 277A cutting of 
the Cornwall railway intersects, at the Menheniot station, a wide 
band of a dark green rock which is there extensively quarried 
for road-making. Its total width may be taken at about fifty 
yards ; but it is more or less intermixed with the enclosing clay- 
slate, from which it is separated by no well-defined walls or lines 
of demarcation, since the two gradually merge into each other ; 
and beds of unaltered slate are found interstratified with the 
serpentinous greenstone. Its general structure is decidedly 

* Of which °33 was lost in the water-bath. 
H 2 
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schistose ; and it exhibits numerous resinous headings, of the kind 
which is so characteristic of rocks of this class. Many of these 
are coated by asbestus, whilst in some of the fissures, and par- 
ticularly in the cross headings, crystalline calcite is of frequent 
occurrence. Saponite is also present in the form of reniform 
concretions, which are most frequently found in a clay, appa- 
rently resulting from the decomposition of the principal rock. 
This stone slightly affects the magnet, is only moderately hard, 
and when recently broken is of a dark green colour with a some- 
what crystalline fracture. Its chemical composition was found 
to be as follows :— 

I. Il. 

Water® «Wig. . 10:66 10°46 
Siltea sees... 38:60 38°80 
Pitamie send wins scx 6 trace trace 
Phosphoric acid . . trace trace 
Akomina Sti. 2 <a lao 17:60 
Ferric oxide . . . 14°98 15:10 
Ferrous oxide . . . 4°62 4:50 
Chromic oxide (Cr? 0%)+ = +14 "14 
Oxide of manganese . trace trace 
ama ene) kate A 4:92 
Moaenesiay | so soonest Oe 6:04 
Potassa) go. 2 acs ee trae trace 
Soda..0k 24s cate: Ces ge oa °85 

98°43 98°41 

The microscope shows this to be a highly metamorphosed rock, 
consisting of an amorphous matrix porphyritically enclosing yel- 
lowish-brown or green patches with indistinct crystalline forms, 
which are evidently pseudomorphs. ‘There are also many black 
grains of magnetite,.and crystals of some pyroxenic mineral— 
probably schiller-spar or diallage. 

This appears to afford an illustration of the gradual produc- 
tion of serpentine, by the absorption of magnesia &c., by strati- 
fied and other rocks ; in the same way the analyses of the two 
specimens of killas from Botallack would seem to indicate that 
some of the clay-slates in that district may have become to a 
certain extent affected by a serpentinous metamorphism f. 

* Of which 2°17 was lost in the water-bath. 
Tt Only one estimation made. 
{ As an instance of the comparatively recent production of a magnesian 

mineral by the agency of water, it may be mentioned that at the mining 
town of Washington, California, some of the pebbles of an ancient river- 
bed of post-tertiary age have become embedded in asbestus, in the form of 
long, easily separable crystals. This is probably the result of metamorphic 
action on a plastic clay in which the boulders were originally enclosed, and 
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Serpentine, Lizard. Sp. gr. = 2:59.—The specimen selected 
for analysis was broken from a slab prepared for decorative pur- 
poses, and is of a very dark green colour, in places verging on 
black; it is thickly spotted with red, and has a coarsely granular 
structure. This serpentine is massive, without any indication of 
foliation, and encloses imperfectly defined crystals presenting 
brilliant surfaces when broken through. 

Its chemical composition was found to be as follows :— 
I. Il. 

Bateman asia 5 e #15752 15°52 
SMG ee ile\ii Teas ces OO 38°58 
IMIS eee 9D 3°06 
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HWermra@usvoxide . .°° 3. «5 D04 5°10 
Oxide of manganese . . trace trace 
Oxideof nickel (NiO) . . °28 30 
Chromic oxide (Cr? 0?) 08 08 
Ronmen re at's SS ee ey ‘trace trace 
Nemesia 02 Pw BLOT 34°32 
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The microscope shows this rock to consist of a cryptocrystal- 
line base, spotted by oxide of iron &c., and enclosing indistinct 
green or yellowish-brown crystalline forms—pseudomorphs after 
pyroxene? These crystals give irregular colours with polarized 
light. 
EO ahéiclie, Roche. Sp. gr. = 2°55.—On the right-hand side 

of the road leading from St. Austell to the village of Roche, and 
at a distance of a mile from the latter place, a deposit of yellow- 
ish-white crystalline felspar is quarried in the bottom of a shallow 
ravine. 

The area over which this mineral extends has not been accu- 
rately determined ; but it has been worked, on the course of the 
hollow, by means of shallow pits, for a length of about one hun- 
dred yards, and to a width of some sixty feet. It is enclosed in 
granite containing considerable quantities of schorl, and is tra- 

which in other portions of the same deposit remams unchanged, with the 
exception of having become hardened into a kind of stone. 

This asbestus, which is found for a distance of several yards on either 
side of a band of schistose serpentine crossing the valley nearly at right 
angles, has evidently been produced in situ, and encloses pepitas of water- 
worn gold, together with fragments of wood, which are still readily cut 
with a knife. I visited this locality, and carefully examined the conglo- 
merate in question, during the fall ofthe year 1866, 

* Of which 2°06 was lost in the water-bath. 
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versed in all directions by veins of milky quartz, some of which 
afford good specimens of tourmaline and of well-crystallized 
cassiterite, which is usually associated with the former; crystals 
of tourmaline are found in the felspar, as well as in the veins of 
quartz by which it is intersected. : 

These workings are locally known as the “ Glass Mine ;” and 
the felspar, after being separated from quartz and fragments 
stained by oxide of iron, by careful hand-picking, is shipped for 
use in the manufacture of certain descriptions of pottery. 

Professor W. H. Miller, F.R.S., of Cambridge, who kindly 
made for me a crystallographic examination of this mineral, 
found it difficult to obtain very accurate measurements, on ac- 
count of the imperfection of the faces, but pronounced it to be a 
monoclinic felspar. 

Its chemical composition was found to be as follows :— 
Oxygen ratio 

E. I. mis ae 

Water* . « « 783 °50 
Sirens, 7-84 165°00 65:33 34°84: 
Alumina . . . 19°00 19°16 9°10 
Ferric oxide . . °5O -50 “15 
Iume Sogn aeo7 1:68 “A8 
Mapnesia®. < .) trace trace 
Polassd 2 FF 10°87 10°37 1:76 
Doda Sigh ee pea 2°40 62 

99°67 99-94: 

From the above ratio we obtain the following :— 
Silas Oe hee eM O28 
Sesquioxides. . . 3°19 
Protokides 5; 63 oy? 100 

This is manifestly in the proportion of 1:3: 12; and the fel- 
spar is consequently orthoclase. 

In making the foregoing analyses the following general rou- 
tine was adopted. 

The amount of moisture present was ascertained by heating a 
weighed quantity of the finely pulverized rock in a water-bath 
until it ceased to lose weight. Another weighed portion was 
moderately ignited, in a platinum crucible, in one of Griffin’s 
gas-furnaces, and the loss of weight noted. 

About thirty grains, more or less, of the finely powdered rock 
was intimately mixed, in a platinum crucible, with from five to 
six times its weight of pure carbonate of sodium, and fused at a 
high temperature in a gas-furnace. 

* Of which ‘33 was lost in the water-bath. 
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The fused mixture was treated with dilute hydrochloric acid 
and subsequently evaporated to dryness. The dried residuum 
was then moistened with hydrochloric acid, water added, and 
solution of the chlorides assisted by the application of heat. 
Silica (a), now separated by filtration, was washed, dried, and 
ignited. 

After adding a few drops of nitric acid to the filtrate from 
silica, for the purpose of ensuring the peroxidation of all the iron, 
it was evaporated to dryness, treated with dilute hydrochloric 
acid, and filtered, thus separating a small additional quantity of 
silica (b). 

The filtrate from the second evaporation, after separation of 
silica 6, was rendered nearly neutral by ammonia, and acetate of 
sodium added. The solution was then briskly boiled, and the 
precipitated basic acetates of iron and aluminium were collected 
and washed. This precipitate was dissolved in hydrochloric 
acid, a few drops of nitric acid added, and, after cooling, re-preci- 
pitated by ammonia, washed, dried, ignited, and weighed. After 
weighing, this was dissolved in hydrochloric acid, and a third 
small portion of silica (c) obtained by filtration. 

The iron in the filtrate from silica ¢ was reduced to the state 
of ferrous oxide by the introduction of weighed pieces of metallic 
zinc; and after making due allowance for the amount of that 
metal contained in the zine added, the quantity of iron present 
was ascertained by Penny’s process. This, after being trans- 
formed by calculation into ferric oxide, was subtracted from the 
united weight of ferric oxide and alumina before found (less 
silica c), the difference in weight being regarded as alumina*, 

* When phosphoric acid was found in a rock, the amount of that sub- 
stance as well as that of ferric oxide, indicated by volumetric estimation, 
was deducted from the united weights of ferric oxide and alumina, as deter- 
mined by the balance, and the difference was regarded as alumina. 

For the sake of checking the accuracy of the results obtained in estima- 
ting alumina by difference, the ferric oxide and alumina were in several in- 
stances redissolved in hydrochloric acid, and the solution treated with an 
excess of pure hydrate of sodium in a platinum dish, and, after boiling, the 
ferric oxide was separated by filtration. The ferric oxide was then re- 
dissolved, precipitated by ammonia, washed, dried, and weighed. 

The filtrate containing alumina, in solution in caustic soda, was afterwards 
acidified with hydrochloric acid, chlorate of potassium was added to de- 
stroy organic matter, the solution boiled, and the alumina precipitated by 
ammonia and carbonate ofammonium, washed, dried, and weighed. 

In all cases, however, it was found necessary to re-dissolve the oxide of 
iron twice, and to treat the solution each time with hydrate of sodium in order 
to obtain satisfactory results. Even when this was done, the quantity of 
ferric oxide found was invariably slightly in excess of that indicated by vo- 
lumetric analysis ; and although this difference seldom exceeded two-tenths 
of one per cent., the volumetric process was finally adopted, as being both 
more accurate and more expeditious. 
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In order to determine the respective amounts of ferrous and 
ferric oxides present, separate fusions were made, in a covered 
platinum crucible, of weighed quantities of pulverized rock mixed 
with six times their weight of carbonate of sodium, the surface 
of the mixture being covered by a thick layer of pure carbonate 
of sodium. 

The contents of the crucible were thus both fused and allowed 
to cool in an atmosphere of carbonic acid, produced by the de- 
composition of the alkaline carbonate by silica and silicates, 
besides being preserved from oxidation by a fused covering of 
carbonate of sodium. 

The crucible and its contents were now introduced into a 
beaker containing hot dilute hydrochloric acid which had been 
previously boiled, and the whole covered by a glass plate. As 
soon as bubbles of carbonic acid had ceased to be evolved the 
solution was allowed to cool, and the amount of ferrous oxide 
estimated by a standardized solution of bichromate of potassium. 

The ferrous oxide thus found was subsequently converted by 
calculation into Fe? O%, and deducted from the total amount of 
iron estimated as ferric oxide. 

The lime was obtained from the filtrate from the precipitate 
by acetate of sodium, by the addition of ammonia and oxalate of 
ammonium, and was weighed as carbonate of calcium. To the 
filtrate from the calcium salt, phosphate of sodium was added for 
the precipitation of magnesia as pyrophosphate of magnesium. 
Titanic acid was estimated by the process recommended by 
Riley*, which was conducted as follows. 3 

The silica (a, 6, and c) from both analyses was attacked in a 
platinum dish by hydrofluoric acid, and sulphuric acid added, 
evaporated to dryness, and ignited. In this way a residue was 
obtained, which was fused with bisulphate of potassium and dis- 
solved in cold water; the liquid after complete solution was 
boiled; on boiling briskly for some time a precipitate was formed, 
which was separated by filtration, washed, dried, and ignited. 
This precipitate gave the characteristic reactions of titanic acid, 
and was deducted from the total weight of silica previously de- 
termined. The quantity of titanic acid in these rocks is so ex- 
ceedingly small, that it was found no appreciable quantity could 
be obtained by re-solution of the iron, separated from alumina by 
caustic potassa, boiling with sulphite of sodium, &c., as recom- 
mended by Riley. Care was therefore taken to evaporate twice 
to dryness from silica; and any traces of titanic acid that might 
be retained by the iron (after separation of silica c) were, ex- 
cepting in the analyses of slate from Delabole, neglected. 

It having been found that the whole of the phosphoric acid 
* Quarterly Journal of the Chemical Society, vol. xii. p. 13, 
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present in these rocks was soluble when the finely divided sub- 
stance was digested with nitric acid, the following process was 
adopted for its estimation. 

About 100 grains of the finely pulverized rock was attacked 
by nitric acid in a platinum dish, and evaporated nearly to dry- 
ness to remove the excess of acid. ‘The insoluble matters were 
removed by filtration, and the filtrate reduced to a very small 
bulk by evaporation; molybdate of ammonium was then added 
and the beaker, carefully covered, set aside in a warm place 
for twenty-four hours to allow of the formation of a precipi- 
tate. 
The precipitate (when one was obtained) was thrown on a filter 
and washed with cold water, to which had been added molybdate 
of ammonium and a little nitric acid. 

Strong ammonia was now poured on the filter, and the filtrate 
evaporated to dryness in order to render insoluble any silica 
which, at the same time as the yellow precipitate, might have 
been dissolved by ammonia. The residue was then taken up by 
hydrochloric acid, insoluble matter separated by filtration, and 
ammonia and magnesium mixture added. After being set aside 
for twelve hours to allow of the formation of the magnesium-salt, 
the clear liquor was drawn off by a pipette, the precipitate re-dis- 
solved by a few drops of hydrochloric acid, and re-precipitated 
by the addition of ammonia. ‘This precipitate was washed, 
dried, ignited, and weighed as pyrophosphate of magnesium, 
from the weight of which the amount of phosphoric acid was cale 
culated. 

When the rock under examination was found to contain an 
appreciable amount of manganese or (as im the case of the ser- 
pentine) oxide of nickel, the general routine of analysis required 
the following modification. 

The filtrate from silica was neutralized by ammonia, chloride 
of ammonium added, and finally sulphide of ammonium. The 
precipitate thus produced was dissolved in hydrochloric acid to 
which a few drops of nitric acid had been added, evaporated to 
dryness for the purpose of separating traces of silica, and re-solu- 
tion effected in hydrochloric acid. This, after filtration, was 
treated by carbonate of barium, by which oxide of iron and alu- 
mina were precipitated* ; these were subsequently estimated in 
the usual way. | 

* In order to remove any sulphuric acid resulting from the action of ni- 
trohydrochloric acid on the sulphides, a few drops of chloride of barium 
were added to the filtrate before the addition of carbonate of barium. In 
the event of a trace of alumina having escaped precipitation by carbonate 
of barium, it is readily separated from oxide of manganese or oxide of 
nickel by digestion in an excess of hydrate of potassium or hydrate of 
sodium, 
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The oxide of manganese, or oxide of nickel, was obtained from 
the filtrate from oxide of iron and alumina and excess of car- 
bonate of barium, after the removal of baryta in the form of sul- 
phate of barium. | 

Oxide of chromium was estimated by fusing in a platinum cru- 
cible about 100 grains of pulverized rock with four times its — 
weight of carbonate of sodium, and half that quantity of nitrate 
of potassium. 

The fused mass was then treated by boiling water, a certain 
amount of alcohol added, and the whole heated gently for several 
hours. The insoluble matter was subsequently separated by 
filtration, acetic acid in excess added to the filtrate, and the 
chromium precipitated as chromate of lead by the addition of a 
solution of the acetate of that metal. 

The estimation of sulphur was effected by attacking a weighed 
portion of the pulverized rock with nitrohydrochloric acid and, 
after removing the insoluble matter by filtration, precipitating 
the sulphuric acid as sulphate of barium; from the weight of 
this the amount of sulphur originally present was calculated. 

In the earlier analyses the alkalies were estimated by fusion 
with baryta in the usual way; but after having made several 
estimations of potassa and soda in the same rock by the two pro- - 
cesses, the following was ultimately adopted as being more ex- 
peditious and at the same time equally accurate. 

A convenient weight (from 30 to 85 grains) of the finely pow- 
dered rock was thoroughly attacked in a platinum dish by strong 
hydrofluoric acid, and, after the addition of sulphuric acid, evapo- 
rated to dryness and ignited over a gas-flame; the residue was 
now treated with distilled water which was well boiled, taking 
care to break down all lumps by means of a glass rod. 

The whole was transferred without filtration to a large beaker, 
and excess of ammonia and carbonate of ammonium added. 

After the separation by filtration of insoluble matter, and of 
the precipitate by ammonia and carbonate of ammonium, the fil- 
trate was evaporated to dryness and the ammoniacal salts expelled 
by ignition. The residue was treated with sulphuric acid, and 
again evaporated to dryness and ignited to drive off excess of 
sulphuric acid, dissolved in water, baryta-water added in excess, 
and filtered. The filtrate was acidified with acetic acid, evapo- 
rated to dryness, ignited, and the carbonate of barium and char- 
coal separated by filtration; the alkaline carbonates in the filtrate 
were now decomposed by hydrochloric acid, and the whole.eva- 
porated to dryness. A few drops of solution of carbonate of 
ammonium were then added, and the platinum dish strongly 
heated to drive off ammoniacal salts. The residue was treated 
with water, any insoluble matter separated by filtration, and the 

“a 
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filtrate evaporated to dryness, gently ignited, and the mixed 
chlorides weighed. 

The separation of potassa and soda was effected in the usual 
way by means of chloride of platinum. 

XV. On the Light from the Sky, its Polarization and Colour. 
By theHon. J. W. Strutt, Fellow of Trinity College, Cambridge*. 

T is now, I believe, generally admitted that the light which 
we receive from the clear sky is due in one way or another 

to small suspended particles which divert the light from its re- 
gular course. On this point the experiments of Tyndall with 
precipitated clouds seem quite decisive. Whenever the particles 
of the foreign matter are sufficiently fine, the light emitted late- 
rally is blue in colour, and, in a direction perpendicular to that 
of the incident beam, is completely polarized. 

About the colour there is no prima facie difficulty ; for as 
soon as the question is raised, it is seen that the standard of 
linear dimension, with reference to which the particles are called 
small, is the wave-length of light, and that a given set of par- 
ticles would (on any conceivable view as to their mode of action) 
produce a continually increasing disturbance as we pass along 
the spectrum towards the more refrangible end; and there 
seems no reason why the colour of the compound light thus 
scattered laterally should not agree with that of the sky. 

On the other hand, the direction of polarization (perpendicular 
to the path of the poy light) seems to have been felt as a 
difficulty. Tyndall says, “....the polarization of the beam by 
the incipient cloud has thus far proved itself to be absolutely inde- 
pendent of the polarizing-angle. The law of Brewster does not 
apply to matter in this condition; and it rests with the undula- 
tory theory to explain why. Whenever the precipitated particles 
are sufficiently fine, no matter what the substance forming the 
particles may be, the direction of maximum polarization is at 
right angles to the illuminating beam, the polarizing angle for 
matter in this condition bemg invariably 45°. This I consider 
to be a point of capital importance with reference to the present 
question” +. As to the importance there will not be two opi- 
nions; but I venture to think that the difficulty is entirely 
imaginary, and is caused mainly by misuse of the word reflection. 
Of course there is nothing in the etymology of reflection or re- 
fraction to forbid their application in this sense; but the words 
have acquired technical meanings, and become associated with 
certain well-known laws called after them. Now a moment’s 
consideration of the principles according to which reflection and 

* Communicated by the Author. 
+ Phil. Mag. 8.4. vol. xxxvii. p. 388. 
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refraction are explained in the wave theory is sufficient to show 
that they have no application unless the surface of the disturbing 
body is larger than many square wave-lengths ; whereas the par- 
ticles to which the sky is supposed to owe its illumination must 
be smaller than the wave-length, or else the explanation of the 
colour breaks down. ‘The idea of polarization by reflection is 
therefore quite out of place; and that “the law of Brewster 
does not apply. to matter in this condition ”’ (of extreme fineness) 
is only what might have been inferred from the principles of the 
wave theory. 

Nor is there any difficulty in foreseeing what, according to the 
wave theory, the direction of polarization ought to be. Conceive 
a beam of plane-polarized light to move among a number of par- 
ticles, all small compared with any of the wave-lengths. The 
foreign matter, if optically denser than air, may be supposed to 
load the ether so as to increase its mertia without altering its 
resistance to distortion, provided that we agree to neglect effects 
analogous to chromatic dispersion. If the particles were away, 
the wave would pass on unbroken and no light would be emitted 
laterally. Even with the particles retarding the motion of the 
zther, the same will be true if, to counterbalance the increased 
inertia, suitable forces are caused to act on the ether at all 
points where the inertia is altered. These forces have the same 
period and direction as the undisturbed luminous vibrations them- 
selves. The light actually emitted laterally is thus the same as 
would be caused by forces exactly the opposite of these acting on 
the medium otherwise free from disturbance ; and it only remains 
to see what the effect of such forces would be. 

On account of the smallness of the particles, the forces acting 
throughout the volume of any one are all of the same intensity 
and direction, and may be considered as awhole. The determi- 
nation of the motion in the ether, due to the action of a periodic 
force at a given point, requires, of course, the aid of mathema- 
tical analysis; but very simple considerations will lead us toa 
conclusion on the particular pomt now under discussion. In 
the first place there is a complete symmetry round the direction 
of the force. The disturbance, consisting of transverse vibra- 
tions, 1s propagated outwards in all directions from the centre; 
and in consequence of the symmetry, the direction of vibration 
in any ray les inthe plane containing the ray and the axis; 
that is to say, the direction of vibration in the scattered or 
diffracted ray makes with the direction of vibration in the in- 
cident or primary ray the least possible angle. The sym- 
metry also requires that the imtensity of the scattered light 
should vanish for the ray which would be propagated along the 
axis; for there is nothing to distinguish one direction trans- 
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verse to the ray from another. We have now got what we want. 
Suppose, for distinctness of statement, that the primary ray is 
vertical, and that the plane of vibration is that of the meridian. 
The intensity of the light scattered by a small particle is con- 
stant, and a maximum for rays which lie in the vertical plane 
running east and west, while there is no scattered ray along the 
north and south line. If the primary ray is unpolarized, the 
light scattered north and south is entirely due to that component 
which vibrates east and west, and is therefore perfectly polarized, 
the direction of its vibration being also east and west. Similarly 
any other ray scattered horizontally is perfectly polarized, and 
the vibration is performed in the horizontal plane. In other di- 
rections the polarization becomes less and less complete as we 
approach the vertical, and in the vertical direction itself altogether 
disappears. 

So far, then, as disturbance by very small particles is con- 
cerned, theory appears to be in complete accordance with the 
experiments of Tyndall and others. At the same time, if the 
above reasoning be valid, the question as to the direction of the 
vibrations in polarized light is decided in accordance with the 
view of Fresnel. Indeed the observation on the plane of polari- 
zation of the scattered light is virtually only another form of 
Professor Stokes’s original test with the diffraction-grating. In 
its present shape, however, it is free from certain difficulties both 
of theory and experiment, which have led different physicists who 
have used the other method to contradictory conclusions. I con- 
fess I cannot see any room for doubt as to the result it leads to*. 

The argument used is apparently open to a serious objection, 
which I ought to notice. It seems to prove too much. For if 
one disturbing particle is unable to send out a scattered ray in 
the direction of original vibration, it would appear that no com- 
bination of them (such as a small body may be supposed to be) 
could do so, at least at such a distance that the body subtends 
only a small solid angle. Now we know that when light vibra- 
ting in the plane of incidence falls on a reflecting surface at an 
angle of 45°, light zs sent out according to the law of ordinary 

* T only mean that 7f light, as is generally supposed, consists of trans- 
versal vibrations similar to those which take’ place in an elastic solid, the 
vibration must be normal to the plane of polarization. There is unques- 
tionably a formal analogy between the two sets of phenomena extending 
over a very wide range; but it is another thing to assert that the vibrations 
of light are really and truly to-and-fro motions of a medium having mecha- 
nical properties (with reference to small vibrations) like those of ordinary 
solids. The fact that the theory of elastic solids led Green to Fresnel’s 
formule for the reflection and refraction of polarized light seems amply 
sufficient to warrant its employment here, while the question whether the 
analogy is more than formal is still left open. 
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reflection, whose direction of vibration is perpendicular to that in 
the incident ray. And not only is this so in experiment, but it 
has been proved by Green* to be a consequence of the yery same 
view as to the nature of the difference between media of various 
refrangibilities as has been adopted in this paper. The appa- 
rent contradiction, however, is easily explained. It is true 
that the disturbance due to a foreign body of any size is the 
same as would be caused by forces acting through the space it 
fills in a direction parallel to that in which the primary. light vi- 
brates; but these forces must be supposed to act on the medium as 
a actually is—that 1s, with the variable density. Only on the 
supposition of complete uniformity would it follow that no ray 
could be emitted parallel to the line in which the forces act. 
When, however, the sphere of disturbance is small compared with 
the wave-length, the want of uniformity is of little account, and 
cannot alter the law regulating the intensity of the vibration 
propagated in different directions. 

Having disposed of the polarization, let us now consider how. 
the intensity of the scattered light varies from one part of the 
spectrum to another, still supposing that all the particles are 
many times smaller than the wave-length even of violet light, 
The whole question admits of analytical treatment; but before 
entering upon that, it may be worth while to show how the 
principal result may be anticipated from a consideration of the 
dimensions of the quantities concerned. 

The object is to compare the intensities of the incident and 
scattered ray ; for these will clearly be proportional. The num- 

_ber (2) expressing the ratio of the two amplitudes is a function 
of the following quantities:—T, the volume of the disturbing 
particle; 7, the distance of the point under consideration from it ; 
Xr, the wave-length ; b, the velocity of propagation of light; D and 

‘ D’, the original and altered densities: of which the first three 
depend only on space, the fourth on space and time, while the 
fifth and sixth introduce the consideration of mass. Other ele- 
ments of the problem there are none, except mere numbers and 
angles, which do not depend on the fundamental measurements 
of space, time, and mass. Since the ratio z, whose expression we 
seek, is of no dimensions in mass, it follows at once that D and 
D! only occur under the form D: D’, which is a simple number 
and may therefore be omitted, It remains to find how 2 varies 
with T, 7, A, 8. ny ; 

Now, of these quantities, 5 is the only one depending on 
time ; and therefore, as 7 is of no dimensions in time, 6 cannot 
occur in its expression. We are left, then, with T, r, and A; 
and from what we know of the dynamics of the question, we 

* Camb. Phil. Trans. vol. vii. . 
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may be sure that 2 varies directly as T and inversely as 7, and 
must therefore be proportional to T--)?r, T being of three di- 
mensions in space. In passing’ from one part of “the spectrum 
to another 2 is the only quantity which varies, and we have the 
important law :— 

When light is scattered by particles which are very small com- 
pared with any of the wave-lengths, the ratio of the amplitudes of the 
vibrations of the scattered and incident light varies inversely as the 
square of the wave-length, and the intensity of the lights themselves 
as the inverse fourth power. 

I will now investigate the mathematical expression for the 
disturbance propagated in any direction from a small particle 
which a beam of light strikes. 

Let the vibration corresponding to the incident BN: be ex- 

pressed by A ae” = ~ bt. The acceleration is 

“a(2 b) « os bt 

so that the force which would have to be applied to the parts 
where the density is D’, in order that the wave might pass on 
undisturbed, is, per unit of volume, 

p)A(=™) cos * os > — i 

To obtain the total force which must be ee to act over the - 
space occupied by the particle, the factor T must be introduced. 
The opposite of this conceived to act at O (the position of the 
particle) gives the same disturbance in the medium as is actu- 
ally caused by the presence of the particle. Suppose, now, that 
the ray is incident along O Y, and that the direction of vibration 
makes an angle a with the axis of w, which is the line of the 
scattered ray under consideration—a supposition which involves 
no loss of generality, because of the symmetry which we have 
shown to exist round the line of action of the force. The ques- 
tion is now entirely reduced to the discovery of the disturbance 
produced in the ether by a given periodic force acting at a fixed 
point init. In his valuable paper “On the Dynamical Theory 
of Diffraction”’*, Professor Stokes has given a complete investi- 
gation of this problem; and I might assume the result at once. 
The method there used is, however, for this particular purpose 
very indirect, and accordingly I have thought it advisable to 
give a comparatively short cut to the result, which will be found 
at the end of the present paper. It is proved that if the total 

force acting at O in the manner supposed be F cos bt, the re- 

* Camb. Phil, Trans, vol. ix. 

: 
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sulting disturbance in the ray propagated along O X is 

F sine 277 
fo Aarb2Dr COP ag (bt—r) - 

Substituting for F its value, we have 

res 
f-A au sin @ Cos = (bt—r), 

an equation which includes all our previous results and more. 
One reservation, however, must not be omitted. Since we 

have supposed the medium uniform throughout, whereas it 
really has a different density at the place where the force acts, 
our investigation does not absolutely correspond to the actual 
circumstances of the case. As before remarked, no error is on 
that account to be feared in the law determining the intensity of 
the vibration in different directions ; but it is probable that the 
coefficient, so far as it depends on D: D’, may be changed*, and 

there may be a change in the phase comparable with -- x the 

linear dimension of the particle, which is of importance when the 
scattered and primary waves have to be compounded. 

So much for a single particle. In actual experiments, as, for 
instance, with Professor Tyndall’s “clouds,” we have to deal 
with an immense number of such particles; and the question 
now is to deduce what their effect must be from the results 
already obtained. Were the particles absolutely motionless, the 
partial waves sent out in any direction from them would have 
permanent relations as to phase, and the total disturbance would 
have to be found by compounding the vibrations due to all the 
particles. Such a supposition, however, would be very wide of 
the mark; for, in consequence of the extreme smallness of X, the 
slightest motion of any particle will cause an alteration of phase 
passing through many periods in a less time than the eye could 
appreciate. Our particles are, then, to be treated as so many 
unconnected sources of light ; and instead of adding the wbrations, 
we must take the intensities represented by their squares. Only 
In one direction is a different treatment necessary, namely along 
the course of the primary light. I mention this because it would 
not otherwise appear how the reduction in the intensity of the 
transmitted light is effected ; but we do not require to follow the 
details of the process, because, when once we know the intensity 
of the light emitted laterally, the principle of energy will tell us 
what the primary wave has lost. 

* T find that no alteration of any kind is needed.—Jan. 20. 
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The intensity of the light scattered from a cloud is thus 
raue to 

1__T)\2 2 
a DDI in — 

where >T? is the sum of all the squares of T. If T? be under- 
stood to denote the mean square of T (not the square of the mean 
value of T), and m be the number of particles, 

Sign 21. 

If the primary light be unpolarized, the intensity in a direction 
making an angle @ with its course uuae 

pee (1 + cos? 8) 
- 

Backwards from the cloud the light is thus twice as bright as 
normally. To the light scattered nearly in the direction of the 
primary ray our expression does not apply. 

Fig. 1. 

500 FL G EF 6E D € B 1000 A 

Fig. 1 shows the curve representing the intensity of the scat- 
tered light for each part of the spectrum, referred to the intensity 
in the primary light as a standard. The abscissa being propor- 
tional to X, the base line represents the diffraction-spectrum with 
the principal fixed lines. Over the brighter portion of the spec- 
trum from B to G the curve differs but little from a straight line, 
while the small curvature is turned‘downwards, indicating a defi- 
ciency in the green and yellow. 

Before making out the theory, I had endeavoured to ascertain 
by observation the actual prismatic composition of the blue of 
the sky, and had obtained preliminary results. The experimental 
method (the description of which I must reserve for another oppor- 
tunity) was fully adequate to the comparison of two given lights ; 
but the difficulty was to find something to compare the blue 
light with. In the only complete set of observations that I have 
hitherto been able to make, the blue of the sky (apparently a 
very good one) taken from the neighbourhood of the zenith 
was compared with sunlight diffused through white paper, 

Phil. Mag. 8. 4. Vol. 41. No. 271. Feb. 1871. I 
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About thirty consistent comparisons were made, ranging over the 
spectrum from C to beyond F, and a curve drawn on the plan of 
fig. 1. Ido not give the complete curve, because I hope before ~ 
long to complete and confirm the observations ; but the following 
numbers will give an idea of the result :— 

C. D. ape F. 

25 4.0 63 . 80 from fig. 1. 
25 Ay 71 90 observed. 

The upper line gives the theoretical intensities for the fixed 
lines C, D, 53, F, while the lower gives the observed ratios be- 
tween the lights (sky and diffused sunlight), the two sets of 
numbers being made to agree at C. Considering the difficulties 
and uncertainties of the case, the two curves agree very well; 
and it should be noticed that the sky compared with diffused light 
was even bluer than theory makes it, on the supposition that the 
diffused light through the paper may be taken as similar to that 
whose scattering illuminates the sky. It is possible that the 
paper was slightly yellow; or the cause may lie in the yellowness 
of sunlight as it reaches us compared with the colour it possesses 
in the upper regions of the atmosphere. It would be a mistake 

~ to lay any great stress on the observations in their present incom- 
plete form ; but at any rate they show that a colour more or less 
like that of the sky would result from taking the elements of 
white light in quantities proportional to X~+. Ido not know 
how it may strike others; but individually I was not prepared 
for so great a difference as the observations show, the ratio for 
F being more than three times as great as for C. 

There is one point in which our calculations do not exactly 
meet the case of the sky. In the experiments with precipitated 
clouds the total quantity of light scattered is quite insignificant 
compared with the incident beam; but it is by no means so 
clear that the same is the case with the sky. Hach particle is 
thus struck, not only by the direct light of the sun, but also by 
that scattered from others. It does not seem that the chromatic 
effects would be much affected by this consideration ; but it is 
worth notice that the conclusion as to complete polarization per- 
pendicular to the incident ray would have to be modified. To 
see this, imagine, as before, the ght (unpolarized) incident 
along O Y upon a particle O; we have seen that the ray dif- 
fracted along O X contains no vibration parallelto OY. By the 
aid, however, of another particle P in the zy plane such a vibra- 
tion may be communicated to it; for in the ray diffracted from 
P to O there is acomponent vibration in the zy plane perpendi- 
cular to PO, which, when again diffracted along O X, will give 
a component parallel toO Y. This is perhaps the explanation 



its Polarization and Colour. > J 

of the incomplete polarization of sky-light at right angles to the 
solar beams; but it must be remembered that an insufficient 
fineness in some of the particles of foreign matter would have a 
like result. 

By many physicists, from Newton downwards, the light of the 
sky has been supposed to be reflected from thin plates, and the 
colour to be the blue of the first order in Newton’s scale. Such 
a view is fundamentally different from that adopted in this paper, 
though it might not at first seem so. In support of this asser- 
tion, it may be sufficient to notice that the two theories are 
at variance as to the law connecting the intensity with wave- 
length. By an argument from dimensions similar to that already 
used, it is easy to find how the intensity of the light reflected 
from a thin plate (thin, that is, compared with any of the wave- 
lengths) varies with. Instead of our former quantities, T, 7, A, 
we now have merely X, and 6 the thickness of the plate. Since 
the reflected vibration necessarily varies as 6, it must also be 
proportional to A—!, and so the zntensity of the reflected light 
ocr? instead of X~*. The ordinary analytical expression for 
the reflected light leads readily to the same conclusion (Airy’s 
Tracts, p. 297). There can, I think, be no question that the 
composition of the light of the sky agrees more nearly with the 
latter than with the former law. 

The principle of energy makes it clear that the light emitted 
laterally is not a new creation, but only diverted from the main 
stream. If TI represent the intensity of the primary light after 
traversing a thickness # of the turbid medium, we have 

di = —kId-“*dz, 

where k is a constant independent of. On integration, 
as 

_— Feeqet ei 

if I, correspond to 2 =0,—a law altogether similar to that of ab- 
sorption, and showing how the light tends to become yellow and 
finally red as the thickness of the medium increases. Fig 2 shows 
a series of curves representing the composition of the originally 
white light after passing through thicknesses in the ratio of 1, 2, 
4, 8, 16, 82. The reader will observe how little of the violet 
light remains when the red is still in nearly its original force. I 
cannot but think that this rapid diversion of the rays of short 
wave-length has a good deal to do with the absence of light of 
the highest refrangibility from the direct rays of the sun. For 
the line A at the extreme red and R near the upper limit of the 
photographic spectrum the wave-lengths are 7617 and 3108. 
The ratio of the fourth powers is about 36:1; so that, whatever 

[2 
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the fraction representing the transmission of A may be, its 36th 

power will give the transmission of R. To take an instance, if 

Rig. 2: 

‘9 of the ray A gets through, only ‘018 of R would be able to 
penetrate. For the rays of still higher refrangibility, which 
Professor Stokes found abundant in the electric light but missing 
in the solar rays, the fraction would be smaller still; but I am 
not aware of any measurements of smaller wave-length on which 
to found a calculation. 

We have hitherto supposed that the light scattered by the 
finely divided matter reaches the eye without modification, and 
we have taken no account of any change in the composition of 
the primary light before diffraction. If w be the total length of 
the path of the ray through the turbid medium, we may express 
the quality of the light in terms of #; for it makes no difference 
whether the lateral leakage takes place before diffraction or after. 
In fact 

lo \—4e— ha Ae : 

an expression which shows that I vanishes for very small as well 
as for very large values of X, while for some definite value (say A) 
it rises to a maximum (I,). Expressing I in terms of I, and A, 
we have 

from which we may fall back on our original law by supposing 
A indefinitely small, and replacing A‘*I, by a finite constant. 
An approximate idea of the character of these lights may be ob- 
tained by subtracting the successive curves of fig. 2. Thus the 
difference of the curves marked 2 and 4 represents a light having 
its maximum brightness (of course relatively to the primary 
light) in the blue-green portion of the spectrum. I find by cal- 
culation that, if the maximum intensity be at d and be taken as 
unity, the intensities at G and C are given by the numbers °713, 
‘710 respectively. The colour would be greenish ; but whether 
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the green of the sky is to be accounted for in this way I am not 
able to say. Some, I believe, consider it to be entirely a contrast 

. effect. 

APPENDIX. 

Within a space T, small in all its dimensions against 2, and 
situated at the origin of coordinates, let a force parallel to O Z, 
and, so far as it depends upon the time, expressed by a simple 
circular function, act on the medium. If &, 7, & denote the dis- 
placements parallel to the axes at the point xyz, and 

_ 4 ay a 
Dime triys de 

3 

2 aes nee dé B 

GY Mas | 
Ce oa 2g Q 9g dé | A x 

pa a hae C (A) 

HSE ies sige dd 
dt =b Vo+ (a 6”) Eth 

h tands f = a ga a? and 6? are constants where VY stands tor I Te Te? 

depending on the nature of the medium supposed to be isotropic. 
For the luminiferous ether, Green has shown that a is to be 
regarded as indefinitely great ft. 

To represent the periodic force, write for Z, Ze. Similar 
transformations will then apply to &, 7, ¢ and 5; so that on 
substitution in (A) and dividing out the common factor e”, 
there results 

dd 7 
(PV +m)E+ (eH) =0, | 

(6? +n?)n + (a?— 6°) ~=0, “fia gh) 
! | wy tener 2 =, | 

4 J 
Writing 

d& dy _ 
dy = ae = Bs &e 3 

* Thomson and Tait’s ‘ Natural Philosophy,’ p. 530. 
+ Camb. Phil. Trans vol. vii. 
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we obtain from (B) by differentiation and subtraction, 

(7°V 4-77)a,= 0) 

dZ 2 Cn ea ed roa C (eV +n2)o,= ae (C) 

aZ, 2 hye! A (OV +n")o,= Tn ; 

@\, Bo, ware the rotations of the elements of the medium round 
axes parallel to those of coordinates. 

The disturbance which we are investigating is that caused and 
maintained by the force Z acting within the space T. Accord- 
ingly* 

@,=0 

az, extkr 

o,=— = {\{2 ae dx dy dz, 

r being the distance between the element dz dy dz and the point 
where @, is estimated, and 

Q2T Nn 
ia 

Since ¢*" will be finally multiplied by e, and the disturbance 
which we are dealing with is propagated outwards from T, it is 
evident that the lower sign is to be ee Now 

e—ikr dZ, Zo. —ikr oa 

ea |-\23 
of which the term a ee ahs because the value of 
Z is only finite within the space T. Thus 

1 d (et = a ()25 ( : ) de dy de 
ad —ikr eas * : 

The factor iy (—) within the space T is sensibly constant, so 

that, if Z stand for the mean value of Z over the volume T, 

CZ sae =) 
1 Barb? Fe ; 

Ee —TZ d e—ikr 

2° Aarb? =| r ), 

wi ke ad Nie 
wo, ty, 0 (ee —y 7 aU 

, 

* Helmholtz, Crelle’s Journal, 1860. 
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And if R= Va? +4 9%, 

a “a,—yo, —TZ d ad er 

= 7 ee a a tY a) : 

fi mle a) verte STZ sina d Nee 

4b? dR or)tsié«r dr al 

where a denotes the angle between r and z. 
The resultant rotation at any point is thus about an axis per- 

pendicular to the plane passing through the point and the axis 
e7tkr 

of Z; and its magnitude is givenby a. In differentiating - 

with respect to 7, we may neglect the term divided by r? as alto- 
gether insensible, kr being an exceedingly great quantity at any 
ordinary distance from the origin of disturbance. Thus 

—ik.TZsin a e~ ter 

Arr b? r’ (E) 

which completely determines the rotation at any point. Fora 
given disturbance it is seen to be everywhere about an axis per- 
pendicular to r and the direction of the force, and in magnitude 
dependent only on the angle between these two directions (a) 
and on the distance (7). 

The intensity of the light, however, is more usually expressed 
in terms of the actual displacement in the plane of the wave. 
In order to find the connexion between the two quantities, it 
will be more convenient to suppose the scattered ray parallel to 
x, and that the force F (for Z is no longer appropriate) acts in 
the plane of zz at an angle a with Ox. @ becomes identical 

= ; for & as well as 7 is zero; so that 

t= | adr TF sin a ee 

with a, ; that is, with 

Avr b? r 

Restoring the factor -’"’, we have 

TF sina eré—-r) 
oe 4b? ee 

or throwing away the imaginary part, 

TE sin « Qa 
— Oo —7T e . . ° i t= inde °° > (6t—r). (I) 

SE eee TIT a = 
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This corresponds to a total accelerating force equal to 

FT cos = bt; 

a result which agrees with that of Professor Stokes’s more com- 
plete investigation, with the exception of a slight difference of 
notation. 

Terling Place, Witham, 
December 30, 1870. 

[To be continued. | 

XVI. Addendum to a Paper on the Theory of the Tides. By the 
Rev. T. K. Assort, Fellow and Tutor of Trinity College, Dublin*. 

| Ga a former Number of this Magazine (Jan. 1870) I gave ele- 
mentary proofs of the principal theorems in the Theory of 

the Tides. In order to complete the elementary treatment of the 
subject, it is desirable to give simple constructions for the disturb- 
ing force, the velocity of the current, and the height of the tide. 
The two latter I propose to give in the present paper; it would 
be superfluous to occupy your space with the former. 

It is in fact readily shown by elementary geometry that in 
the figure +, where EB E’ represents the hemisphere under the 

moon, and a circle Oc! c Bfis described round the radius directed 
to the moon, the tangential disturbing force at a is proportional to 
the perpendicular cp. If aa! be the space passed over in the 

* Communicated by the Author. 
T By imadvertence the direction of the motion in this figure is the reyerse 

of that in tne figure in the former paper. 
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rotation of the earth in one second, the force acting on the water 
may be supposed unchanged while it passes from a to a’; and 
its effect during that interval (7. e. in this quadrant the retar- 
dation) will also be proportional to cp or its double cf, and to 
the time, that is, to aa’, or the angle atO,aOa’. Now the 
angle at O = the angle at f, being in the same circle; and this 
angle multiplied by cf = the small perpendicular cd, or pp, 
which is parallel and equal to it. Therefore the whole retarda- 
tion since leaving B is proportional to the sum of all the abscissz 
pp'—that is, to Bp’. This represents the defect from the 
greatest eastward velocity; and after passing its mean value at 
the middle point s it represents a velocity which, relatively to 
the earth, is westerly. The velocity of the current relatively to 
the earth is represented by ps. 

Now if at any point in the supposed canal a thin section be 
taken, the quantity of water entering this section in a given time 
is proportional to the depth and the velocity. If the water flows 
in a little more rapidly than it flows out, it is clear that the in- 
crease in the quantity contained in the section, and therefore the 
increase in depth, wiil be proportional to the difference between 
these two velocities and to the whole depth. This holds as long 
as the change is small compared with the whole depth. If this 
be supposed uniform throughout the canal, the increase in it 
(that is, in the height of the tide) at a’ is therefore proportional 
to the retardation ; and since the tide began to rise at B, where 
the velocity began to diminish, it follows that Bp’! is also pro- 
portional to the height of the tide at a! above its lowest point. 

It is easy to deduce from this construction the corresponding 
formule. For calling OB,r, we have By=7r(1—cos’w). But 
ps=tr—Bp =3r(2cos*w—1) = g$reos2o. And since sb 
is proportional to the mean height, the defect from this height 
is proportional to ps, and therefore to cos 2. 

I have one remark to add with respect to the former paper. 
It was observed there that, in proving that without friction there 
would be low water under the moon, it was assumed “ that the 
ocean is carried round by the earth in its rotation.” It appears 
-to be @ priori an admissible supposition that this is not the case, 
but that the ocean is ina state of equilibrium under the moon’s 
action while the earth rotates. But this would obviously imply 
an apparent movement of the whole body of water, relatively to 
the earth, with a velocity equal and opposite to that of the earth’s 
rotation, 7. e. at the equator there would be an apparent current 
of about 1000 miles per hour. As this does not correspond to 
the fact, the supposition is practically inadmissible. But when 
friction is considered, it appears theoretically admissible also. 
For in this case friction would be continually acting in the same 
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direction, and its effect would be to make the eastward forces 
preponderate ; so that although the ocean should be supposed to 
be at rest at the first, it would ultimately be dragged round by 
the earth. 

Letterkenny, Ireland. 
Y 

XVII. On the Spectrum of the Aurora borealis. 
By F. ZOLuNER*, 

QOS the 25th instant I observed, by means of a Browning’s 
miniature-spectroscope, the spectrum of the aurora borealis 

as shown in the annexed engraving. To obtain sufficient bright- 
ness, the slit was opened rather wide. 

With an alcohol-flame, the wick of which was impregnated 
with sodium- and lithium-salts, the lines of lithium and sodium 
were at the same time produced ; and their position was used for — 
the approximate determination of the lines of the aurora borealis. 
The line in the green part of the spectrum 1s, in all probability, the 

one first observed and approximately determined by Angstrémt. 
On the contrary, the above-represented red line has not, to my 
knowledge, till now been observed. Certainly this line occurs 
with sufficient intensity only in those parts of the sky which 
even to the naked eye appear intensely reddened. But the 
green line also was always present in these spots, and, indeed, 
so intense that very seldom did the red line produce an equally 
strong optical impression. In the blue portion of the spectrum 
there only sometimes occurred faint band-hke streaks, among 
which a broad dark band on a brighter ground was the most 
striking. 

Dr. Vogel had the goodness to send me the drawing of the spec- 
trum of an aurora observed by him in conjunction with Dr. Lohse, 
about the same time, at the observatory of Chamberlain von 
Bulow at Bothcamp, near Kiel. It showed the bright lmes in 
the green part, and flutings on both sides very quickly diminish- 
ing in intensity, similar to the light-maximum of a diffraction- 
spectrum; but the red line was not present. 

It was not till after the aurora had vanished that I was able 

* Translated from the Berichte der Kon. Sachs. Gesellschaft der Wis- 
senschaften, math.-phys. Classe, Oct. 31, 1870. 

+ Compare Angstrém’s Recherches sur le Spectre solaire,p.41. Berlin, 
9 
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to observe with the same spectroscope the spectra of hydrogen, 
nitrogen, oxygen, and carbonic acid in Geissler’s tubes. Yet 
I believe that I have ascertained, by simultaneous observation 
of the sodium and lithium spectra, that the red aurora-line does 
not agree with any maximum of brightness in the spectra of the 
four gases investigated. It is more refrangible than the red 

_ hydrogen-line C; and its situation would be nearest to the place 
of the group of dark atmospheric lines «, between C and D in 
the solar spectrum, to which corresponds a mean wave-length of 
0:0006279 milliim. It may therefore be maintained that the 
spectrum of the aurora borealis corresponds, in its principal lines, 
with none of those of known terrestrial substances hitherto ob- 
served. On the contrary, the observations of Winlock and 
Young* make it very probable that three green lines of the spec- 
trum of the protuberances observed during a total eclipse of the 
sun coincide with three lines in the spectrum of the corona and 
in that of the aurora borealis. According to the measurements 
hitherto made, the most refrangible of these limes coincides with 
one which, according to Kirchhoff’s scale, is numbered 1474, 

and, according to Angstrom, has a wave-length of 0-0005323 
millim. Kirchhoff and Angstr6m agree in designating this line 
as one belonging to the spectrum of iron. 

All these cireumstances seem only to increase the difficulties 
opposed to a satisfactory explanation of the aurora borealis ; so 

that Angstrém, in the work above cited, declares the hitherto 
assumed analogy between the phenomena of the light of the 
aurora and those presented by the passage of electricity through 
rarefied air to be disproved by the non-coincidence of the aurora- 
spectrum with any known spectrum of the atmospheric gasest. 
I nevertheless believe that, by the following considerations, I 
shall be able to make the assumption very probable, that, if the 
luminous developments exhibited in the aurora are indeed, after 
the analogy of the rarefied gases brought to incandescence in 
air-exhausted spaces, of an electrical nature, they must belong to 
so low a temperature that itis impossible at the same temperature 
to observe the spectra of incandescent gases in Geissler’s tubes. 
This would render possible and, as very simple, also probable 
the following explanation :—That the spectrum of the aurora 
borealis does not correspond with any known spectrum of the atmo- 
spheric gases is only because, though a spectrum of our atmosphere, 

* Silliman’s American Journal, Nos, 142 and 143, 1869. 
+ Recherches sur le Spectre solaire, p. 41 :—‘‘ Moreover, the two phe- 

nomena (the aurora borealis and terrestrial magnetism) being so intimately 

connected that the appearance of the former is always accompanied by per- 

turbations acting on the magnetic needle, it was possible to suppose that 

the aurora borealis was only a play of electricity, analogous to that produced 

by the rarefied air in the electric egg; this, however, is not the case.” 
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at is one of another order, and one which we cannot yet produce 
artificially. 

The considerations in question result from the theorem deve- 
loped in the preceding memoir*, of the equivalence of thickness 
and density of the radiant layers in the conditions of density 
prevailing in the higher regions of our atmosphere. Let us de- 
note by A, and E, the value of the absorptive and the emissive 
power, referred to. unity of thickness and density at a determined 
temperature, for the wave-length X; further, let m and o be the 
thickness and density of the luminous layer of gas; we thus have 

. for the brightness E of the part of the spectrum belonging to A, 
according to the theorem mentioned, the expression 

K= [1 —(1 —A,)™7] os 
A 

It will be seen that, for a given gas and a given temperature, 
this expression depends only on the value of the product of mo. 

Let us conceive, then, for example, a Geissler’s tube filled with 
rarefied atmospheric air; and let us take the diameter of the 
central channel at 1 millim. as unit for the thickness m, and as 
unit for o that density of the included air which corresponds to 
a temperature of O° C. and a pressure of 1 millim. of mercury. 
If now by means of an induction-apparatus the air in the tube is 
rendered incandescent, at constant temperature the spectrum of 
the incandescent layer of gas would remain qualitatively and 
quantitatively unaltered, if the thickness of the luminous layer 
(consequently, in the case considered, the diameter of the channel) 
were increased from | millim. to 1000 millims., but to compensate 
for this the pressure of the included gas were diminished from 
1 millim. to zoho of a millim. Wiillner, im his investigations 
“On the Spectra of Gases in Geissler’s Tubes,” found that the. 
current of a smaller Rithmkorff’s apparatus, in the cases of ni- 
trogen and oxygen, could not overcome the resistance until the 
pressure in the tubes had been reduced by exhausting to 94 and 
64 millims. respectively. But although at these pressures the 
gases became permanently luminous, yet the intensity of the 
light was still too small for spectroscopic investigation. With 
nitrogen the requisite brightness was first obtained when the 
pressure was reduced to 46 millims.; with oxygen, to 28-30 
millimsf. 

I will hence assume that, with the apparatus used by Willner, 
at about 50 millims. pressure the induction current passes through 

* “Ueber den Einfluss der Dichtigkeit und Temperatur auf die Spectra 
glithender Gase”’ (Ber. Kon. Sachs. Ges. d. Wissensch. Oct. 31, 1870, 
p- 233), a translation of which will appear in the Phil. Mag. 
+ Pogg. Ann. vol. cxxxv. pp. 516 & 524. 
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a Geissler’s tube filled with atmospheric air, and with a thickness 
of the radiant layer of 1 millim. a sufficient amount of light is 
developed for the observation of the atmospheric spectrum. But 
if now this thickness of the luminous layer be compared with the 
thicknesses present in the aurora borealis, the latter must evi- 
dently be taken as incomparably greater, and, especially at spots 
far from the zenith, may be estimated at miles*. But if we even 
assume for the thickness of such a layer only 1 kilometre, this, 
at the same temperature as that in the Geissler’s tube in the 
present example, could have only the millionth part of the den- 
sity of the air contained in the tube, and so only 0:00005 mil- 
lim. pressure at O° C., if the spectrum of the incandescent gas 
in the tube were to correspond perfectly with that of the aurora 
borealist. Here, then, the question arises, whether it is allow- 
able to assume such low rates of pressure in those regions of our 
atmosphere in which the aurora borealis is developed. 

As regards the height the accounts of various aurore boreales 
are very divergent. Thus, not to mention earlier accounts, 
Hansteen{ finds for the aurora of January 7, 1831, the height of 
26 [German] geographical miles, by combining the measure- 
ments of the apparent height of the dark segment at Berlin and 
at Christiansand in Norway. On the contrary, the observations 
of Farquharson§ make it probable that aurore boreales in ge- 
neral have a much less altitude, and sometimes descend quite to 
the region of the clouds. 

The latter view is corroborated by many more recent observa- 
tions, especially in the polar regions, made by Parry, Wrangel, 
Franklin, Hood, Richardson, and others; so that the height of 
from 10 to 20 geographical miles, assumed in the following cal- 
culations as that of the lower parts of the aurora borealis, may 
be presumed to be at all events rather too great than too small. 
If, assuming a uniform temperature everywhere of O° and the 
normal condition of the barometer at the surface of the earth, we 
calculate the atmospheric pressure at those heights, we shall find 

* This may offer a very simple explanation of the fact that, in general, 
with increasing distance from the zenith the brightness of the aurora 

- borealis increases, as far as the boundary of the dark segment. 
+ In all these considerations, it is obvious that the apparent magni- 

tude of the luminous layer is always assumed to he sufficient to cause 
the variation of distance of the latter to have no effect on the brightness 
of the spectrum. In like manner the influence of absorption in the 
deeper and non-luminous layers of the atmosphere is neglected. 

t Pogg. Ann. vol. xxu. (183]). 
§ “On a definite Arrangement and Order of the Appearance and Pro- 

gress of Aurora borealis, and its Height above the surface of the earth,” 
Phil. Trans. 1829; and ‘*‘On a remarkable Appearance of the Aurora 
borealis below the Clouds,” ibid. 1842. 
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for it at the height of 10 geographical miles 0°078 millim., and 
at the height of 20 miles 0:00001 millim. 

To a layer 1 metre thick of the incandescent air of the aurora 
borealis, then, at the height of 10 miles, a pressure of 78 mil- 
lims. in the Geissler’s tube would be equivalent, and at the 
height of 20 miles a pressure of 0°01 millim., in order to pro- 
duce at the same temperature a spectrum just as bright as that 
of the aurora borealis. 

But since, as before remarked, the thickness of the luminous 
layers in the aurora is most probably to be estimated as amount- 
ing to, not metres, but kilometres, we should obtain so high a 
value for the pressure in the Geissler’s tube equivalent to the 
thickness even at the height of 10 miles (namely, 78 metres of 
mercury for a layer 1 kilometre thick), that the quantity of elec- 
tricity produced by even the largest induction-apparatus would 
not possess sufficient tension to overcome the resistance of the 
air compressed to such a degree. And even if the tension were 
sufficient, the temperature produced by the discharge would be 
so high that the spectrum could only be brilliant and continuous, 
and hence not comparable with that of the aurora borealis. 

From this it is evident that the quantity of mcandescent gas 
particles in a Geissler’s tube, in comparison with that in the 
aurora borealis, is probably extraordinarily minute. But since, 
notwithstanding this, the spectrum of a gas rendered imcandes- 
cent in such atube by electricity must at least possess the bright- 
ness of the aurora-spectrum in order, even with the best appa- 
ratus as regards intensity of light, to afford a spectroscopic 
analysis, it follows that the emissive power of the incandescent 
gas particles in the tube must be immensely greater than that of 
those in the aurora borealis. Such a difference of emissive 
power, however, can only be effected by difference of tempe- 
rature. 

If, then, the light developed in the aurora borealis arises from 
incandescent gas particles of our atmosphere, the temperature at 
which this takes place must be very much lower than that necessary 
to render the same gases incandescent in Geissler’s tubes. 

Still, according to Kirchhoff’s theorem, the temperature may 
not be lower than that of a perfectly black body mm a state of 
incandescence, the continuous spectrum of which, in the places 
corresponding to the aurora-spectrum, is of equal brightness 
with this. 

From these considerations it results that all the gas-spectra, 
of various orders, which we can artificially produce can, generally 
speaking, only belong to high temperatures; for the relatively 
great brightness of so small a quantity of the incandescent par- 
ticles shows that there must be a great emission of light from 
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each individual particle, and this can only be effected by a high 
temperature. 

If, on the other hand, we observe very simple and faintly 
luminous spectra where, in spite of the marvellously tenuous 
distribution of the substance (as in the aurora borealis, the co- 
rona, the zodiacal light, and nebule), considering the enormous 
thickness of the radiant layers it must be admitted that a great 
number of luminous particles are effective, the temperature of 
the gases here incandescent may in general be relatively low. 
These considerations satisfactorily corroborate the conjecture of 
Lockyer *, that the simple spectra of nebule do not belong to 
high, but to relatively low temperatures. 

Remark.—Probably the admissibility of the comparison above 
instituted between the aurora borealis and a Geissler’s tube 
might be doubted, because in the latter the gas, on being heated, 
cannot expand, as in the aurora, and hence its density remains 
constant. Yet, as regards the above considerations, but very 
little importance can be ascribed to this circumstance, because 
the diminution of the density is only a secondary effect of the 
increase of temperature, and occurs relatively much later than 
the optical effect of the incandescence ; and evenif it were taken 
into account, it would necessitate only unimportant alterations 
in the example treated. On the other hand, I consider it pro- 
bable that at least a part of the remarkable phenomena of motion 
observed in the aurora borealis are to be referred to the disturb- 
ances of equilibrium arising from such important differences of 
temperature in the extremely rarefied strata cf our atmosphere. 

XVIII. On Athermogenic Condensation. 
By the Rev. J. M. Heatut. 

| ae proposition which I understand is good thermodyna- 
mics, though to my mind very questionable mechanics, 

may be thus stated. If P and Q are the forces tending respec- 
tively to contract and expand the volume V ofa unit of gas, 
and if (P—Q)dV=0, and if actual contraction of V does take 
place by the uniform descent of the piston through the space 6V, 
then the internal energy of the gas will be augmented by the 
energy due to the action of P through the space 6V. 

Those who accept this proposition do so in the belief that it is as 
true in mechanics (that is, when the energy spoken of is regarded as 
molecular motion) as it is in thermodynamics, where such energy 
is identitied with heat. And they admit, as a mechanical prin- 

* Proc. Roy. Soc. 1869, No. 112. 
+ Communicated by the Author. 
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ciple, that when (P—Q)d2=0, P can generate no motion, but 
with the remarkable reservation that this is to be understood 
only of motion in the point or body to which P and Q are actu- 
ally applied: but it seems to be held that, under certain cir- 
cumstances at least, P may augment the motions of other bodies 
to which it is not applied. 

In order to maintain the equality of the forces acting upon 
the piston during its descent, and therefore the uniformity 
of its motion, it is necessary, since Q increases during the con- 
traction of V, to augment P also by a quantity constantly 

equal to the augmentation of Q. Mr. Rankine finds uo 

where M is the mass of the piston, and w its velocity, for the 
value of this increment of P. And he finds the expression 
2m.u.(u+v) for the increment of the internal energy of the gas 
caused by the descent of the piston through the space udt. He 
states as his final result that Pudt + Mudu=2mu.(u-+v)dt, 
which he interprets in words to mean that the internal energy 
of the gas will be increased by a quantity represented by the 
work done by P + the energy lost by the piston through retardation. 

I cannot admit the correctness of the equation in which Mr. 
Rankine has expressed the final result of this his corrected in- 
vestigation. IfI have myself rightly apprehended the argument 
he has followed, the result should have been symbolically ex- 
pressed as follows. 

Before the motion the equality of action and reaction gives 

P . udt= Qudt, 

during and after the motion we have 

P. udt ++ Mudu=Qudt + 2mu(u+v) dt ; 
therefore : 

Mudu=2mu(u-+ v) dt. 

And this result, being independent of both P and Q, is conclu- 
sive against the proposition it was advanced to support, viz. that 
the energy generated was to be proportional to the whole action 
of P through wdé or to Pudt. 

But, on the other hand, I must admit that although it sup- 
ports the principle I have been contending for, that when new 
energy 1s generated it is due to the difference between P and Q 
and not to the entire action of either of them, yet so far as it 
seems to show that some new energy 18 generated in contraction, 
even while P and Q are always in equilibrium, I am bound to re- 
move this difficulty, or else to admit that a contrary opinion to my 
own has been, at least to a certain extent, established. 

The energy of repulsion by which the piston repels the par- 
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ticles impinging upon it is, when the piston is in motion, mas 

times as great as it was when the piston was at rest. It will 
u 

therefore create 
ie : 

times as much momentum in m particles 

in the one case as in the other. The momentum of m particles 
after reflection from the piston at rest was mv. It is therefore 
u+tv 
> mv or m. u+v when reflected by the moving piston. But 

the number of particles which impinge upon the piston in the 

time d¢ is in the second case ed times what it was in the first, 

and therefore the average velocity which these must receive in 
order to acquire the same aggregate momentum will be 

m.(u+v) 
U+tv 

hh ———— 

v 

= /))- 

It thus appears that the moving piston reflects ue times as 

many particles as the stationary one in the same time, but with- 
out altering their velocity. But the pressure of the gas depends 
upon the frequency of these reflections when their velocity is un- 
altered; and the energy of the gas depends upon the alteration of 
the velocity ; so that when the motion of the piston is uniform, 
as in the present case, the increment of the condensing energy 
all goes into pressure, and none of it into motion. When the 
motion of the piston is accelerated, the excess of energy which 
causes the acceleration then increases the vis viva. 

XIX. On a small Universal Stellar Spectroscope. 
By M. Stemunp Merz. 

[With a Plate. | 

To Dr. Francis, F.L.S. &c. 
SIR, Munich, November, 1870. 

N Carl’s s Repertorium der Phystk, vol. vi. p. 273, there is con- 
tained the description of a small universal star-spectroscope 

constructed by me, accompanied by an explanatory Plate. As, 
however, since that article appeared this compendious little in- 
strument has been improved in various essential particulars, at 
the suggestion of a friend I make bold to forward to you a shor 
description thereof, and also a corrected sketch of its arrangement 

The instrument consists of two principal parts, or, in other 
Phil. Mag. 8. 4. Vol. 41. No 271. Feb. 1871. K 
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words, of two spectroscopes, each of which may be used singly, 
and which are in part complementary to each other. The one 
part, which is a simple direct-vision spectroscope, is provided with 
a prism of novel construction. ‘This prism consists of five ele- 
ments, two of which are of flint glass, each having a refracting- 
angle of 84°; the other three prisms are of crown glass; one of 
them has also a refracting-angle of 84°, the other two of 87°, as 
shown in Plate II. fig. 4. 

This portion of the apparatus is furnished with a positive eye- 
piece with an equivalent focal length of 1 inch, and it is also 
provided with a cylindrical lens of 1 inch radius. The arrange- 
ment of this portion of the apparatus is shown in fig. 1. 

The compound spectroscope, which is represented in fig. 2, is 
provided with a similar spectral prism. It has a tube furnished 
with a slit, and acollimator, and likewise an observing-telescope. 
The object-glasses of the latter and of the collimator are of the 
same focal length, namely 4 inches; their aperture is 2 of an inch. 

The observing-telescope carries, moreover, a needle-micrometer 
with an eyepiece of 4-inch focal length. It is also provided 
with two red sun-glasses, which admit of being used either singly 
or together. This compound spectroscope is moreover furnished 
with a small divided position-circle situated at B. 

The spectral prism can be unscrewed from the simple appa- 
ratus (fig. 1) and inserted at A, between the observing-telescope 
and the spectral prism of the compound apparatus (fig. 2), 
whereby the dispersion of the spectroscope is doubled, and the 
entire instrument rendered available for the observation of the 
solar protuberances. 

With the view of such observations, a peculiar construction has 
been given to the slit (fig. 3), by means of which, through the 
medium of a screw, its two steel jaws can be simultaneously 
moved away from the centre and opened to the distance of nearly 
a quarter of an inch. The slit is further fitted with an arrange- 
ment for throwing aside the illuminating prism that is employed 
in comparing the spectra of flames. This latter movement is 
effected by means of a small lever, to the long arm of which the 
prism in question is attached, and the short arm of which is in- 
serted into an aperture in the rotating rmg R. When such a 
motion has been given to this ring that the aperture at which 
the light enters (a) is closed, the prism no longer remains oppo- 
site the slit, so that the cone of rays derived from the refractor 
has then free passage through the full width of the jaws. 

The lateral movement near K on the observing-telescope 
enables any separate colour of the spectrum to be brought into 
position, while a similar movement at K’ near the slit serves for 
altering the angle of incidence of the rays, thus bringing into 
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the field of view the extreme portions of the spectrum, even when 
extended by the employment of the two systems of prisms. 

With respect to the rectification of the instrument, it is only 
necessary to observe that all the parts that unscrew are provided 
with suitable marks ; and, speaking generally, the apparatus may 
be looked upon as in adjustment when the so-called Fraunhofer 
lines are situated at right angles to the spectrum. 

The cylindrical lens, it should be remarked, is to be employed 
only in stellar observations; in other cases it should be removed. 
It admits of bemg turned round in position 90°, and can thus 
be placed either normal or parallel to the slit. If, for instance, 
the cylindrical lens is situated within the focus of the refractor 
and with its axis normal to the direction of the slit, it will elon- 
gate the little circular disk of a star parallel to the slit, or, in 
other words, it will form a luminous line coinciding with the 
direction of the slit, whereas in the opposite case the caustic of 
the cylindrical lens will lie crosswise to the slit. It should 
therefore be placed normal to the slit when observing in conver- 

- ging light, or when placed within the focus of the refractor ; 
while, on the contrary, it has to be set parallel to the slit when 
observing beyond the focus, or in diverging light, in which case 
the caustic of the cylindrical lens coincides with the slit as before. 
And since the rotation of the cylindrical lens causes a change of 
direction in its caustic to the amount of 90°, this motion admits 
of the apparatus being always brought into the proper position, 
whether the cylindrical lens be in the converging or in the diver- 
ging cone of rays of the refractor. 

Bearing in mind that the little observing-telescope and the 
collimator are of equal focal length, it is easy to calculate the 
spectroscopic amplification of the refractor employed. The am- 
plification is equal to twice that of the focal length of the refrac- 
tor, expressed in French inches, when the half-inch eyepiece is 
used, and is equal to the simple focal length when, instead of 
the half-inch, the 1-inch eyepiece is employed. Were the focal 
length of the observing-telescope and of the collimator not equal, 
the amplification would increase as the focal length of the colli- 
mator diminished, and vice versd. 

With reference to the efficiency of the instrument here de- 
scribed, I beg leave, in conclusion, to quote the following pas- 
sage, translated from a letter addressed to me by Dr. Schellen of 
Cologne, on the 27th of September last. The writer therein says, 
“after duly adjusting your refractor of 34 lines aperture, in the 
possession of Herr von Camphausen, I was not only enabled to 
see at once brightly and with great distinctness the lines H a, H6, 
and D 3, but also, on widening the aperture of the slit, to observe 
at different places on the sun’s limb various solar protuberances.” 
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The price of the complete apparatus, with the improvements 
above described, and packed in an elegant case, is 240 Bavarian 
florins, which are equal to £20. : 

I am, Sir, 
Yours respectfully, 

StemunD Merz. 

XX. Estimation of Zinc on Galvanized Iron. 
By Tuomas T. P. Bruck Warren*. 

ANUFACTURED aarticles of iron, when coated with zine, 
are said to be “ galvanized.” The word galvanized was 

probably suggested by the fact that iron covered with zine was, 
in its earlier introduction, produced by means of galvanic action. 

Iron in the form of wire is galvanized by drawing through a 
bath of molten zinc, and in other forms (as sheets &c.) by simple 
immersion or dipping. The surface of the iron being rendered 
chemically clean immediately before coming into contact with the — 
zinc, a portion of the zinc combines with the iron at its surface 
and forms a thin layer of alloy, to which a further quantity of 
zinc readily adheres. The alloy of iron and zinc, when freed 
from the uncombined zinc, is capable of taking up a definite 
quantity of mercury, which, when carefully heated, is again given 
off without any apparent alteration in the alloy. 

The following process, which is based upon these considera- 
tions, is recommended more especially to the notice of telegraph 
engineers for estimating quantitatively the amount of zine on 
galvanized iron wires. 

The wire when weighed is carefully cleaned with dilute sul- 
phuric acid and immersed in mercury for a few hours, or until 
all the zine which is capable of being dissolved is removed. The 
crystalline amalgam, which after a short time forms on its sur- 
face, should be wiped off and the wire left undisturbed at the 
bottom of the mercury for four or eight hours. 

The adhering particles of mercury being removed, the wire is 
well rubbed with a chamois leather and weighed. The loss} will 
not only show the extra quantity of zinc on the wire beyond what 
is actually required for producing a chemically galvanized sur- 
face, but will expose those parts of the wire to which the zinc has 
not combined and which would in a short time scale off. ‘The 
wire, if properly galvanized, should be uniformly coated with 
amalgam, and present a bright silvery appearance when rubbed. 

This wire is now heated so as to expel the mercury, and again 

* Communicated by the Author. 
Tt To this must be added the weight of mercury retained by the sii! 
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weighed when cooled. From this loss we may obtain with tole- 
rable exactness the amount of zinc which remains, and which 
immersion in mercury will not remove. 

This quantity of zinc appears to be combined with the iron, as 
it does not volatilize, and becomes very imperfectly oxidized when 
exposed for some time to a red heat under access to air. 

The existence of the zinc, after this treatment, may be shown 
by the readiness with which the iron wire again takes up mer- 
cury, and admits of being polished. The smallest quantity of 
zinc remaining on the wire becomes immediately visible by its 
lustrous appearance when rubbed after immersion in mercury: 
when the whole of the zinc is removed, the wire ceases to give a 
silvery appearance. The removal of the zinc immediately in 
contact with the iron can only be effected by the oxidation of the 
iron and zinc together. 

Repeated experiments prove that this quantity of zinc, which 
is combined with the iron, can be readily ascertained from the 
quantity of mercury which sublimes when the wire is held in a 
non-oxidizing flame. The mean of several observations shows 
that the mercury is taken up in the proportion of eleven parts to 
seven parts of zmc. The difference between the extremes from 
which this mean is taken is 025 in eleven parts mercury. The 
proportion of zinc has been verified by analysis in the humid way. 

The following experiment will more clearly illustrate the ope- 
ration of the test :— 

Weight of galvanized wire . . . =50 graius. 
Weight after immersion in mercury =46 _,, 
Weight after expellmg mercury. . =409 ,, 

This will give 5 grains for the weight of zinc removed by immer- 
sion in mercury. 

Weight of mercury taken up by alloy =1 grain, 

which will represent 0°46 grain of zinc combined with the iron. 
Consequently 50 grains galvanized iron wire contains 5°46 grains 
zinc, of which only 0:46 is in chemical combination. 

In all the specimens examined, the irregularity in the thickness 
of the zinc was so great that no reliance can be attached to its 
estimated value. 

Tamworth House, 
Mitcham Common. 
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XXI. Researches on the Specific Heats, Densities, and Expansions 
of some Liquids. By C. Marienac*. 

Part I. Speciric Hearts. 

AAT BEN narrating, In a previous memoir}, some prelimi- 
nary researches upon the part played by water in saline 

double decompositions, and its influence on the thermal effects 
which accompany them, I noticed some apparently very simgular 
facts, but could not yet regard them as certain, since in my 
calculations I had not taken account of the specific heats of the 
solutions employed. 

Intending subsequently to resume their examination by more 
rigorous methods, I undertook a series of researches on the spe- 
cific heats of the solutions. I was not then aware that M. 
Thomsen had been for some time engaged in a work of the same 
kind and had nearly brought it to a conclusion. He has just 
announced that the results of his observations (of which he has 
already given a summaryf) will shortly be published. 

Although this publication almost renders unnecessary the 
continuation of my work, and mine are still far from being so 
comprehensive as M. Thomsen’s researches, I wish to state the 
results at which I had already arrived; for several of the com- 
pounds on which I have been occupied have been likewise the 
subject of his experiments, and it will not be uninteresting to 
compare results which, obtained by very different methods, will 
show, if one may judge from those he has already published, a 
very satisfactory accordance. I have also examined some solu- 
tions to which, perhaps, he has not turned his attention, and 
which will lead me to add some general observations to those 
which he has already presented. 

For the determination of the specific heats of aqueous solu- 
tions, I have used one of the most simple and well-known me- 
thods: it consists in measuring the rise of temperature produced 
in an ascertained weight of liquid by the introduction of a 
heated body. 

Two objections have been made to this method, impugning its 
accuracy. 

The first is founded on the difficulty of knowmg exactly the 
temperature of the body which is immersed in the liquid, or 
rather (for I shall show, further on, that in operating as I have 

* Translated from the Archives des Sciences Physiques et Naturelles for 
November 1870. 

t Arch. des Sci. Phys. et Nat. vol. xxxvi. p. 319. ii 
{ Berichte der Deutschen chemischen Gesellschaft zu Berlin, 1870,p.716; 

and Archives, vol. xxxix. p. 153. 
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done, this knowledge is of little importance) of being perfectly 
sure that it has always the same temperature. 

To remove this difficulty, I use as source of heat a mercurial 
thermometer with a large reservoir. Asitis important that the 
heat be transmitted as rapidly as possible, I have had thermo- 
meters constructed the reservoir of which is formed of a tube of 
9 millims. internal diameter, and about 50 centims. long, spirally 
coiled, so as to admit of being entirely immersed and agitated in 
a cylindrical vessel containing from 150 to 250 cubic centimetres 
of liquid. The value in water of these thermometers varied from 
15 to 21 grammes. The transmission of the heat was suffici- 
ently rapid for the maximum to be reached in 30 seconds. The 
stems of these thermometers were graduated in divisions of about 
a millimetre, of equal capacity, and corresponding to about 5% 
of a degree. 

Before the experiment, the thermometer is heated, in a stove, 
to a few degrees above the temperature at which it is mtended 
to be immersed in the liquid. Itis then taken out and gradually 
approached to the vessel, and the immersion takes place the 
moment the mercury arrives at the point determined. I do not 
think that the error which one may commit in operating thus 
will amount to a quarter of a division (,, of a degree); and as 
the thermometer was immersed at a temperature about 40° 
above that of the liquid of which the heating was to be mea- 
sured, it is evident that the possible error from this source could 
not exceed 5,55: 

The second and more serious objection is the inexactness of 
all the methods proposed for correcting the errors produced by 
the radiation of the vessel which serves as calorimeter. But 
there is a very simple means of rendering correction needless. 
Instead of comparing, as has generally been done, the variations 
of temperature produced by the same source of heat in arbitrary 
weights of water and the liquid whose specific heat we wish to 
measure, it is sufficient to reverse the problem, and determine 
the relative weights of water and of the liquid which undergo 
the same alteration of temperature by the addition of the same 
quantity of heat. In this way, and especially if the experiments 
are made immediately after one another, in the same atmospheric 
conditions, the influence of all exterior causes acts in precisely 
the same manner in each case, and consequently involves no 
perturbation. 

Besides, it will be understood that here absolute identity of 
temperature is not requisite. Provided that, in the two experi- 
ments compared, the temperatures differ by only a few hun- 
dredths of a degree (which it is very easy to ensure after a single 
preliminary experiment), all correction may Le dispensed with. 
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The variation of temperature produced in the liquid by the 
immersion and agitation of the heated thermometer was mea- 
sured by a very sensible thermometer, the divisions on which 
corresponded to 51, of a degree, and which was read by means 
of a horizontal telescope. 

The saline solutions were contaimed in a silvered brass cylin- 
drical vessel, of which the value in water had been determined 
by previous experiments, and found to be 13 grammes, including 
the thermometer. However, even a notable error in this value 
would only involve a scarcely perceptible one in the result of the 
experiments, since it would affect equally the specific heats of 
water and the solution compared with it. 

For strongly acid liquids I used a vessel of very light glass, of 
which the equivalent in water was 14-9 grammes. 

To avoid as much as possible accidental and variable external 
influences, these vessels were suspended by their spread upper 
brim, by means of a tin plate perforated with a circular hole, in 
the middle of a large cylinder of the same metal, itself immersed 
in water at the surrounding temperature. 

For the experiments to be perfectly comparable, it is neces- 
sary to wait, before commencing them, till the temperature of 
the liquid in the calorimeter is quite stationary under the influ- 
ence of the external radiation and of the superficial evaporation. 
This makes the first experiment of a day rather long; but it is 
easy afterwards, by followimg the course of an exterior thermo- 
meter, to bring the liquid immediately to such a temperature 
that it will not vary sensibly during a much longer time than 
the duration of a determination. 

When about to commence this investigation, I thought it 
would be sufficient for me to determine by a series of trials made 
upon water an empiric relation expressing, for each difference 
between the temperature of the heated thermometer and the 
temperature of the bath, the ratio of the quantities of heat given 
up by the first and gained by the second. But I had to abandon 
this idea, and to compare directly the experiments made on each 
solution with similar experiments, made immediately before and 
after, on water. 

In fact, I have remarked that, while all the determinations 
made in one and the same day, or sometimes in two consecutive 
days when the atmospheric conditions have not changed, are in 
general very accordant, it is not quite so satisfactory when ex- 
periments made at periods somewhat more distant are compared, 
even when the conditions of temperature are the same. This 
may be due either to atmospheric influences other than the 
temperature (for example, the hygrometric state of the air), or 
to the fact that, at periods a little distant, one does not preserve 
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the same uniformity in the movements necessary for immersing 
and agitating the heated thermometer in the bath. 

As each experiment could be made very rapidly, the determi- 
nation of the specific heat of each solution was always repeated 
at least five or six times; and the determination was made by 
comparing the results with those of as many alternate similar 
experiments on water. 

In reality this does not render the determinations laborious, 
except in appearance ; for in order to compare experiments made 
on a solution with those made on water, several days intervening 
between the two series, it would be necessary to compare almost 
daily the thermometer of the calorimeter and the heated ther- 
mometer with a standard one; now this comparison, to attain 
the necessary degree of precision, would take at least as much 
time as the experiments relative to the determination of the spe- 
cific heats. 

In short, it ought to be remarked that this mode of operating 
not only has the advantage of rendering all correction needless, 
and of avoiding the errors that might result from a displacement 
of the zero in the thermometers used, but also renders insensible 
those which might be caused by an imperfection in the gradua- 
tion of the thermometers—an imperfection which it is impossible 
completely to avoid in experiments where an error of >> of a 
degree has a very sensible influence on the results. In compa- 
rative experiments on water and another liquid, if the heating is 
the same in both cases, and if the initial and final temperatures 
are, within a few hundredths, the same in the one as in the 
other, the determination is affected by the errors of graduation 
of the thermometer to the exceedingly slight amount of only a 
few hundredths of a degree. 

As the promised speedy publication of the memoir of M. 
Thomsen on the same subject diminishes greatly the importance 
of my own researches, [ do not purpose to give in detail the 
numbers of all my experiments, but shall merely indicate the 
mean results. 

I will nevertheless, in order to give the means of judging the 
course I have pursued and the agreement presented by the dif- 
ferent observations, state in detail the experiments which refer 
to two series of determinations. I take as examples those on the 
specific heat of the solutions of hydrochloric acid containing, to 
one molecule of acid (HC1=36°5), 50 and 100 molecules of 
water (900 and 1800) respectively. 

The study of these two solutions having taken place on two 
consecutive days, under absolutely similar atmospheric condi- 
tions, I have united im a single series all the experiments made 
on water. 

— ee 
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The calorimeter used was the glass vessel equivalent to 14°9 
grammes of water. The quantity of water was 170 grms. for 
each experiment. The heated thermometer was immersed at a 
temperature T=65°:10. I denote by ¢ and 7?! the initial and 

final temperatures of the calorimeter, and by r the ratio spans 

Water, 170 grammes. 

t. B8, t'—t, T—t'. oe 

19°78 22°26 3°48 41°84 . 12:023 
19°86 23°35 3°49 41°75 11:963 
20:06 23°53 S47 41-57 11-980 
20°12 23°57 3°45 41°53 12:037 
19-80 23°28 3°48 41°82 12:017 
19-69 23°18 3°49 41°92 12-011 
20:04 23°505 3°465 4.1°595 12-004 
19°91 23°385 3°475 41°715 12-004 

The mean of all the above values of r is =12°005. The calo- 
rimeter and the contained water being equivalent to 183 grms. 
of water, 15°402 grms. are deducted as the equivalent of the 
heated thermometer. 

H Cl+50Aq, 182 grms. 

t. i t=. aul t. 

19°92 23°40 3°48 41°70 11-983 
20:01 23°49 3°48 41°61 11:957 
20°10 IS OU 3°47 41°53 11:968 
20:08 23°54: 3°46 A1-56 12°01] 
19:92 23°39 O47 41°71 12:020 
19:92 23°38 3°46 41°72 12°057 

Mean .. . 12:000 

We have, therefore, for the specific heat of this solution :— 

15°402 x 12 —149 
C= TEST RT =() 9336. 

HCl+100 Aq, 176 grms. 
E. ff. t'—t. T-t'. r. 

19°81 23°29 3°48 41°81 12°014 
19°73 23:22 3°49 41°88 12-000 
19:92 23°40 3°48 41°70 11:983 
19:98 += 28°45 3°47 41°65 12:003 
20:02 23°495 3°475 41-605 11:973 

Mean’ ®.n. Woes 

CH 15°402 x eu ~- 14°9 _ 0.9650. 
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I do not think the error of these determinations can exceed 
0-002, including that which may depend on the preparation of 
the solutions, to which, however, I devoted the greatest care. 

Having given my reasons for thinking my method very accu- 
rate as well as very simple, I am bound to mention a grave in- 
convenience attending it, which I do not regard as insurmount- 
able, but which I have not yet succeeded in removing, and have 
consequently been for some time hindered in the application of 
the process. 

The construction of thermometers with reservoir in the form 
of a very close helix is attended with great difficulties; and 
the clever maker who supplied me with them appears to have 
been obliged to take for the purpose tubes of rather thick glass. 
It results from this thickness, and the torsion they have under- 
gone, that they are extremely apt to break when subjected to 
the abrupt changes of temperature produced by the sudden im- 
mersion, although these changes have never exceeded 45°. None 
of them has been capable of withstanding a very long series of 
experiments. Yet I think it would be possible to make them of 
thinner glass, so that they could support these abrupt transitions. 

Wishing to determine the specific heats of some solutions in 
sulphide of carbon, I was obliged to abandon the preceding me- 
thod, which was unsuitable for so volatile aliquid. In this case 
I operated in the following manner :— 

The solution is contained in a glass balloon of 40 cubic centims. 
capacity. A very sensitive thermometer indicates the tempera- 
ture. The neck of the ballcon is sufficiently narrow to be nearly 
filled by the stem of the thermometer ; a thin tube of caoutchouc, 
squeezed between the two, closes it exactly. 

The liquid having been heated to a temperature a little above 
that at which the experiment is to commence, is cooled by con- 
tinual agitation; and the moment the thermometer marks the 
degree determined, the whole is immersed in the calorimeter, 
which is arranged as in the preceding experiments and contains 
from 140 to 150 grms. of water. Of this a second thermometer 
indicates the initial temperature (which should be quite station- 
ary under the influence of exterior causes), and its rise in conse- 
quence of the heat communicated by the heated solution. Care 
is also taken to agitate the balloon in the calorimeter continually 
till the maximum is reached. 

Further, all correction is dispensed with, as before, by com- 
parison with other experiments, under the same conditions, made 
with a liquid of known specific heat. 

This process does not yield such accurate results as the pre- 
ceding, on account of the greater duration of the experiments ; 
for the maximum, instead of being attained in 30 seconds, is 
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only reached at the end of three or four minutes, so that the 
slightest difference in the action of exterior causes, or in the 
agitation of the balloon, may exercise a perceptible influence on 
the result. Very concordant results are nevertheless obtained 
when the external temperature remains nearly constant, provided 
great care is taken to keep the temperature of the calorimeter, 
for more than five minutes, absolutely invariable. 
By reason of the small specific heat of sulphide of carbon, I 

should have been obliged, if I had wished to make use of water 
in the experiments for comparison, to put only 10 grammes of it 
into the balloon, which would not have been sufficient to com- 
pletely bathe the thermometer ; and it is to be feared that, under 
these conditions, the experiments would have been hardly com- 
parable. I therefore preferred to take for comparison sulphide 
of carbon itself, a liquid the specific heat of which is well known. 
M. Regnault has determined very carefully, and has given the 
following formula for the calculation of the quantity of heat ne- 
cessary to raise its temperature from 0 to ¢° :— 

Q=0:2352314¢ + 0°00008 143131 7?. 

By means of this formula it is calculated that the mean spe- 
cific heat, between 17° and 44°, the limits of my experiments, 
is 0:2374, The experiments of M. Hirn* indicate a rather 
higher number ; for he finds 0:23878 for the specific heat at 30°. 
I have adopted the mean number 0°238. 

Before commencing the determinations which relate to these 
solutions, I made a great number of preliminary determinations 
on water, in order to know the conditions necessary to be fulfilled 
to make them comparable. 

I ascertained that as long as the quantity of water in the bal- 
loon remains the same, we may vary its temperature at the 
moment of immersion, even to a considerable degree, without 

Lee 
t!—t’ 

so that all the experiments made in these conditions lead to the 
same number for the equivalent in water of the balloon and the 
thermometer contained in it. 

But if we change the weight of water in the balloon, we find 
a different number to express the equivalent in question, and 
the new series of experiments is not comparable with the former. 

It is easy to account for these results, if we remark that there 
are two principal causes of loss of heat—the exterior radiation 
of the calorimeter, and the fact that, at the moment the maxi- 
mum is indicated, the liquid in the balloon has still a tempera- 
ture higher than that attributed to it m the calculation when it 
is supposed to be brought to the temperature of the calorimeter. 

* Ann. de Chim. et de Phys. 4th Series, vol. x. p. 84. 

producing any sensible change in the value of the ratior = 
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Now the time occupied by the experiments remains the same 
whatever the elevation of temperature obtained, since the maxi- 
mum is attained, towards the end, so much the more quickly as 
the excess of temperature, being greater, determines a stronger 
radiation. Hence the first of the causes of loss above mentioned 
is nearly proportional to the elevation of temperature attained, 
so that the ratio of the variations of temperature of the balloon 
and of the calorimeter is always reduced by it in the same pro- 
portion ; consequently the ratio remains constant for all the ex- 
periments of one and the same series. 

As to the loss of heat produced by the second cause, it is pro- 
portional both to the amount by which the interior temperature 
exceeds the exterior (and this will be proportional to the heigh 
of the temperature of the calorimeter), and to the weight of 
water contained in the balloon. 

It follows that only those experiments can be compared in 
which the liquid contained in the balloon represents the same 
value in water, but it is not necessary that the initial temperature 
shall be always the same. 

Consequently I united in one series all the experiments made 
at different times on pure sulphide of carbon, to deduce from 
them the value of the balloon and the thermometer, only taking 
care to use always nearly the same weight of that liquid (about 
43 grms.), and afterwards to take of the various solutions weights 
equivalent to that quantity as regards their specific heat. 

In stating the results of my observations, I will commence 
with the aqueous solutions. 

For the formule of compound bodies I have adopted the atomic 
notation, hydrogen being taken as unity; they are therefore 
identical with those of M. Thomsen. 

In the Tables of results I designate by 
n the number of molecules of water to one molecule of the 

substance dissolved ; 
c the specific heat of the solution per unit of weight ; 
p the molecular weight of the solution ; 
C=pce the molecular heat, both that given by experiment, and 

that resulting from an empiric formula indicated further on 
for each case. 

A final column gives the value of C—18n; that is, the dif- 
ference betweev the molecular heat of the solution and that of 
the water contained in it. To obtain these differences I have 
used the values of C calculated by means of the interpolation- 
formula, in order that the law of their progression might not 
be masked by the uncertainty of the values of C given by expe- 
riment in the case of very dilute solutions. 

Although I give inthe Tables the value of ¢ to four decimals, 

eas 
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to represent with fidelity the means of my experiments, I admit 
that the fourth may very well be suppressed ; but I think that 
the third should be, within one or two units, accurate. 

Sulphuric Acid. 

The acid used in my experiments had been purified by distil- 
lation and brought exactly to the state of a monohydrate by 
repeated congelation, until it no longer presented any sign of 
melting at the temperature of 10°. 7 

For the monohydrated acid, and the mixtures of it with 5, 10, 
15, and 25 equivalents of water, it was necessary to use a glass 
vessel instead of the metallic one which served for the other ex- 
periments. The results are comprised in the following Table :— 

H? 0, SO3+n Aq. 
C 

A 
a me eS 

nN. Cr: p. Observed. Calculated. C —18n. 
0 0°3315 98 32°5 
4) 0°5764 188 108°4 108°4 +184 

10 0°7212 278 200°5 200°5 20'5 
15 0°:7919 368 291°4: 290°2 20°2 
25 0°8537 548 468 468 18 
50 0°9155 998 914 914 14 

100 0°9545 1898 1812 1812 12 
200 0:974:7 3698 3604 3610 10 
400 09878 7298 7209 7209 9 

The empiric formula by means of which the above results were 
obtained, and the specific heats of any other solution may be 
calculated, is :— 

C=18n4+ 858+ — sees + bee 
n n 

But it must be remarked that for solutions containing less 
than five molecules of water it would give quite inaccurate results. 

Sulphuric acid is one of the bodies the specific heat of which 
has been already made known by M. Thomsen}. His experi- 
ments are not directly comparable with mine, because he refers 
his solutions to anhydrous sulphuric acid, to which he supposes 
added 5, 10, 20, &c. equivalents of water. But it is easy to 
compare his results with those deduced from the preceding for- 
mula for the molecular heats. We thus find, m having the same 
signification as in the preceding Table :— 

* These values refer to a temperature of from 16° to 20°. 
t Archives des Sciences Phys. et Nat. vol. xxxix. p. 153. 
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n. Calculated. Thomsen. 

4 Be ens 92:7 

9 182°2 182:0 
19 361°2 360°8 

49 896:2 899°6 
99 1794 1795 

199 3092 3591 

The agreement is as satisfactory as could be expected. 
I feared that the method employed in these determinations, 

very suitable for saline solutions or for mixtures of acid with 
water in excess, would involve much uncertainty in the case of 

- sulphuric acid monohydrated or mixed with a very small pro- 
portion of water. 

Indeed, such a liquid tending, instead of evaporating in con- 
tact with the air, to absorb humidity from it and become heated, 
the experiments are no longer made in identical conditions with 
those of the experiments for comparison on water; so that, to 
obtain a temperature stationary at the beginning of an experi- 
ment, the temperature of the acid-bath must be about 4° above 
the atmospheric. Besides, the great difference in specific heat 
of the liquids obliges us to use very different volumes of them. 

This fear induced me to repeat the determinations for the mo- 
nohydrated acid, alone and with from one to five equivalents of 
water, by the second method—the one I used for the solutions 
in sulphide of carbon. 

But then another difficulty isencountered. Hither on account 
of the viscosity of the concentrated acid, or because the greater 
volume we are obliged to put in the balloon in order to have a 
calorific mass equal to that of the water prevents the different 
parts from being so well mixed by the agitation, the transmis- 
sion of the heat to the water of the calorimeter takes place more 
slowly. Now, if the experiment lasts longer, the losses by ra- 
diation are no longer identical. This inconvenience can be 
remedied, after some trials, by so regulating the velocity of the 
agitation of the balloon in the calorimeter that each of the ex- 
periments shall occupy the same time. 

This second series of experiments gave the following results, 
expressing the specific heat between 20° and 56° :— 

n. os p. C. C—18n. 

0 0°3363 98 30 
] 04411 116 51:2 33°2 
3 0:5056 152 76°8 22°83 
4) 0°5833 188 109°7 7 

Let us now compare these results with those of the preceding 
experiments or obtained by other observers. 
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H?0 S03. I found :— 

c=0°3315 between 17° and 22°; 
C0336 FeO ww 6: 

These numbers confirm one another, their difference being just 
that which should result from the difference of the temperatures. 

Previous determinations had given :— 

03095, Person*. 
0:343 between 21° and 46°, H. Koppft. | 
03413 ,, #413 ,, 77, Pfaundlert, old determinations. 
0:355 » 22 ,, 80, Pfaundler§, recent experiments. 

It may also, by analogy, be concluded, from the whole of the 
observations of the last-mentioned savant with respect to the 
highest temperatures, that the result would have been about 
0°352 between 22° and 60°. 

We see that my results are a little lower than those obtained 
by MM. H. Kopp and Pfaundler. Supposing that they used 
in their experiments sulphuric acid merely concentrated by pro- 
longed boiling, this alone would go far to explain the difference. 
In fact, such an acid contains =, of an equivalent of water too 
much. We should therefore have, starting from the result I 
obtained for the monohydrated acid (namely, c=0°3363 and 
C=33) :— 

99°5 for the molecular weight of the acid concentrated by 
boiling, 

34°5 for its molecular heat, and 
0°3467 for its specific heat. 

H? 0, SO?+Aq. I find e=0°4411 between 20° and 56°. 

This result agrees exactly with the last observations of M. 
Pfaundler ; for he obtained 

0:447 between 22° and 80°, 
O44 og 88 ey 

H? 0, SO?+5 Aq. I obtained 

0:5764 between 15° and 19°, 
05833.) Tope ee: 

The difference between these results appears to correspond 
well with that between the temperatures. 

The results, therefore, of these determinations seem to me to 
confirm those of the first series. 

It will moreover be remarked that these experiments confirm 
* Ann. de Chim. et de Phys. 8. 3. vol. xxxiil. p. 437. 
T Pogg. Ann. vol. Ixxv. p. 98. 
t Journ. fiir prakt. Chem. vol. ci. p. 507. 
§ Berichte der Deutsch. chem. Ges. zu Berlin, 1870, p. 798. 
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completely the curious fact established by M. Pfaundler, that 
the first equivalent of water added to monohydrated sulphuric 
acid increases the specific heat by a quantity precisely equal to 
that of the water added, while for every further dilution there is 
a very considerable loss of specific heat. This is probably con- 
nected with the existence of the bihydrate as a perfectly definite 
compound. 

Sulphate of Soda, Na#O, SO?+7 Aq. 

C 
g a , 

nN. c. p. Observed. Calculated. C—18n. 

50 0:8890 1042 926:3 926°3 +26°3 
100 0:9345 194.2 1815 1815 +15 
200 0:9625 3742 3602 3602 + 2 
400 0:9805 7342 7199 7193 —7 

A solution with 40 equivalents of water crystallizing at the 
ordinary temperature. I have not been able to operate on solu- 
tions more concentrated than that containing 50 equivalents. 

The first three determinations lead to the formula 

C=18n—16°34+4 a — Salas 
n 

We see that for solutions containing more than 200 molecules 
of water the specific heat is less than that of water alone, and 
that the specific heat is always diminished by the addition of 
water to a solution of sulphate of soda. 

Observations on the specific heats of these solutions have 
already been published by M. Schiiller*. His experiments were 
not made on solutions of the same standard as those which I 
examined ; but he has deduced from his results an empiric for- 
mula by which the specific heat may be calculated for all propor- 
tions of salt dissolved. This calculation, applied to the solutions 
which I have studied, would give the following results, which I 
have placed opposite to those obtained by me :— 

Observed. By Schiiller’s formula. 

Na?0,S$02+ 50Aq 0°8890 0:8916 
» +100, 0:9845 0:9392 
ee | £20059 7. 09625 0:9678 
» +400 ,, 0-9805 0:9835 

The differences, especially for the solutions with 100 and 200 
equivalents of water, appear to me to exceed the errors possible 
in my experiments. | 

* Poge. Ann. vol. exxxvi. p. 70. 

Phil. Mag. 8. 4. Vol. 41. No. 271. Feb. 1871. L 
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Bisulphate of Soda: ue O, SO? +n Aq. 

C 
See ee 

N. Ce p- Observed. Calculated. C—I18n. 
29 0:8683 570 495 495 +45 
50 0:9146 1020 933 933 +33 

100 0:9497 1920 1823 1823 © +23 
200 0:9719 3720 3615 3618 +18 

The empiric formula calculated from the first three determi- 
nations is 

Cie oe 
17 

It is interesting to compare the molecular heats of solutions, 
at the same strength, of sulphate of soda, bisulphate, and sul- 
phuric acid. 

oy H?.0, SO*. — 0, 0%. Na?0, SO. : 
25 468 495 
50 914 933 926 

100 1812 1823 1816 
200 3610 3618 3602 
400 7210 wea: 7194 

The molecular heat of solutions of bisulphate is always more 
than the half of the sum of those of sulphuric acid and the neu- 
tral sulphate. The specific heat is therefore always augmented 
by the mixture of solutions of sulphuric acid and sulphate of 
soda. This fact is connected with the lowering of temperature 
produced by that mixture. 

Hydrochloric Acid: HC1l+ Aq. 
C 

Clare aC. 
n. c. p. Observed. Calculated. C—18n. 

6:25 0°6687 149 99°6 996 —12°9 
12:5 0°7881 261°5 206°1 2061 —189 
25 0°8787 436'5 427°5 426°3 —23:2 
50 0:9336 936°5 874°3 8743 —25:7 

100 0:9650 1836°5 1772 1773 —27 
200 0:9835 3636°5 3576 3572 —28 

The molecular heat may be calculated by the formula: 

C=18n—28°39 + a ae — 

Hence the specific heat of solutions of chlorhydric acid is 
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always less than that of the water by itself which they contain. 
This is true even of the most concentrated solution I have ex- 
amined, which contained 24°5 for 100 of acid. There is thus 
always a diminution of specific heat by the mixture of the water 
with these solutions. 

Hydrochloric acid is one of the bodies for which the results 
obtained by M. Thomsen have been already published. Here 
is the comparison of the molecular heats found by that savant 
with those indicated by the formula deduced from my experi- 
ments :— 

n Thomsen. Calculated. 
10 162 162°9 
20 338'5 338 
50 872 874: 

100 1769 1773 
200 3057 3572 

The differences little exceed the errors possible on the one side 
and the other, except for the solution with 200 molecules of 
water. 
The result obtained by M. Thomsen for this solution appears 

to me very low: it would suppose a singular anomaly in the law 
of the progression of the differences C—18n. 

Chloride of Sodium: NaCl+n Aq. 
C 

ponerse es NN 
f i aps a 

N. c. p- Observed. Calculated. C—18n. 
12:5 0:8100 283°5 229°6 2296 + 46 
25 0:8760 508°5 445 °5 445°5  — 45 
50 =: 09280 958°5 889°5 888°3.  —11°7 

100 09596 1858°5 1783 1784 —16 
200 0:9782 3658°5 3578 3582 —18 

The molecular heat is expressed by the formula 
481 2100 C=18n—20:45 4+ —- ——; 
nr nr 

Inspection of the last column shows that the dilution ofa so- 
lution of chloride of sodium always occasions a diminution of the 
molecular specific heat. A solution contaiming about 18 mole- 
cules of water to 1 of the salt has the same specific heat as the 
water which it contains ; but the specific heat of more dilute so- 
lutions is less than that of the water contained in them. 

Solutions of chloride of sodium have also been studied by M. 
Schiller. From his experiments their specific heat may be ex- 
pressed by the formula 

ces 100+ 0:214:p 
C=0:9624 100-+p ? 

L2 
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p denoting the weight of the salt dissolved in 100 parts of water, 
and 0°214:the specific heat of chloride of sodium in the solid state. 

This formula is evidently inaccurate for very dilute solutions, 
since the conclusion from it would be that the specific heat of 
those solutions could not exceed 0:9624, however minute might 
be the proportion of the salt. From this formula, the following 
would be the specific heats of the solutions examined by me :— 

nN. p- _ Calculated. Observed. 

12°5 26 0:8063 Q0-8100 
25 13 0°3754 0:38761 
50 6°5 ~ 09162 09282 

100 3°25 0:9386 0:9592 
200 1-62 0:9503 0:9785 

With respect to solutions containing more than 25 molecules 
of water the disagreement is absolute. 

Sugar: C!? H” O!ll+ Aq*. 
C n. c. p. : C—18n. 

25 0°7558 792 598°6 148°6 
50 0°8425 1242 1046 146 

100 09091 2142 1947. 147 
200 0:9500 3942 3745 145 
400 0:9742 7542 7347 147 

Within the limits of errors of experiment, the numbers in the 
last column may be regarded as equal. The conclusion hence 
is, that the specific heat of a mixture of water and a solution of 
sugar is always sensibly equal to the sum of those of the two 
liquids mixed. 

It may therefore be admitted that the specific heat of any so- 
lution of sugar is the sum of those of the water and the sugar, 
that the mean number 147 expresses the molecular heat of sugar 
in the liquid state, and that its specific heat per unit of weight 
is consequently 0°430. 

According to M. H. Kopp, the specific heat of sugar in the 
solid state is 0°301, its molecular heat 103. The ratio of these 
numbers to those belonging to the liquid state offers nothing 
abnormal. 

Solutions in Sulphide of Carbon. 

As mentioned at the commencement of this memoir, all the 
experiments on these solutions were compared with those made 

* Theoretical considerations, to which I shall return at the close of this 
memoir, made me desirous of studying solutions not belonging to the group 
of salts, acids, and bases. In consequence of the difficulty of finding such 
bodies presenting in addition the conditions of great solubility, perfectly 
definite composition, and not combining with water, the aqueous solution 
of sugar is the only one I am aware of suitable for these experiments. I 
used very pure sugar candy. 
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on pure sulphide of carbon, taking for the specific heat of this 
liquid the number 0°238. Five series of observations, made 
during these researches, served to determine the equivalent in 
water of the balloon containing the liquid, with the interior 
thermometer, which showed the temperature stationary at 43°59 
at the moment the balloon was immersed in the calorimeter. 

The calorimeter, in every case, contained 140 grms. of water, 
to which must be added 13 grms. as the equivalent of the vessel 
and the thermometer. The balloon contained about 44 grms. of 
sulphide of carbon, or of each solution a weight determined by 
a preliminary experiment to obtain always the same heating of 
the calorimeter. 

Sulphur: S+n C8? 
n. c p. C. C—18'ln. 
it 0:229 108 24:7 6:6 
2 0°232 184 42°8 6°6 
4 0:232 336 hia 5°5 

10 0:2385 792 186:0 5:0 

18:1 represents the molecular heat of sulphide of carbon; the 
last column expresses therefore the amount by which the pre- 
sence of an atom of sulphur increases the specific heat of the 
solution. 
_ According to M. Person, the specific heat of melted sulphur, 
between 120° and 150°, is 0°284,; its atomic heat is therefore 
7-5; but the number would certainly be less, if it could be de- 
termined at a temperature of from 18° to 43°. 

Thus the atomic heat of sulphur dissolved in sulphide of car- 
bon is only a little less than that of melted sulphur, and is 
diminished in only a slight proportion by a considerable dilution : 
in fact 4he last solution contains only 4 per cent. of sulphur. 

Phosphorus: P+nCS*. 
Cc n. , D. ©; C—18'ln. 

i 0-219 50 10-9 6-4 
i 0-222 69 15°3 6:3 
1 0-225 107 24-2 6-1 
2 0-229 183 41-9 57 
4 0-2295 335 76-9 45 

According to M. Person, the specific heat of melted phosphorus 
would be 0:2045, consequently its atomic heat 6:3. 

Phosphorus enters, then, with all its specific heat into con- 
centrated solutions in sulphide of carbon. This heat diminishes 
gradually, but very slightly, im solutions more and more dilute. 
Bromine.—I first determined, as a means of control, the specific 

heat of liquid bromine compared with sulphide of carbon. For 
this purpose I had to operate on 90°5 grms. of bromine. 

For its specific heat between 18° and 48°6 I found 0°1125. 
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This number agrees exactly with the determimations of M. Reg- 
nault, who found 0°11294 between 13° and 58°. The atomic 
heat is therefore equal to 9. | 

For the specific heat of the mixture’ Br+ CS? (51 per cent. of 
bromine) I found 0°174, and consequently 27:1 for the molecular 
heat. This is exactly the sum of the heats of the two liquids in 
the mixture. 

Todine: [+n CS?. 
N. C. p- C. . C—18l1n. 
10 0:219 8387 194: 13 
20 0°228 1647 376 14 

According to MM. Favre and Silbermann, the specific heat of 
fused iodine is 0°1082; therefore its atomic heat is 13:7. 

Thus iodine is dissolved in sulphide of carbon without its spe- 
cific heat being sensibly diminished. 

A solution with 10 molecules of sulphur, containing 14:3 per 
cent. of iodine, is very near saturation. I could not operate on 
more concentrated liquids. 
We see that all these solutions present a character very dif- . 

ferent from that observed in the aqueous solutions of acids and 
salts. The diminution of specific heat resulting from solution, 
or from dilution when this exists (as in the case of sulphur and 
phosphorus), is always within narrow limits. Above all, the 
molecular heat of these solutions never becomes inferior to that 
of the solvent alone. 

General Observations. 

In the preliminary summary of his great work on the specific 
heats of aqueous solutions, M. Thomsen announces that he can 
deduce from his observations the general conclusion that,a dimi- 
nution of specific heat always results from the mixture of water 
with a solution. 

The generality which he attributes to this law is perhaps de- 
pendent on the fact that all his researches were made upon com- 
binations belonging to one class (hydrated salts, acids, and 
bases). It is known, im fact, that a mixture of water and alcohol 
has a specific heat superior to that of its elements. It results 
from the facts reported in this memoir that solutions of sugar 
have a specific heat equal to that of their elements. It ma 
even be remarked that among the few bodies for which M. 
Thomsen has published the results of his experiments there is 
one which behaves like sugar, viz. ammonia ; certainly the dif- 
ferences do not reach the limits of error admitted by him as 
possible. | 

But, with this reserve, it is nevertheless true that this dimi- 
nution of specific heat is very general, and that its proportion is 
often very considerable. Thus we have seen that a solution of 
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hydrochloric acid containing 24°5 per cent. of acid, or one mole- 
cule for 6:25 of water, has a specific heat about 11 per cent. less 
than that of the water alone which it contains. 

This is a very remarkable fact. Indeed, some years ago* 
M. H. Kopp showed, after a general recapitulation of the re- 
searches made by himself and his predecessors on the specific 
heats of combinations, that the molecular specific heat of any 

_ definite compound, organic or inorganic, is nearly equal to the 
sum of the specific heats of its elements,—the differences being 
either of the same order as the errors of the determinations or 
as the differences which may result from a simple change in the 
physical state of one and the same body. We know, besides, 
from the experimeats of M. Regnault on alloys (that is, on the 
combinations which, by their indefinite composition, seem to 
come the nearest to solutions), that they are subject to the 
same approximate law. 

It seems, then, that we are justified in regarding this as a 
general principle. How is it that it does not apply to solutions ? 
Two hypotheses may be made on this subject :— 

This anomaly may be due to a purely physical cause. The 
laws resulting from the observations of MM. Regnault and 
Kopp refer to the solid state of compound bodies; perhaps they 
are true for that state only. 

But if this were the fact, all solutions ought to behave in the 
same manner and present an analogous diminution of specific 
heat in proportion as the dilution is increased. Now we have 
just seen that it is not so. There is sometimes an increase in 
the specific heat ; and in other cases it remains equal to that of 
the liquid mixed. The chemical nature of the bodies evidently 
exercises a great influence on these phenomena; they must, 
then, have a chemical cause. 

We are thus led to the second hypothesis. The specific heat 
of a solution ought always to be equal to the sum of the specific 
heats of the bodies mixed, except the small variations resulting 
from modification of the physical properties (cohesion, dilatabi- 
lity, &c.). But most solutions have a very unstable chemical 
constitution, and one that varies both with the degree of dilu- 
tion and with the temperature. Every change of temperature 
involves, then, a change in the chemical constitution, a chemical 
work, which is itself the source of an absorption or a disengage- 
ment of heat. This, of necessity, augments or diminishes by so 
much that which must be transmitted to the solution to change 
its temperature, and consequently its apparent specific heat. 
Therefore the difference between the specific heat of a solution 
and the sum of those of its elements will be the proof, and ap- 

* Annalen der Chemie und Pharmacie, Suppl. vol. ui. p. 1. 
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proximately the measure, of the work produced by the chemical 
reaction determined by the change in the temperature of the 
liquid. 
We ought hence to conclude that, for example, when a mix- 

ture of water and alcohol is heated, there is produced between 
these bodies a reaction by which heat is absorbed, while solu- 
tions of saline compounds undergo, when their temperature is 
raised, a chemical transformation which disengages heat ; finally, 
certain solutions (as the aqueous ones of ammonia and sugar, 
and the solutions of simple bodies in sulphide of carbon) should 
present no change in their chemical constitution at different 
temperatures. . 

It would be venturing too far into the domain of hypothesis 
to attempt to state precisely the nature of the chemical reactions 
that may be determined by change of temperature in a solution. 
It may be that they affect only the state of combination, more 
or less intimate, of the solvent and the body dissolved; but it 
is possible that they may be of a nature more profound, and in 
certain cases affect even the composition of the body dissolved— 
for example, that a chloride may be transformed ito a hydro- 
chlorate. It is certain, however, that if two classes be made, 
the first including those bodies the dissolving of which induces a 
considerable change in their specific heats, the second those 
which are not so affected, it will be remarked that the latter are 
of such a nature that it is impossible to suppose any alteration 
produced in their chemical constitution, and that nothing seems 
to indicate that they can form definite combinations with the 
solvent* ; while the same cannot be said of the saline compounds, 
acid or basic, all of which belong to the first class. 

Besides, I do not pretend to be the first to advance this hypo- 
thesis. J cannot say where it is first to be found; but the 
same idea is expressed by M. Pfaundler in anote on the specific 
heats of the first three hydrates of sulphuric acidt+. Having: 
ascertained that the addition of one molecule of water to the 
monohydrated acid augments the specific heat by a quantity 
equal to that of the water added, while the addition of a se- 
cond molecule only increases it by a little more than half 
that quantity, he thence concludes that probably the action 
of the heat determines a chemical modification in the solution 

* Ammonia (which, from M. Thomsen’s experiments, belongs to this 
second class) seems, at first view, to form an exception, its chemical cha- 
racter giving an air of probability to the notion that it would combine 
with water ; nevertheless the properties of the solution, and its total de- 
composition by spontaneous evaporation, have always caused the rejection 
of the idea that it could be regarded as a combination. 

t+ Journ. fiir prakt. Chem. vol. ci. p. 507. 
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containing three molecules of water, which changes its appa- 
rent specific heat. 

Pursuing the same hypothesis, he has more recently* pro- 
posed the study of the specific heats of solutions and their ele- 
ments as a means of determining the degree of dissociation 
produced in them by heat. I cannot, however, share his 
opinion of the results to be expected from this study ; for his 
calculations rest upon a principle the accuracy of which is not 

_ demonstrated—namely, that the heat disengaged by the total 
combination of the two bodies would be the same at all tem- 
peratures. ; 

It must be acknowledged that this hypothesis of a change in 
the chemical constitution of solutions according to the tempera- 
ture removes a great difficulty. It very easily accounts for what 
takes place in a mixture of water and alcohol. The combination 
of these two bodies disengages heat; it seems very natural to 
admit that the rise of temperature of the mixture determines a 
dissociation, which must necessarily absorb heat and conse- 
quently increase the apparent specific heat. On the contrary, it 
is difficult to conceive that the rise of temperature of a mixture 
of water and sulphuric acid determines a chemical action that 
disengages heat—that is to say, a more intimate combination. 

Yet I do not think that this difficulty ought to cause the re- 
jection before-hand of this hypothesis as baseless ; and it appears 
to me useful to enunciate or recall these theoretic ideas at a time 
when several able investigators are directing their researches to 
these questions. 

I will add another consideration which seems to me to de- 
monstrate well the existence of this internal chemical work, deter- 
mined by the change of temperature, in certain solutions. Let 
us compare water and a saline solution, that of chloride of sodium 
for example. This is less compressible than water; therefore 
more work must be consumed to produce an equal change of 
volume without alteration of temperature. But, on the other 
hand, its coefficient of dilatation is much higher than that of 
water, and its specific heat less. For these two reasonsa much 
less quantity of heat is necessary to produce the same change of 
volume accompanied by a rise of temperature. These two facts, 
apparently contradictory, can only be explained by admitting 
that an internal chemical work, determined by the rise of tem- 
perature, has furnished a part of the heat necessitated by the 
dilatation. 

In a subsequent article I will exhibit the results of my study 
of the densities and dilatations of the aqueous solutions the spe- 
cific heats of which have been determined in this memoir. 

* Zeitsch. fiir Chemie, year xii. p. 66. 
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XXII. Proceedings of Learned Societies. 

GEOLOGICAL SOCIETY. 
[Continued from p. 78. | 

June 22, 1870.—Joseph Prestwich, Esq., F.R.S., President, 
in the Chair. 

a following communications were read :— 
10, “ On an altered Clay-bed and Sections in Tideswell Dale, 

Derbyshire.” By the Rev. J. M. Mello, M.A., F.G.S. 
The author describes the sequence of the rocks seen in a quarry © 

in Tideswell Dale as follows :—Beneath a thin layer of surface-soil 
is a bed of Toadstone, containing concretionary balls, and much de- 
composed above; beneath this is Toadstone in large blocks of inde- 
finite shape, very hard, dark-green, and apparently doleritic, nine ~ 
or ten feet thick, passing downwards into a coarse and much de- 
composed bed, partly amygdaloid, partly vesicular, about 1 foot 
thick. Beneath the Toadstone rocks, and without any sharp line of 

_ Gemarcation, is a thick bed of indurated red clay, 3 yards in thick- 
ness, presenting a regularly prismatic columnar structure, resting on 
a thin bed of greenish-yellow clay containing fragments of lime- 
stone, which covers beds of good Derbyshire marbles containing 
corals. The author suggests that the columnar clay-bed may 
perhaps be a local development of that which forms partings in the 
limestone near Litton Tunnel. 

11. “On the Physics of Arctic Ice as explanatory of the Glacial 
Remains in Scotland.” By Dr. Robert Brown, M.A., F.R.G.8., doc. — 

In this paper the author entered into an extended inquiry how far | 
the formation of the boulde’-clays and other glacial remains in 
Scotland and the rorth of England can be accounted for on the 
theory of a great ice-covering having at one time overlain the country 
in much the same manner as it does now Greenland and other 
extreme Arctic countries. Taking the hypothesis of Agassiz as his 
groundwork, Dr. Brown entered into a minute description of the 
present glacier-system of Greenland, and the nature of Arctic ice- 
action, and into an inquiry how far glacial 1emains in Britain 
correspond with those at present in course of formation in G een- 
land and at the bottom of Baffin’s Bay, Davis Straits, and the 
fjords and bays adjoining these seas. ‘These inquiries were com- 
menced in the year 1861, and have been continued at intervals 
ever since, up to the present summer, in various portions of the 
Arctic regions, the continent of Europe, in Great Britain, and in 
North America across to the Pacific. The result of these extended 
recearches have led him to concluce :—1. That the subazoic boulder- 
clay corresponds with the moraine profonde which underlies g'aciers, 
and in all likelihood is the immediate base on which the ice cap of 
Greenland rests. 2. That the fossiliferous, lamiraied, or brick-clays 
find their counterpart in the thick impalpable mud which the sub- 
glacial streams are pouring into the sea, filling vp the fjords, even 
shoaling the sea far out, and, in some cases, absolutely turning ‘ue 
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glaciers from their course into other valleys. Allowing the very 
moderate computation that this impalpable mud accumulates at the 
rate of only six inches per annum, a deposit of fifty feet in a cen- 
tury must form. 

If Scotland was at one time covered with an ice cap, or had gla- 
ciers of any extent (as cannot be doubted), then this deposit must 
have been equally forming, and as a geological formation must be 
accounted for. No difference could be detected between this glacial 
mud and the pre.ent brick-clays; and every fact went to show that 

-it was to this that we must look for the formation of these lami- 
nated fossiliferous clays. The amount of earth deposited on the 
bottom by icebergs was very insignificant indeed, and could in no 
degree account for the boulder-clay, though it was shown that much 
of the boulder-drift in some places could beso accounted for. It was, 
however, demonstrated that there was a great distinction between 
the boulders which belonged to the morawe profonde and those which 
were carried off on icebergs as part of the ordirary lateral moraines. 

The fjords, as already partially advocated in a paper in the Jour- 
nal of the Royal Geographical Society (vol. xxxix.), he considered 
due to glacier action, the glaciers having taken possession of these 
fjords when they were mere valleys, when the coast was higher than 
now. He further showed that the American explorers are in 
error when they describe the coast of Greenland as rising to the 
north of 73°, and subsiding to the south of that parallel. There had 
been a former rise of the coast, and a fall was now in course of 
progress through the whole extent. Whether these had previously 
alternated with other rises and falls is not clearly evidenced by 
remains ; but no doubt exists that a rise preceded the present sub- 
sidence. Numerous facts were adduced in support of this assertion. 
The remainder of Dr. Brown’s paper was occupied in an attempt to 
apply the doctrines regarding the physical action of Arctic ice- 
action to account for the Scottish glacial remains, and to deduce 
therefrom evidence regarding the changes Scotland underwent 
during, and subsequent to, the glacial period. 

ROYAL GEOLOGICAL SOCIETY OF IRELAND. 

A paper was read by Edward Hull, Esq., F.R.S., Director of the 
Geological Survey of Ireland, ‘‘ On the Geological Age of the Bally- 
castle Coal-field, and its relation to the Carboniferous Rocks of the 
West of Scotland.” Read January 11, 1871. 

The object of the paper was to prove that the coal-field of Bally- 
castle, co. Antrim, was referable to the type of the lower coal-field 
of Scotland, and consequently of the age of the Lower Carboniferous 
series—in other words, of the Mountain-limestone. 

The Carboniferous series of Ballycastle, which had been described 
in 1829 by Sir R. Griffith, F.R.S.*, was shown to consist of three 
divisions, in descending order:— 

* Report on the Coal-districts of Tyrone and Antrim, to the Royal 
Dublin Society, 1829. 
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1. The Upper, consisting of massive sandstones, shales, with 
beds of coal, black-band and clay-band, ironstone, &c. (Lingula 
squamiformis). 

2. The Middle, consisting of a thin bed of limestone lying 
between shales, with carboniferous-limestone genera and species 
of shells, crinoids, and corals. 

3. The Lower, consisting of massive reddish grit and conglo- 
merate with thin beds of shale. 

. The author showed that the Carboniferous nineteeee of Ireland 
undergoes in its extension northwards changes similar to those of the 
same formation in Britain when traced from Derbyshire into Nor- 
thumberland and Scotland. The calcareous member thins away and 
is replaced by sedimentary strata of sandstone and shale, showing 
approximately terrestrial conditions productive of coal and ironstone. 
It was thus that in the case of the Glasgow coal-field the limestone 
of Derbyshire, several thousand feet in thickness, was represented by 
only thin bands of earthy limestone interstratified with a thick 
series of grits, shales, &c., with ironstone and coal. In a similar 
manner the Ballycastle coal-field, with only a few feet of limestone 
shown in the cliffs of the Bay, was the representative of the Carbo- 
niferous Limestone of the centre of Ireland, nearly 3000 feet in 
thickness. 

Mr. Hull considered the lower division (No. 3) of the Ballycastle 
beds (as above described) to be undoubtedly the representative of the 
** calciferous sandstone series” of the Geological Survey, which lies 
at the base of the Carboniferous rocks of the West of Scotland, and 
that the middle and upper divisions (Nos. 2 and 1) correspond to 
the Carboniferous Limestone series, or lower coal-field of that country. 

As regards the paleontological evidence, it was in favour of this 
view as far as it had been studied. Out of thirty-three species ob- 
served in the limestone band of Ballycastle Bay, 50 per cent. had 
been described in the Lower Carboniferous rocks of the West of 
Scotland ; and one of the uppermost seams of coal lying above the 
limestone had yielded Lingula squamiformis, a form characteristic of 
the Limestone series in the north of England, Scotland*, and Ireland. 
Mr. W. H. Baily, F.G.S., concurred in the view of the age of these 
beds on paleontological grounds. 

The author concluded by pointing out several features of similarity 
between the Ballycastle beds and the lower coal-series of the West 
of Scotland, such as the occurrence of several beds of ‘‘ black-band ”’ 
ironstone, the hydraulic and earthy character of the limestone of 
Ballycastle Bay, exactly resembling the ‘“‘ Arden” and ‘‘ Cowglen”’ 
bands of Glasgow. Some uncertainty still remained whether there 
were any beds in the Ballycastle district as high in the geological 
series as the millstone-grit, or true coal-measures; but until more 
light could be brought to bear on this question by further explora- 
tion, anda complete investigation by the Government surveyors, the 
author meanwhile regarded the whole series as Lower Carboniferous. 

* John Young, Trans. Geol. Soc. Glasgow, vol. 11. 
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XXIII. Intelligence and Miscellaneous Articles. 

ON SOME HYDRO- AND THERMOELECTRIC FORCES, REDUCED TO 

SIEMENS’S UNIT OF RESISTANCE AND WEBER’S UNIT OF CUR- 

RENT. BY F. KOHLRAUSCH. 

I HAVE made the present research in conjunction with M. A. Am- 
mann. It refers to the electromotive forces of Grove’s and of 

Daniell’s elements, to the combination copper and zinc in dilute sul- 
phuric acid, and the thermo-elements German silver and copper, cop- 
per and iron, and German silver and iron. Where it is not other- 

’ wise specially mentioned, the determinations were made by Poggen- 
dorff’s compensation method. The electromotive forces are throughout 
expressed according to Ohm’s law, e=wi, where the resistance w is 
expressed in Siemens’s units, and the intensity 7 in the magnetic unit 

introduced by Weber. The electromotive forces thus measured I 
shall express by Siemens- Weber. 
To measure the electromotive forces of the hydroelectric circuit, a 

tangent-compass of twenty-four turns was used, the mean diameter 
of which was 258°4 millims. The coils formed a circuit with a rect- 
angular section 27 millims. in breadth and 9-4 millims. in height. 
The magnetic needle was a rectangular magnet 20 millims. in length 
with pointers affixed. 

-I will here give a formula for such a tangent-compass for the 
correction of the first degree, which can be frequently applied in 
galvanometrical measurements. 

If r is the mean diameter of z circular coils which together forma 
circuit with a rectangular section of the breadth 2a and the height 
26, if, finally, 2/ is the distance of the poles of the needle from each 
other (meaning by pole the centre of the free unipolar magnetism), 
then the intensity of the current may be expressed in magnetic mea- 
sure by the formula 

Seid Wie wok Oot de |RSS fe 
ay ia itae 8r 4r =) ang(1t 2 — *9), 

T signifies here the horizontal intensity of the earth’s magnetism, 
and @ the angle of deflection which the current z produces. It is 
presupposed that a, 6, and / are small compared with r. ‘The inten- 
sity of the earth’s magnetism at the place of observation was compared 
with that in this magnetic observatory, and thence determined from 
the secular formula for Gottingen. T was then found =1:902. 
The distance of the poles was assumed to be 19 millims. Hence for 
this tangent-compass 

2=1°631 tan ¢(1 +0°020 sin’ 6). 

A Siemens’s scale was used as rheostat, it having been compared 
with our standards. 

The electromotive forces were found by the method of compensa- 

tion to be as follows :— 
1. Grove’s element (that is, platinum, concentrated nitric acid, 

sulphuric acid of 1:06 sp. gr., freshly amalgamated zinc) 

=19:98 Siemens-W eber. 
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2. Daniell’s element (that is, copper, concentrated solution of 
sulphate of copper, sulphuric acid, and zinc as above) 

=11°'71 Siemens-Weber, 

3. Copper, sulphuric acid, zinc as above, 
= 10°82 Siemens- Weber. 

The first electromotive force of the Grove’s element was also de- 
termined by Ohm’s method, that is, by measuring two intensities, 
different known resistances being inserted, in which the well-known 
enfeeblement of the electromotive force by the current manifests 
itself, although the intensities used only amounted to 1°7 and 0°9 
Weber. 

In Ohm’s method the errors which, when a long needle is used, 
arise from the invalidity of the law of tangents are particularly pro- 
minent. Hence it may be remarked that they may be avoided if 
complementary angles to the two deflections of the needle are taken. 
Combined with the rule for accuracy, that one current must have 
about double the intensity of the other, it follows that it is most 
advantageous to use angles of 35° and 55°, by which at the same 
time the third condition of an accurate measurement is satisfied. 

The thermoelectric forces were throughout determined by the 
method of compensation. By the aid of the electromotive force pre- 
viously found for the Groves’s element, and the great resistances 
which could be used on the Siemens’s scale, the reduction-factor of a 
very delicate reflecting galvanometer was determined in Weber's unit. 
A second galvanoscope with an astatic needle, as well as the Siemens’s 
scale, was used in the experiments to reduce the current in the ther- 
moelement to zero. Siemens’s standards of 1 to 4 units were inserted 
in the circuit of the galvanometer. 

The resistance of the galvanometer itself was simply measured by 
determining *the logarithmic decrement A of the oscillating needle 
when the current was closed, and, further, the decrement ! after a 
known resistance w' had been inserted in the circuit. Moreover the 
logarithmic decrement ),, with an open circuit, was known; for then 
the desired resistance w of the multiplier is 

w=w! Nah, 
A= 

The metals investigated were in hard-drawn wires of about 1 millim. 
diameter. ‘The copper was electrolytically deposited. 

The results are found in the following formule ; for if one junc- 
tion has a temperature of about 16° C., and the other one a tempe- 
rature about ¢° higher, from the observations the electromotive force 
e is found in Siemens- Weber units. 

German silver and copper. 

e=0°0001549 ¢+0:000000291 2?. 

Copper and iron. 

e==0°0000969¢+-0°00000001497?. 

German silver and iron. 

e=0°0002476¢+0°000000196 22. 
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The very close agreement of these three expressions found by 
observation (the latter is almost exactly the sum of the two former) 
gives at the same time a confirmation of the thermoelectromotive 
fundamental law. The differences are smaller than the possible 
errors of observation. 

With what accuracy these expressions agree with the observations 
me. be seen from the following comparison of some results obtained 
by observations with those calculated from the formula. 

i e e 
; observed. calculated. 

59:00 | 0-010156 0010155 
German silver and copper. ) 38:27 | 0:006348 0:006356 

32°40 0°005335 0°005326 
51:07 0:004561 0:004560 

Copper and iron ...... jo 003193 3003180 
29:77 | 0:002739 0002752 
66°45 | 0:0172%5 0:01732 
| ee75 001453 0:01441 

German silver and iron . |< 43:07 | 0°01105 0:01103 
\ 32:80 | 0-00825 0-00833 
(21°80 | 0:00546 0:00549 

Poggendorff’s Annalen, No. 11, 1870. 

ON THE DURATION OF FLASHES OF LIGHTNING. 
BY 0. N. ROOD. (FROM A LETTER TO DR. W. GIBBS.) 

After the completion of my first set of experiments on the dura- 
tion of the discharge of a Leyden jar, I became anxious to make 
some measurements of the duration of a flash of ordinary lightning, 
which may be considered equivalent to the discharge of an im- 
mense jar with an enormous striking-distance. The results of Fed- 
dersen have shown that the duration of the discharge is increased by 
an addition to the size of the jar, as well as by augmentation of the 
striking-distance ; and as both these quantities are so large with a 
flash of lightning, it was reasonable to expect that the duration of 
its discharge would be prolonged in some corresponding ratio. 
During the violent thunder-storm of last August, which occurred in 
the evening, I happened to be at a house commanding an unob- 
structed view of the horizon ; and this circumstance, taken in con- 
nexion with the frequency and proximity of the electrical discharges, 
induced me, although entirely unprovided with apparatus, to at- 
tempt a measurement of their duration. A circular disk, 5 inches 
in diameter, was hastily cut from white cardboard, while a steel 
shawl-pin served as an axis on whichit was made to revolve by con- 
stantly striking its edge tangentially with the right hand, the pin 
being held in the left. The mazimum velocity attainable in this way 
was always employed. ‘The general indications at the time were 
that the rate thus obtained was considerably more uniform than 
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might have been expected; and subsequent quantitative experiments 
have confirmed this idea. The first experiments were made by ob- 
serving black figures traced near the circumference of the disk, 
which was illuminated solely by the rapidly recurring flashes ; and 
it often happened that the figures, with their details, were seen quite 
as clearly and sharply as though the disk had been stationary; on 
the other hand, sometimes the edges seemed blurred, as though the 
disk had moved through a few degrees during the act of discharge. 
The result being doubtful, the mode of experimenting was quickly 
changed; about fifteen narrow radial apertures were made near the 
circumference of the disk, and the flashes and illuminated clouds 
were observed through these openings, the disk being made to re- 
volve as before. The distance of the eye from the apparatus was 
about § inches; and it was of course adjusted so as to obtain distinct 
vision of the disk. The result was that sometimes the openings 
were seen quite unchanged in appearance, but more frequently they 
were most distinctly elongated into well-defined streaks some de- 
grees in length. They were observed often and without difficulty ; 
but, as further confirmation, I may add that I requested Professor 
Joy, who was ignorant of the actual form of the aperture, to state 
his opinion of their apparent shape while the disk was in rotation. 
The reply was that they resembled Prince Rupert’s drops, a not un- 
‘fair description of the phenomena in question. Repeated estimates 
of their size were then made with paper and pencil. Some time 
afterward I measured the velocity which I could communicate to 
this disk in the manner above described, by attaching to it a small 
hollow axis through which the steel pin passed, the disk being then 
caused to wind up a thread stretched by a small weight. The rate 
of rotation thus attainable was found to be about twelve revolutions 
per second, which is a little more than I had anticipated. The ave- 
rage size of the streaks was 9°, corresponding to a duration of 74, 
of asecond. It hence results that the duration of the flashes of 
lightning on the occasion referred to was, in round numbers, about 
stp Of a second, some of them, however, seeming to be confined to 
smaller limits. 

I know of only a single circumstance which might militate against 
the correctness of the above conclusion; and it is but fair to give it 
such weight as it may carry. Becquerel has succeeded, with some 
difficulty, in observing a faint phosphorescence when an electric dis- 
charge is passed through rarefied air; and it is not absolutely impos- 
sible that the effects observed by me were due to a cause of this 
kind. 

This point can hereafter readily be decided by observing with a 
revolving disk, not the distant clouds, but a sheet of white paper 
placed so as to receive the light from the electrical flashes.—Silli- 
man’s American Journal, January 1871. 
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1. The Ice-Calorimeter. 

rgyee calorimetric methods hitherto adopted are objectionable 
on account of the relatively large quantities both of the 

liquid needed for the calorimeter and of the substance examined, 
which have to be employed for the purpose of diminishing the 
error caused by heat unavoidably lost im the experiment. Satis- 
factory estimations of specific heat can scarcely be obtained by 
the more exact methods hitherto in use, unless the weight of 
substance employed is at least from 10 to 40 grms. Rare 
substances in a state of perfect purity can only be obtained in 
such quantities after almost insurmountable difficulties ; and it is, 
only on this account, conceivable that we do not yet know the 
specific heats of all elements as yet obtained in the pure state, 
although such estimations are of fundamental importance in con- 
trolling the atomic weights. 

The instrument about to be described will serve to remedy 
these objections. The principle on which it acts consists in 
measuring the volume of ice melted by the contraction which 
this ice undergoes on liquefaction. 

The instrument (Plate V. fig. 1) consists of an inner glass 
vessel a, in the form of a common test-tube, which has been 
fused at the blowpipe into the cylindrical vessel 6. From this 
vessel (b) proceeds the glass tube c, to which the iron collar (d) 
is fastened above. The inner vessel (a) 1s filled from «to w, and 

ted by Francis Jones, Esq., from Poggendorff’s Annalen, No. 9, 

Phil. Mag. S. 4. Vol. 41. No. 272. March 1871. M 
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the outer vessel (b) from 8 to A, with boiled water ; the remainder 
of the vessel 6 up to the level y is filled with boiled mercury. 
In order to arrange the instrument for use, a cylinder of ice 
must be produced in the vessel 6 with which to surround the 
vessel a completely. For this purpose the whole apparatus is 
placed in a large vessel and surrounded with snow; the cali- 
brated scale-tube, s, fitted accurately into the cork with fine 
sealing-wax, 1s then passed through the mercury in the collar (d), 
and made fast in the mouth of the tube (c), so that it becomes 
filled with mercury. That this may be accomplished without 
risk to the somewhat fragile apparatus, the instrument is secured 
in an iron support by means of a vice, which encloses firmly the 
lower part of theiron collar (d). 

The amount of heat which a body gives up by being cooled to 
O° C. is estimated by dropping the body into the water con- 
tained in the vessel a, which is then closed with a cork at 6 to 
prevent change of air. If it behaves, on relative measurements 
of amount of heat, m the same way as in the estimations of 
specific heat, then this amount is obtained directly by observing 
the number of degrees on the scale to which the thread of mer- 
cury goes back. Ifthe readings are to be converted into abso- 
lute quantities (for example, into grammes of melted ice or 
thermal units, viz. the amount of heat required to raise the tem- 
perature of 1 grm. of water at O° C. to 1° C.), then the readings 
from the scale have only to be multiplied by a constant, which 
is derived from the following consideration :— 

A thread of mercury measured in the scale-tube, and at the 
temperature ¢, and which assumes the temperature T after the 
calibrating-corrections have been made, weighs g grms. Further, 
let the specific weight of mercury at 0° C. be s,, and its coeffi- 
cient of expansion a, then the volume v, measured in cub. cen- 
tims., of a corrected scale is 

pl Ulte: 
SqV 

The instrument used by myself had the following :— 

g =0°5326, 

a =0°0001815, 

ba Cf 

Sy=13°596, 

T=507'4; 
and therefore 

v=9:00007733 cub. centim..-. .) si) A) 

Let s, represent the specific gravity of ice at 0° C., sy the 
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specific gravity of water at the same temperature, » the weight 
{in grammes) of melted ice which corresponds to the volume v 
(that is, the indication of 1 division of the scale), then 

or 

Vv Sw Se ce 7 
gre =p. « » Suk gl eg Mente eee el te (2) 

There are numerous observations on the specific gravity of ice ; 
but how little they agree with each other is shown by the fol- 
lowing numbers found for s, :— 

Phemson[i-. s “e-5 “e  O'920 
Eieiurieh) 6 Sas. -0'905 
os ang Stale ar shee ake aR US 
Royer and Dumas . . 0°950 
Bemmer.) 42h ee ye GOs 
Plicker and Geisler . . 0°920 
Benge Phe PS A908 
Dufour . . . . ~« » 0°922 (maximum) 
Dufour. . . . »- . O-9YL4 (minimum) 

Owing to the disagreement of these different observers, it 
seemed to me essential to determine with greater exactness than 
was possible hitherto the value of the constant p, and therefore 
also of s.. I have for this purpose adopted the following plan, 
by which the sources of errors which have made previous estima- 
tions uncertain are completely removed. 

Fig. 5 represents a strong U-tube of hard glass which is drawn 
out atatoathick point. It is filled with mercury to d,d, which is 
well boiled in both limbs as in constructing a barometer. The 
point @is provided with an india-rubber tube, through which 
(while the air in the limb a @ is slightly warmed and again cooled) 
distilled water free from air is allowed to pass over the mercury 
at 46. This water is then boiled for half an hour, and the india- 
rubber tube (c) is kept in a beaker-glass filled also with boiling 
water; as soon, then, as the boiling is interrupted at 0, the 
space a6 becomes filled completely with water quite free from 
air. The india-rubber tube (c) is then closed under water with a 
piece of glass rod, and the point at ais sealedup. This is better 
done with a Bunsen lamp than a blowpipe, by heating the part 
where the tube covers the drawn-out point so strongly that it 
is filled with vapour instead of with water. If the apparatus 
has been weighed before filling with water, and is weighed again 

M2 
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after filling along with the perfectly dry glass point, the weight 
of the enclosed water is obtained. The open limb is then com- 
pletely filled with boiled mercury by means of a long capillary 
glass tube, which prevents air-bubbles adhering to the sides of 
the tube. If the apparatus be now exposed in the open air to a 
temperature under 0° C., an ice-cylinder is formed which at last 
partly closes up, leaving a thin column of water unfrozen. By 
freezing this last portion of water the ice already formed is ex- 
posed to very great pressure, which sensibly alters its specific 
gravity; this pressure is so great that it can burst a glass tube 
able to resist a pressure of 80 atmospheres. 

To remove this irregularity, and to allow the formation of ice 
during the whole experiment to take place under the same pres- 
sure, it is simply necessary to surround the whole instrument 
with sawdust and to expose only the upper part at a to an air 
temperature under 0° C. After a mass of ice has been formed 
at a by exposure to a low temperature, it is allowed to melt, with 
the exception of a small portion in the centre; and the freezing 
then proceeds regularly downwards from a to 4, and can be very 
convenientlyregulated if the limb containing the water is gradually 
raised as required out of the sawdust. The cylinder of ice forms 
a half-spherical cavity at its base, which proceeds unchanged till 
the level of the mercury at 5 is reached and the last portions of 
water are frozen from above to below. As soon as the formation 
of ice ceases, the whole apparatus is exposed for some time to a 
temperature under 0° C., so as to freeze the last traces of water 
which are found at 5 between the mercury and the glass. The 
cylinder of ice thus formed, perfectly free from air-bubbles, resem- 
bles the purest crystal for clearness and transparency. By tightly 
inserting the cork (e) in the open limb of the apparatus (A), the 
tube B is joined to A; and no trace of air must remain between 
the cork and the mercury, which is forced by the pressure through 
the capillary tube (f) into the vessel (B) contaiming mercury to 
the level g. The capillary tube is secured with the finest sealing- 
wax into the cork, which must be smooth and perfectly free from 
pores. It is quite unnecessary to secure the cork in the wider 
tube also with sealing-wax, since a displacement of this is as little 
to be feared as an elastic rebound (elastiche Nachwirkung) ; I have 
convinced myself of this by direct experiments. The apparatus so 
arranged is placed in a room with as constant a temperature as pos- 
sible, and surrounded on all sides and over the cork with a thick 
layer of snow, which has not lain at a temperature above0°and be- 
come impregnated with moisture, but which is dry and coherent. 

If the apparatus has assumed a temperature of 0° C. after 
standing six or twelve hours, the mercury-vessel is removed from 
the cork (4) and weighed with the mercury it contains, and re- 
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placed again in the cork, care having been taken to remove any 
mercury adhering to the end of the capillary tube. The appa- 
ratus is then removed from the snow and the ice melted by radia- 
tion from a Bunsen lamp placed near it, and is again surrounded 
with snow and allowed to assume a temperature of O°C. The 
mercury-vessel is again withdrawn and weighed. The increase 
of weight from the first weighing is the weight of mercury which 
represents the diminution of volume, calculated for 0° C., which 
the ice cylinder at the temperature of O° C. has suffered by its 
melting to water at 0° C. 

Let G,, be the weight of frozen water ; 
G, the weight of mercury driven out by the melting of 

the ice ; 
Sw the specific gravity of the water at 0° C.; 
S, the specific gravity of the mercury at 0° C.; 
s- the specific gravity of ice at O° C.; 

then 

G teGn Ge 

Be \iid! Sep Se 
therefore 

Sgr 
TSG, =S0 

Gy, + — G, 

Sq 

Owing to the great exactness of which this method is capable, 
it seemed to me unnecessary to make more than three experi- 
ments. In the first experiment the water froze between —3° C. 
and —5° C., in the second between —1° C. and —8° C., in the 
third between 0° C. and —2° C. The following weights (calcu- 
lated for zm vacuo) were found :— 

G,, =14°1580 germs. 

Experiment 1. . G, =17-4400 ,, 

Experiment 2. . G, =17°4624_ ,, 

Experiment 8. . G, =17:4757 .,, 
further, 

Sy = 0°99988 

Sy =18°59600 ; 

then the specific gravity of ice s, is 

Experiment 1. . . 0:91682 

Experiment 2... . 0°91673 

Experiment 8. . . 0:91667 

Mean of the three experiments 0°91674 
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For the magnitudes in equation (2), 

Y Se Sp 
— ST 

Sw Se 

we have therefore the values :-— 

v =0:00007733, 

S. =0°91674, 

Sy =0°99988 ; 
and thence 

p =0:00085257. 

The weight of melted ice (e) in grammes corresponding to T 
corrected divisions on the scale is therefore 

e=0°00085257T, , 5. 2+), Tee a@) 
If the latent heat of liquidity of water be called /, a scale- 

division p/ corresponds to the unit of heat above defined. For 
the amount of heat w, expressed in units of heat, which T scale- 
divisions indicate, we have 

w=plT ; 

or when we take for / the value 80:025 as found below, then 

w=0°068227T. oc «i as) aed 

Since the ice-cylinder surrounding the vessel a weighs from 40 
to 50 grms.,and on an average in each experiment only about 0°35 
prm. of ice requires to be melted, which corresponds to some- 
what more than four hundred scale-divisions, it is possible, with 
the same ice-cylinder, to make one hundred calorimetrical re- 
searches and to use the same apparatus (prepared once for all) 
for a week, if only care is taken to renew the snow round the 
instrument every night and morning. The ice cylinder is easily 
produced by an arrangement represented im fig. 2. A is a tin- 
plate vessel containing alcohol, and B an empty tin-plate vessel, 
which are both cooled down in a freezing-mixture of salt and 
snow to about —20° C. Crepresents the inner vessel (a, fig. 1) 
around which the ice-cylinder is produced. On sucking at the 
tube a, the cold alcohol of the vessel A is brought over into the 
vessel B through the vessel C; and therefore, conversely, on 
sucking at d the alcohol is brought back into the vessel A through 
C. By alternate sucking at a.and 5b, the vessel C can, to the 
level a, by means of fresh cold alcohol be kept at a temperature of 
from —10° C. to —15° C., and thus the ice cylinder gradually 
formed in the mass of water (0, fig. 1) surrounding the tube C. 
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I have constructed this ice-producing apparatus in the form 
shown at fig. 3. The two semicylindrical tin-plate vessels a and } 
correspond to the single vessel A shown in fig. 2, and are con- 
nected by tubes with each other and with the tube a; while the 
similar tin-plate vessel, the outside of which is marked c, corre- 
sponds to the vessel B, fig. 2. These two vessels, forming two 
concentric chambers round the tube «,, possess a great cooling- 
surface, and are both immersed in the same freezing-mixture. 
The arrangement of tubes in fig. 3, by which the circulation of 
the cooled alcohol is accomplished, is easily understood, as the 
corresponding caoutchouc tubes are denoted by the same letters 
asin fig. 2. The alternate suction of the alcohol is managed 
by means of the stopcock H, which is connected at w with the 
water-pump. When this stopcock is placed in one position, 
the tube g communicates with the exhausting-tube w, and the 
tube p with the outer air; when placed in the othér position, 
the reverse takes place, and w communicates with p and qg with 
the outer air. The production of the cylinder of ice becomes a 
very simple operation by this arrangement. The cooling-appa- 
ratus with its caoutchouc tubes is placed in the freezing-mixture, 
p and q are connected with the stopcock H, and w with the 
water-pump; the caoutchouc stopper with the tubes m, n at C 
is sunk in the inner vessel of the instrument, and, lastly, the 
tubes m and m are connected with the corresponding glass tubes 
of the cooling-apparatus. If, after the stopcock of the water- 
pump has been opened, the reversing stopcock is turned alter- 
nately, the stream of cooled alcohol can be kept at work as long as 
necessary for the production of the cylinder of ice. The formation 
of this last is easily observed with the naked eye or with a tele- 
scope, and presents some not uninteresting peculiarities. The 
temperature of the air-freed water in the outer vessel (d, fig. 1) 
sinks by degrees (without freezing taking place) far below 0° C., 
while the outside of the vessel becomes covered with a coating of 
ice formed from atmospheric moisture, which even vigorous 
shaking cannot remove. At last, when the temperature has 
sunk very low, the formation of ice begins suddenly, and spreads 
in a few seconds from X to w. The whole vessel down to these 
limits is filled with thin plates and needles of ice; but the 
water from pw to the level of the mercury at 6 is not frozen. 
By continued cooling the formation of the ice-cylinder now 
begins, and is allowed to go on untilit has attained a thickness 
of from 6 to 10 millims. This shell of ice below mu appears com- 
pletely amorphous, as clear and transparent as the purest crys- 
tal; the upper part between w and A, however, is not transpa- 
rent, and has a coarsely fibrous texture. When, however, the 
instrument has stood in snow for some days at 0° C., this coarse 
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fibrous texture entirely disappears. The ice between » and pw 
now consists of smooth rounded transparent grains. If the in- 
strument, after continued use, is exposed to the heat of the 
room, the single grains melt on their surface, and thereby free 
themselves from each other and ascend in the liquid, and in doing 
so occasionally appear like globules of the yeast plant strung 
together. In order, then, to understand more clearly the for- 
mation of ice, so far as the use of the instrument is concerned, 
the calorimeter, with its ice-cylinder carefully surrounded by 
snow, was observed for a considerable time. The instrument in 
this and in all the following experiments was placed in a large 

earthenware decanting-jar, from the lower aperture in which the 
water formed by the melting of the snow could constantly flow 
out ; in this way contact of the lower part of the instrument with 
the water was avoided. The instrument soon becomes surrounded 
with a compact mass of congealed snow (Firneis). If after twelve 
or fifteen hours, owing to external melting of this ice, a consider- 
able space is formed at the sides of the jar, this space is in- 
creased by cutting away with a wooden spatula the loosely 
caked Firneis, which is pushed below the calorimeter and its 
place supplied by fresh snow. The first experiment was made 
with fresh-fallen snow which was perfectly free from earthy im- 
purities. Some hundredweights of this snow were preserved in 
a clean wooden box as a supply for refillmg during the experi- 
ments. With such a supply the calorimeter can be kept work- 
ing for a whole week, and refilled twice daily without the ice- 
cylinder needing to be renewed. During the whole length of 
the observations, which took five days, the mner vessel, sur- 
rounded by a cylinder of ice, was closed with an india-rubber 
stopper, and the whole instrument, with the exception of the 
scale, enclosed on every side with melting snow. The tempera- 
ture of the room in which the experiments were made varied 
from 0°'5 C.to6°C. The experiments are collected in Table I. 
Column I. contains the times of the observations in hours; 
column II. gives the readings of the calorimeter-scale during 
the same times; those marked with asterisks are the observed 
values, from which the remaining ones are calculated by in- 
terpolation. The mercury which escaped from the scale-tube 
was weighed up to the thirty-first hour, and the weights found 
converted into divisions of the scale by means of equation (1). 
Column III. is calculated by means of equation (3), and repre- 
sents the weight in grammes of the ice formed in the instrument 
from the commencement of the time. 
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TaBeE I. 

36. | 2737:3 | 2:3337 || 77.| 2801°3x | 2°3883 |/115.| 2844-6x | 2.4252 
37.| 2737°7 | 2:3342 || 78.| 2803-2 | 2°3899 |/119.| 2844-6 | 2.4252 
38. | 2738°3 | 2:3346 || 79.| 2805-2x| 2°3916 |/120.| 2844-6 | 2-4252 
39. | 2738°8 | 2°3350 || 80.| 2807°3 | 2°3934 
40.| 27389'3 | 2:°3354 || 81.| 2809-4% | 2°3952 

This Table shows :—first, that about 2 grammes of the water 
contained in the calorimeter were frozen at the temperature of 
melting snow during the first seven hours; secondly, that this 
freezing at the temperature of the melting snow continued for 114 
hours in a decreasing ratio; and, lastly, that after this length 
of time a period arrived when, at the temperature of the melting 
snow, the water ceased to freeze. The disproportionate quan- 
tity of ice formed at the beginning of the experiment clearly 
depends on the low temperature of the ice-cylinder at first, it 
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having been formed at from —15° to —20°, as the following 
consideration shows :—If we assume that the quantity of ice (g) 
formed within the first seven hours has been caused by the loss 
of heat which the water suffers in heating the ice cylinder from ~ 
—?° to 0°, then the mean temperature which the ice cylinder 
must have had in order to produce that weight of ice is obtained 
from the equation 

pe al 
s,,G w 

In this equation / stands for the heat of liquidity of water, s,, 
for the specific heat of ice, and G for the weight of the ice 
cylinder after cooling to 7°. In this equation G only is unknown. 
In order to determine it, the open end of the scale-tube was 
dipped, at the conclusion of the series of experiments, Table I., 
into a weighed vessel containing mercury ; and after the melting 
of the ice cylinder, and when the instrument had been brought. 
again to 0°, the loss of weight G, of the mercury-vessel was 
determined. The weight sought is 

G,p 
3 

SqU 
G= 

in which s, represents the specific weight of mercury at 0° C., 
p the weight of melted ice which corresponds to one division of 
the instrument (equation 8), v the volume of one scale-division 
(equation 1). The values of the quantities in this and in the 
preceding equation are . 

(=80:03, 

§, = 18°596, 

$= 0°48, 

g= 2°13 grms. 

G=61°227 grms., 

p= 0:0008526 grm., 

v,= 0:00007733 cub. cent. 

By substituting the same in the equations, we obtain for the 
weight of the ice cylinder used in the observations 

G=49°65 grms., 

and for the temperature 

t= —6°°95 C. 

Therefore the ice cylinder formed at a temperature of at least 
—15° C, only needed to have a temperature of —7° C. in 
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order to cause by its heating to 0° C. the formation of ice found 
by the observations in the first seven hours. 

Since it can be concluded from the determination of specific 
heats given below that a time of seven hours is more than suffi- 
cient to equalize a difference of temperature of 7° C. in the instru- 
ment, the formation of ice, which (as is seen from Table I.) has 
lasted more than 100 hours, must be ascribed to some other 
cause than that considered. Without entering into the question | 
whether (as C. Schultz* assumes) this cause be due to the air con- 
tained in the snow-water, or whether the transformation of snow 
into Firneis play a part in it, let it suffice at present to consider 
only some of the causes which produce a lowering of the melting- 
point, which deserve particular consideration in using the ice- 
calorimeter. If the pure snow surrounding the instrument be 
soaked with just so much boiled water at 0° C., or distilled water 
at the same temperature which has been first shaken up with air, 
as-will remain in it, no freezing will take place, at all events, 
during the first twelve hours (the observations were continued no 
longer) ; but such a melting of the ice will take place as to ren- 
der the instrument under these circumstances totally useless for 
observations. On the other hand, the slightest impurity in the 
snow produces such a constant deposition of ice on the ice cy- 
linder, as to cause the mercury-thread to move many divisions of 
the scale in a minute. Snow which contains only traces of salts 
from the ground, or which has absorbed animal or vegetable im- 
purities from the street-pavement, shows this lowering of the 
melting-point in the most striking manner. River-ice, so pure 
that water melted from it produced scarcely a faint turbidity in 
solutions of barium and silver, produced in the instrument in 
three days 2 grms. of ice. After these observations it is clear 
that only the purest snow can be used in these experiments. 
It is also advantageous to experiment in a room whose tempera- 
ture is not much above 0° C., and not to begin the observations 
until the formation of ice on the ice cylinder does not cause an 
alteration of more than a few divisions of the scale in an hour. 
But, above all, it is necessary to see that, before the instrument 
has assumed a constant temperature in the snow, a small layer 
of water is formed by melting between the glass sides and the 
adjacent cylinder of ice, in order to avoid unequal tension and 
consequent elastic rebound (elastische Nachwirkung). 

The accuracy of the results, however, depends most essentially 
on the care with which absorbed air is excluded from the water and 
mercury when the instrument is first prepared. This is managed 
in the following way. The instrument. half-filled with boiled 
water is inverted, mouth downwards, and secured with a clamp. 

* Poggendorff’s Annalen, vol. exxxvii. p. 253, 
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The mouth of the tube ¢, fig. 1, which is not yet provided with the 
iron collar d, is then plunged in a beaker containing water kept 
boiling ; and the water in the instrument, reaching to the level 6, 
is boiled down to one-third of its original bulk. On removing the 
lamp used in heating the apparatus, it fills itself with water free 
from air. It is then allowed to cool, placed upright as in the 
drawing, and filled up to the level 8 with so much freshly boiled 
mercury that the level of mercury in the vessel 6 and in the 
tube c is nearly the same height. The water is now for the 
most part removed from the tube c by means of a siphon, and 
the tube freed from moisture by means of a dry current of air 
produced by the water-pump; and now, for the first time, the 
iron collar d is fastened on with the finest sealing-wax so as to 
leave a small part of the tube ¢ projecting above the mner 
bottom of d, so that the cork of the scale may afterwards be 
placed in the tube c itself and not in the iron collar. The final 
filling-in of boiled mercury to the level y is done with a hollow 
capillary glass tube, so as to avoid any air-bubbles remaining on 
the sides of the tube. . 

In order to place the mercury-thread at the same starting- 
point on the scale in each experiment, it suffices to press the 
cork of the scale-tube a little deeper into the mouth of the 
mercury-tube c, fig. 1. If in doing this the mercury-thread 
goes beyond the desired mark, a brass weight tied to a thread is 
warmed in the hand or under the tongue and dropped into the 
fluid a, fig. 1. Suppose the brass weight weigh g grms., and 
suppose its temperature is denoted by ¢, its specific heat by s,,, 
the latent heat of water by J, and if we denote by p the weight 
of melted ice (found by equation 2) which the indication of one 
scale-division represents, then the variation caused by the brass 
weight will be 

snig 
lp 

divisions of the scale. 
If we take 

t= 579 Ou, 

S=0:0939, 

1=80-03, 
p=0:000853, 

and for.g the series 0:1, 0:2, 0:4, 0°6....grm., then we ob- 
tain for these weights in round numbers the following retro- 
gression of the mercury-thread :— 
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0:1 grm. 5 divisions of the scale, 
rainy, 1 
O4 , 20» ” 
06 ,, 30 » 2 

0°38 39 40 | 9) 39 

10 ,, 50 ys y) 

After one of these weights, heated under the tongue, has been 
dipped in, the mercury-thread can be allowed to go back to the 
desired mark. The great alteration on the scale caused by in- 
troducing a weight only warmed to 37° C. is quite sufficient to 
indicate the extraordinary sensitiveness of the instrument. The 
elevation of temperature which 0:4 grm. brass at 37° C. caused 
on dipping into about 20 grms. of water was found by the ther- 
mometer to be only 0°07 C.; while with the calorimeter just 
described the variation amounted to 20 divisions of the scale, 
each of which, in the instrument used, measured a millimetre. 

In reference to reading off on the scale, we have still to re- 
mark that before each observation with the telescope it is neces- 
sary (especially when the scale-tube is very narrow) to shake it 
gently until the capillary resistance 1s overcome, and the mer- 
cury-thread by further shaking does not alter its position. 

Table I. shows that the mercury-thread of the instrument was 
not completely stationary. The alteration, which may amount 
from | to 3 divisions in an hour, either ina positive or negative 
direction, is nearly proportional to the time, as is easily proved 
by using the calorimeter. The small error thus caused is re- 
moved in the following way :—As soon as the observer sees that 
the instrument has become stationary enough, he notes from 
half-hour to half-hour the position of the mercury-thread. If 
the alteration of the mercury amounts in my minutes to 7, scale- 
divisions, then the deviation caused by disturbing influences is 
for one minute 

: To. 

Mo 

The time M, and the position of the mercury-thread Q, are 
now observed at the moment when the substance to be examined 
is taken from the heating-vessel f, fig. 4, and dropped into the . 
calorimeter-vessel a, fig. 1. Both observations are repeated an 
hour later, and M, and Q, thus obtained, and lastly, once more, 
as at the beginning of the experiment, the alteration of the mer- 
cury-thread which is independent of the heat to be measured, 

7 

m 
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The mean independent alteration of the mercury-thread in the 
experiment amounted in a minute to 

1 (To - 7 
anna : 

and during the entire duration of the experiment, 

—m.)1 (7% =) (M, My) 5 (22 + i, 

divisions of the scale. This value is to be added as a correction 
to the indication of the mercury-thread Q)—Q, observed in the 
experiment, and the negative sign used whenever, independent 
of the experiment, a melting of ice was indicated; in the oppo- 
site case a positive sign must be used. 

For the indication T corresponding to the amount of heat 
measured, we obtain therefore the equation 

| Pat a | T= (Q—Q)+(M,—M) (2 +H); «+ ©) 
in which we need scarcely remark that the values of the table of 
calibration are to be substituted for the direct readings to which 
they correspond. 

2. Estimation of Specific Heat. 

In order to obtain the specific heat of a substance, it is best 
to estimate once for all, in divisions of the scale, the amount of 
heat given up by one gramme of water when it is cooled from 
1° C. to 0° C.; we have then to divide by this value, W,,, the 
amount of heat W which a grain of the substance to be examined 
loses under the same circumstances. Suppose the weight of sub- 
stance to be G, its temperature ¢, the number of corrected divi- 
sions of the scale T, then we obtain the desired specific heat 
from the equation 

is 
a ara e ® ) ° e 2 (6) 

in which ¢ represents the boiling-point of water at the barometric 
pressure which existed during the experiment. 

The apparatus (fig. 4) is employed to impart to substances the 
constant temperature ¢ ; and it is represented one-sixth of its real 
size. The tin-plate vessel A, provided with a water-gauge, holds 
enough water to produce a current of steam for twelve hours 
when heated by the gas-lamp underneath. The current of steam 
passes through the india-rubber tube a and the outer glass ves-— 
sel (B) into the second india-rubber tube, 4, which is connected 
with an ordinary condenser. The heating-vessel (f) is placed 
in the centre of B and is thus constantly surrounded with the 
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current of steam; it is in the form of a common thin glass test- 
tube, the top of which, however, is slightly narrowed and sharply 
cut off. The mouth projects some millimetres above the india- 
rubber stopper which closes the outer vessel (B). When the 
substance has been heated for about an hour in the vessel (/), 
the whole apparatus (which is supported on the ring of cork, n), 
with the mouth (p) still closed and the steam still passing 
through, is brought near the similarly closed tube (6, fig. 1) of 
the calorimeter surrounded with snow. The stopper of the 
vessel f is quickly withdrawn, and at the same moment the 
vessel B is inverted and the heated substance thus allowed to 
drop into the water (a, fig. 1). The time occupied in falling 
amounts only to a very small fraction of a second, so that the 
cooling during this time is too small to be considered. 

At the bottom of the inner vessel (a, fig. 1) a small loose and 
thoroughly moistened piece of cotton-wool is placed, which is 
prevented from: rising up by being wound round a piece of 
platinum wire. This cotton-wool serves two purposes: first, 
it prevents the breaking of the tube when heavy bodies are dropped 
into it; and, secondly, it serves to remove the substances which 
have been examined from the apparatus. For this purpose a 
platinum wire suitably bent at the point is pushed into the cotton- 
wool, which by this means is drawn up to the mouth of the tube ; 
the substance lying on it is then removed, and the cotton-wool, 
without ever being removed from the tube, is restored to its ori- 
ginal place. 

The chief advantage which the instrument described possesses 
over all other calorimetric arrangements, not to mention its 
great sensitiveness, consists in the fact that all the heat which 
the body gives upis employed to melt ice. The weight of sub- 
stance which is placed in the water of the vessel a, fig. 1, at O° C. 
is so small compared with the weight of the water itself, that 
the temperature never reaches 4° C. Since water at this tem- 
perature possesses its maximum density, the heated liquid at the 
bottom of the vessel a can never rise, and is protected from the 
loss of heat not needed for the melting of the ice by a column 
of water lying above it at a temperature of 0° C. whose power of 
conducting heat is indefinitely small. 

This process is very nicely seen in the ice cylinder when it 
has been used for thirty or forty determinations, when there is 
found, quite at the bottom of the vessel a, a hollow space filled 
with water, which very generally has the form of a little digesting- 

- flask, while the ice cylinder in the whole space above appears 
quite unaffected. The weight of the substance to be examined 
need not exceed 0°3 or at most 4 grms., according to the great- 
ness of the specific heat to be expected. Ifthe substance is fluid, 
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or if it is affected by contact with air or water, it is enclosed 
just as in organic analyses, in as light a glass tube as possible, 
whose weight is noted along with that of the substance. If 
the substance floats on water, either by itself or when enclosed 
in a glass tube, the latter is loaded with a spiral of platinum 
wire, also weighed, and heavy enough to sink it. Perhaps it 
would be still more convenient to use a light and well-stop- 
pered platinum vessel. The amount of heat which the glass 
tube and platinum spiral give up are calculated as follows. If 
we call G, the weight of the glass tube, ¢ its temperature, and 
W, the amount of heat measured in divisions of the scale 
which 1 grm. of the same glass as the tube gives up on cooling 
from 1° C. to 0° C., and if we denote the same quantities for 
platinum by G,, ¢, and W,, then we obtain the equation 

tt (W,G, - W,G,) 
S — Ww xc e e e e e (7) 

Next, the constants W,, W,, a W., have to be deter mined 
once for all. W,, is found by the equation 2 

T 
Wr=G 

From the following observations, in which G represents the 
weight of platinum used in the experiment, 

T=2166, 

t =100°0 C., 

G=4°5942 grms. ; 

> 

therefore 
W ,=0°4692. 

W, was calculated by the same equation from the following ob- 
servations with two kinds of glass, in which G represents the 
weight of glass used in the experiment, and the data for the 
determination of T are given by equation (5). 

Taste II. 

Glass I. Glass IT. 

Experiment I.| Exp. 2. Exp. 3. 

Weight of glass ............ G 0°5706 grm. |1:0114 grm. L 4319 grm. 
Temperature of glass...... t 99°-74 C. | 99°°474 C. | 99°:474 C. 

Duration of experiment....|\M,—M, 29/ 87’ 56’ 

Scale before experiment .. e —O1 0:0 +0-005 
0 = 

Scale after experiment ... ak —01 0-0 +0014 
1 

Indication of thescale ...| Q,—Q 159'1 287°9 410-4 
a 
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For the first glass, 
W = 27446 ; 

for the second, 
W = 2'8616 

W,=2'8777 Z 

Mean . . =2'8697 

W,, is obtained from the following two experiments by the equa- 
tion ) 

ul Sie 
al an (W,.G,+W,G,) — 

W,= ii ee a ae eae 

Tase III. 

ae a 
Experiment I. /Experiment Ii.; 

ey eet re | a a | —— ft | 

Weight of water ...ccccce.-- G 0-3333 03333 | 
Weight of glass tube .........+6 Gg 0:2223 0-2223 
Weight of platinum sinker ... Gp 0:5230 05230 
Temperature of heating ...... t 99°-474 C, 99°:474 C, - 

| Duration of experiment...,..... ‘M,—M, 76' 86’ 

Scale before experiment ...... To 0:0 +0:067 
Mo 

| Scale after Pxperiment ... ... — 0:0 +0:064 
1 

Observed scale-divisions ...... Q,—Q.- 573'9 568-1 

Constants Dovevereeegeneeornsvccce Wp=0°4692 s We = 2'870 

The calculation gives :— 

From Experiment 1. . Wa= 14-660 

From Experiment 2... W,=14°654 

Mean. ». W,,=14°657 

In illustration of the method described, I now give the results 
of determinations made with chemically pure substances, whose 
specific heat has been determined with great exactness by the 
methods up till now in use. The details of these observations 
are arranged in the following Table IV., in which the letters used 
refer to those employed in equations (5) and (7) :— 

Phil, Mag, 8. 4. Vol. 41, No. 272, March 1871. N 
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Tass LV. 

Substance ex- Cast Cast | Cast an-| Castcad-| Very old 

amined ...... silver. | ~ zinc. | timony. | mium. |roll sulphur. 

as oe Gc | 3-6320 | 25150 | 3:8575 | 18675 | 1-0708 
SEQMCE jarwneeees 

Weight of glass ] pas 0 
tube....... % oes Gg 9 0 0 0 

Weight of plati- 0 
num sinker ... } Gp 0 0 0 0 

pee ete vt 4 |100°-00C,) 99°-80C. | 99°-80C. | 99°-80C. | 100°: 00 C. 
heating ...... . 

Duration of ex- : : BB! 
periment ...... M,—M,| 60! 60" 64 63 5 

Scale before in To 0 0 0 0 0 
_ periment ...... Ms 

Seale after ex-|| 71 0 0 0 0 0 
periment ...... J 

. ° 1 ay asa Q,—-Q, | 297-7 | 3438 | 2795 146-7 268°8 

Constants ......... | Boo iae ane ste er doses. W= 

In the following Table V. the specific heats calculated from 
these data are placed beside those of Regnault obtained by the 
mixture method :— 

TABLE V. 

® ’ 
Sanecee: ania: pi eae” s results, PES 

Water......... pe eee sr 1:0000 1:0000 — 
RSME VGL sta vapor neewsn soa 0:0559 0:0570 — 00011 

" BAAC ieee, ecascanmaece 0:0935 0:0956 —0:0021 
AMENMONY lone catecs vexass 0:0495 08-0508 —0-0014 

i CAC MINOT ka ves cueseiens 0:0548 0:0567 —0:0019 
| UL PHN: Ae seeds dees 01712 0:1764 —0:0052 

il 

Thus the values obtained by the ice-calorimeter are seen to 
| agree very nearly with those ‘obtained by Regnault, but are 
i 3 always a little less. Whether or not these constant deviations 
! are due to differences in the methods adopted can scarcely be 

decided from so few experiments, especially as these were made 
while I was engaged with other work; but still, although the 
were not made with very special care, they were free from any 

| considerable source of error. i 
| The following Table VI. contains experiments with several 

pure elements whose specific heats have not been determined 
hitherto. The specific and atomic heats calculated from these 
results are arranged together in Table VII, :-— : 
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Taber VI. 
a ee ee TE ee Se 

Substance i Ruthe- | Cal- Cal- Allo- 
ine : : . tropic j{ Cast tin. amined ...... nium, | cium. | cium. we ast t Indium.) Indium. 

Weight of sub- 
/ STANCE ...cscces 

| Weight of glass } 

_ ——— 

G 11514 | 1:1514| 1:7927 | 0-2823 | 0:2823 | 2:2394 | 3:0017 

Mie M ga)... Gg 0 ) |0-3287 | 0-6883 | 0-6683 | 03953 0 
Weigh i 3 | 
ies | Gp 0 0 | 04239 | 0-4239 | 0-4239 0 0 

Temperature of 
eee # — |99°-82C.'99°-82¢, 99°-60C.|99°-78C.|99°-78C.|99°-786C.|99°-606C. 

ete yess 46 | 47 | toe | a | ze |. oe | ex 
eh 72 —|—0-130 |—0-063 | 0-160 |—-0-090 | 0-052] —0-120 | 0-090 

0 

ale et} =+  |-0-020|—0-087 |—0-110 |—0-130|—0-076| —0-16 | 0-13 

es saeelaied | Q,—Q,| 100-2 | 97:5 | 2768 | 2802 | 2773 | 296-0 | 2521 

Bonstamte /iitstedelcedersvcsssapveccese. We=2745;  Wpy=0-4692;  W,,=14°657. 

TasLe VII. 

ie weight. | Atomie heat. Bloments. Bpegiic heat aseme weight pep, 

Ruthenium .......... 0-0611 52-0 3-18 
bo 00 GA 0-1722 20:0 3°44 
OGD pec ccedie das sess es 01686 20:0 3°37 
Allotropic tin,..,........ 0:0545 58:8 321 
Asn wangen ei csspeesss 0:0559 58:8 3°39 
PMUETEL * eueede ecu neseesd>. 0:0574 37°8 2:17 
ee a 0-0565 37° 2-33 

We must make the following remarks with regard to the ma- 
terials used, and the results obtained, in these experiments. The 
ruthenium was prepared from the material known as “iron 
residues ” of the St. Petersburg mint, which is perfectly free from 
Osmium. This material was heated with chloride of barium im 
a current of chlorine, and the grey powder obtained was fused 
with potash, and a considerable quantity of rutheniate of potash 
obtained. ‘The oxide prepared from this salt by fractional pre- 
cipitation with carbonic acid was converted by hydrochloric acid 
into chloride, the aqueous solution of which was precipitated by 
hydrogen, and the metal so obtained in the form of shining scales 
was freed from every trace of oxide by heating it in a current of 
hydrogen, It was found by testing free from all other platmmum- 
metals. As was to be expected, the specific heat found agrees 

N2 
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with the atomic weight hitherto accepted. The calcium was 
prepared by electrolysis from pure chloride of calcium. It 
formed small pale golden-yellow globules of bright metallic 
lustre, which speedily become grey on exposure to the air. 
Before enclosing it in the glass vessel, it was scraped bright in 
an atmosphere of dry carbonic acid. On testing it was found 
to be nearly perfectly pure. From the specific heat found, it 
may be concluded that the atomic weight hitherto accepted, 
Ca=20, is correct, and must not be halved, as. has become ne- 
cessary in the case of the alkaline metals. 
By allotropic tin is meant that peculiar modification of the 

metal which appears to be formed from ordinary tin exposed for 
a length of time to very low temperatures. The piece used for 
experiment was obtained from the large mass transformed during 
an unusually long and severe winter, in which Fritsche observed 
this remarkable allotropism, first described by him. The mass 
consisted of an aggregation of angular stalks loosely coherent in 
one direction, and crumbling by slight pressure. This tin, as I 
convinced myself, is of a high degree of purity, is free from any 
trace of arsenic or antimony, and dissolves entirely in trisulphide 
of potassium without any residue of metallic sulphides. The 
little stalks of which it is composed are not brittle, but ductile 
like ordinary tin. The specimen of ordinary tin examined was - 
obtained by melting the allotropic metal. Both modifications 
possess nearly the same specific gravity. | 

The indium used appeared perfectly free from tin, cadmium, 
andiron. After oxidation by nitric acid and evaporation with 
sulphuric acid, it left no trace of sulphate of lead when dissolved 
inalcohol. 1:0592 grm. of the metal was dissolved without loss 
in nitric acid, and yielded on evaporation and ignition 1:2825 
erm. oxide of indium. If we regard the latter, according to the 
hitherto accepted view, as consisting of equal atoms, the value of 
the atom of indium from this determination is : 

In=87°92 : 

which figure agrees very nearly with Winkler’s determination, 

In=37'81. 

This atomic weight, multiplied by the specific heat s,, gives for the 
atomic heat of indium the value f | 

Solna, 

which does not agree with the other ones. Therefore the hypo- 
thesis that the formula of oxide of indium is InO appears no 
longer tenable. Ifthe atomic weight be taken as once and a half 
the above, In=56:7: 

ae ’ 
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the atomic heat becomes 
s, In=38°23, 

which is nearly equal to that of the other elements. The atomic 
weight 56°7 removes the anomaly produced by considering the 
oxide of indium as a monoxide, and ranks it in its whole beha- 
viour with the trioxides which do not form alums. Therefore 
the formule of column IT. Table VIII. must be substituted for 

- those hitherto accepted in column I. 

Tasie VIII. 

I i 

Black indous oxide ............ In20? In@e pa 
Yellow indic oxide............... InO In? 03 
Green oxide of indium ......... 5InO, In? O 21nO, In? 03 
Grey oxide of indium ......... 4InO, In?O 3InO, 2In? 0? 
GUC TNO AUC Ais sccccesreccensees MnO, H£0 In? 0°, 3EEO 
TMI SUPW ALE) -o...00.scccacccees InO, SO?, 3HO In? 0°, 380°, 2440 
PHGIGCHIGTIA® §.i. osc cccccseveess 1 In? Gi? InG 

Ammoniochloride of indium,..| 2NHi‘€l, 3In€l, 2HO | 2NIf* Gl, In? G1’, 20 

The ammoniochloride of indium, prepared by R. G. Meyer, 
has, according to the new formulz, a composition analogous to 
the ammoniochloride of rhodium, which also contains 2 atoms 
of water. I have not yet been able to investigate whether or not 
the modified atomic weight is confirmed by the isomerism of 
these salts, but I shall return to it in an investigation on 
rhodium. . 

I have not yet been able to ascertain the fitness of the instru- 
ment for determining the latent heat of liquidity, as the present 
winter has been very unsuitable for such experiments. I will 
only remark that the latent heat of liquidity of water can already 
be derived from the experiments given in this communication 
with an exactness which leaves nothing to be desired. Accord- 
ing to equation (2), one division of the calorimeter-scale corre- 
sponds to 

WSeaSub sey 
ee germs, 

of melted ice. The constant W,, derived from equation (8) 
gives the number of divisions of the scale corresponding to one 
of the units of heat defined at the beginning of this paper. 
Therefore a division of the calorimeter-scale corresponds to 

1 

Ww 
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units of heat. Let 7 represent the latent heat of liquidity of 

water, then ‘ 

iW, 

eives the weight in grammes of the melted ice which correspon ds 

to one division of the scale, The equation for J is therefore as 
follows : 

ja Sw Se” 
W wS. Sw? 

or, according to equation (2), 

lk 
——— 

Wup 

By substituting the values found above, 

we 14 654; 

in the equation, therefore, we get for the latent heat of liqhiattg 
of water J, 

80°01 
80°04 

Mean . . 80:025 

The value found by other experimenters by the method of 
mixture is , 

According to Regnault . 79:4 
» Person » » 80:0 
83 Hess 5 » » 803 

It will be possible to determine the heat of combustion of 
gases by the ice-calorimeter with much greater accuracy than 
could be done by the method hitherto available. It follows, by 
equation (4), from the heat of combustion of hydrogen, that 10 
cubic centims. of this gas at 0° C. and 760 millims. pressure 
would produce by its combustion with oxygen an indication of 
4.53 divisions of the scale in the calorimeter of the instrument de- 
scribed. It suffices, therefore, to burn very small quantities of 
gases (easily prepared pure when so little is required), and to 
measure the difference produced on the scale, in order to obtain 
directly the heat of combustion in thermal units, without intro- 
ducing any of the very uncertain corrections hitherto unavoidable. 
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XXV. On some recent Investigations relative to Lunar aire! 
By W. R. Brat, F.R.A.S.* 

[With Two Plates. ] 

pe G the last seven years the subject of “ Lunar Activity,” 
or the present existence of eruptive action productive of 

change ” on the moon’s surface, has been much agitated. In the 
summer of 1864 my attention was more particularly directed to 
it, and I suggested that a rigid and careful examination of the 
moon’s disk should be made, the result being embodied in “a 
catalogue of lunar objects,” as all previous records were insuifi- 
cient to determine the question. This, of course, must be a 
long and laborious work; but until it is accomplished, at all 
events for a portion of the moon’s surface, it is utterly impossible 
to decide if an object not previously observed be really “ new,” 
or if one presenting a different aspect has undergone a change. 
This state of affairs was very prominently brought out in the 
celebrated case of “ Linné ;” the evidence was clearly insufficient 
to establish that a change had really taken place. It was not, 
however, the vagueness or imperfection of the evidence collected 
in 1866, 1867, “and 1868 that occasioned the failure, but the 
want of precision which characterized the earlier observations, 
and the doubt resting upon the accuracy of the earlier drawings 
and descriptions, the object having been lost sight of during a 
period of twenty-four years between 1842 and 1866. This 
doubt still continues. 

In February 1869, Mr. Pratt, of Brighton ;a careful observer, 
sent me a drawing of the floor of “ Plato,” a walled.plain in the 
northern part of the moon, as seen with his 84-inch silvered- 
glass reflector: the drawing contained eleven spots ; ; previously 
no more than five or six were known. The positions of these 
spots differed so greatly from those with which I was acquainted, 
that I was induced to request that observations of Plato might. 
be sent to me; and I have received between March 1869 and 
December 1870 as many as 1594, contributed by the following 
gentlemen :—Mr. Crossley of Halifax, Mr. Gledhill of Mr. 
Crossley’s observatory, Mr. Pratt of Brighton, 1 Myr. Elger of 
Bedford, Mr. Birmingham of Tuam, Mr. Joynson of Liv erpool, 
Mr. Cook of Preston, Mr. Whitley of Truro, Mr. Ormesher of 
Patricroft, and Messrs. Ingalland Neison of London. 
“Having ascertained the positions of the spots observed pre- 

viously to 1869, one of the first steps was to identify them ; and> 
in the course of that year every one was reobserved and several 
new ones added (see Plate III., which contains a plan of Plato 
with the estimated positions of the spots). As the observations 

* Communicated by the Author.- 
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accumulated I found myself ina position to attempt a discussion 

of them, and adopted the following method :—A ledger contain- 

ing as many columns as spots having been prepared, each obser- 

vation of each spot was posted to its appropriate column, and a 

series of numbers obtained which represented the “ visibility ” 

of each: for example, the spot No. 1, nearly centrally situated, 

was seen more frequently than any of the others ; the number of 

observations, therefore, would be a measure of its comparative 

high visibility. Taking this spot as the standard, the ratios be- 

tween the observations recorded of it and those of the other spots 

respectively would be the degreesof visibility appertaining to each. 

The following Table contains the degrees of visibility of each spot 

as determined from the observations of twenty lunations:— = 

No. | Obs. Vis, if No. || Obs. 4) Was: 

10 | 044] 13. | 84 | -148 |} 25. | 83 | +144 
299 11-000 |} 14. | 99 | -432 || 26. 1 004 

9 | 039 || 15. A Og ae 2 | -009 
207 | 904 || 16. | 67 | -293 || 28. 1 004 
204 | °891] 17," 192 | 838. © Zor 8 | 0385 

598 || 18. | 19 | -083 || 30. | 38 | -166 
49 | -214 || 19, | 31 135 || 31. 6 | -026 
24 | +105 || 20. 9 | 039 || 32. | 16 | -070 
3 013 || 21. 5 170 | 33. 3 013 

foo ee ete Se Ne 

bed bo — 

50 | 218] 22. | 39 | +170 
T0.:| 13-4 -057 | 93. | 11 | 048°] 35, 
11:5) 88) Aekae 24 ial 36. | 1 | -004 
12, 6 026 

The agencies known to affect the appearances of lunar objects 
are illumination, reflection, and libration, which are more or less. 
regular in their operation; consequently the variations in visi- 
bility dependent upon them should also be regular, and exhibit 
phenomena of periodicity. Another and much more powerful 
agency in affecting the visibility of such objects as we are now 
dealing with consists in the variable conditions of our own atmo- 
sphere, which are far from being regular in their occurrence. 
Before we can arrive at a sound conclusion on the phenomena - 
presented by the spots, it is necessary to eliminate the effects of 
these agencies ; and no better mode presents itself than that of 
obtaining a long series of observations, during the period of 
which opposite effects are likely to be compensated and differ- 
ences arising from instruments, observers, &c. neutralized. 

In order to ascertain, if possible, the agencies affecting the 
spots, the degrees of visibility have been computed for every pair 
of lunations from April 1869 to November 1870 inclusive, and 
the results projected in curves. Upon the supposition of no 
other agencies than those above named affecting the spots, we 
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sponding to changes of illumination, reflection, and visual ray, 
if these agencies are capable of affecting visibility. And as re- 
gards the earth’s atmosphere, which does affect in no small 
degree “visibility,” the whole of the spots, we might suppose, 
would present similar inflexions of their curves; indeed the area 
of Plato is so small in comparison with that of the disk, that it 
is difficult to conceive how any of the spots can be differently 
affected by changes in our own atmosphere, further than that those 
within reach of vision under all circumstances of change in our 
atmosphere would exhibit at all times nearly the same degrees 
of visibility, while small and faint spots (seen only in the finest 
weather and with the largest apertures) would, as the observa- 
tions proceed, continually decline in visibility. 

In the first trial, purely tentative as it was, the curves of spots 
Nos. 19, 5, 18, 14, 22, 7, and 16 were compared, and it was 
found that they presented well-marked acuminated maxima in 
August and September 1869 (see Plate III.). These, with the 
exception of No. 7, are situated on the western part of the floor. 

In addition to the spots on the floor of Plato, there are certain 
markings, as represented in the accompanying sketch (fig. 1). 

Fig. 1, 

These markings, which are very variable in visibility and intensity, 
are given of a uniform whiteness. There is reason to believe that 
some have disappeared; indeed it is not expected that on any 
occasion the floor can be seen as represented in the sketch ; it is 
only intended to indicate those portions which during the last 
fifteen years have been free from markings; those on the sketch 
have all been seen since the beginning of 1860, and by far the 
greatest number within the last two years. Four light streaks 
crossing the floor from north to south are given in the first edi- 
tion of Beer and Miadler’s large map, and mentioned in Der 
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Mond, p. 267; they are scarcely, if at all, perceptible in the 
new edition of the map. Space and time are important elements 
in unravelling the complexity of natural phenomena; and in the 
more extensive basis furnished by the observations of twenty 
lunations, it is essential to combine the two in order to arrive at 
a just appreciation of the results. Plate IV. contains the more 
important curves obtained in the course of the twenty lunations ; 
and while they necessarily present the features included in the 
curves of Plate Lil., the additional portions furnish evidence of 
the operation of agencies confined apparently to certain localities, 
and which accordingly cannot be referred to such as are extra- 
neous to the moon; for example, illumination, reflection, &c. 

On Plate IV. may be found several pairs of similar curves, 
the most strikmg pair beg that of Nos. 19 and 18. These 
spots, with No. 16, are situated on a somewhat bright curved 
streak on the north-west part of the floor. The peculiarities of 
the curves of these spots consist of the bold maxima of August 
and September 1869, which signify that in those lunations the 
spots were very frequently seen, much more so than either pre- 
viously or since. Another feature is the rarity of visibility of 
the spots Nos. 19 and 138 during the last six lunations. The 
curve of the neighbouring spot No. 16 is not characterized by 
this rarity of visibility; on the contrary, it actually increased, 
and the spot was seen more frequently at the time when the 
minima of Nos. 19 and 183 occurred. The spot whose curve most 
nearly agrees with that of No. 16is No. 5. It will be seen from 
Plate IV. that, with only one exception (October and November 
1870), the inflexions of the curves are similar, but the range in 
the case of No. 16 is less. The logical inference is that the va- 
riations of visibility of the two spots were produced by the same 
agency, or at all events by similar agencies. } 

The most remarkable circumstance connected with the curve 
of No. 16 is its departure from the type of its neighbour No. 19, 
and its conformity to the curve of No. 5. It is difficult to un- 
derstand this unless we take into consideration the structure of 
Plato. Crossing the plain from N.W. to S.E. is a fault which 
has dislocated the border in two opposite points, each marked by 
a gap or depression in the wall. Now the spots Nos. 5 and 16 
are not far removed from this fault on the west; andif we were 
to admit a local action connected with this fault, we might pro- 
bably obtain an explanation of the coincidence of the forms of 
the two curves furnished by spots so widely separated as Nos. 16 
and 5. 

A third pair of similar curves are those of Nos. 22 and 7, still 
more widely separated than Nos. 16 and 5, No. 7 being near 
the east border, and No. 22 near the west border. The spots are 
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nearly opposite the one to the other; and the inflexions of the 
curves, which in the early portions resemble those of Nos. 19 
and 13, are nearly similar. This similarity is not, as in the case 
of Nos. 16 and 5, explicable upon the presence of a fault; ne- 
vertheless the four spots agree in being situated near the border. 
Now it has been ascertained by careful observation under oblique 
illumination, that the floor of Plato dips towards the border as if 
a fissure existed just within it. The similarity of the two sets 
of curves, the spots being near the border, is remarkable, and 
goes far to connect in some way the phenomena of visibility with 
the localities of the spots. c 

While upon this part of the subject, it may be well to solicit 
attention to the remarks of Scrope and Hopkins relative to the 
formation on the earth of tracts similar to Plato on the moon. 
If with Scrope we suppose the expansion of subterranean beds 
of crystalline or other rock to have taken place at a great depth, 
under aa, fig. 2, elevating the overlying strata, and, with Hop- 
kins, that when the surfaces thus elevated attained a condition 

Fig. 2. 
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at which the tension and cohesion just balanced each other, the 
slightest increase of tension would rupture the surface and pro- 
duce two systems of fissures, which might be considerably aug- 
mented by earthquake-waves accompanied by the sudden subsi- 
dence of the tracts between the two principal lines of fissures,— 
we have the conditions for the production of such a region as 
Plato, the annular fissure opening outwardly being indicated by 
the dip of the floor to the border. Within and below the area, 
however, another fissure must occur, as at s, opening in the re- 
verse direction, 7. e. towards the lava which may exist in the 
interior, and which would ascend in the fissure and perhaps 
force its way through some minor cleft to the surface. Plato 
presents all the features which are characteristic of its having 
had such an origin: the floor, some 3800 feet below the general 
summit of the wall, may be regarded as evidence of its having at 
some anterior period subsided not a very great depth compared 
with the diameter (60 miles); the general smoothness of the 
floor may have resulted from the upwelling of fluid material 
through the central and other orifices; the existence of the 
“fault” across the floor may testify to its having been shaken 
and dislocated by an “earthquake,” the openings in the wall 
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strengthening the evidence; and the spots, intermittent in their 
visibility but persistent in their existence, may probably be re- 
ferred to those minor openings found more or less in the neigh- 
bourhood of fissures. 

The curve of spot No. 14, situated nearly midway between 
spots Nos. 5 and 22, is the most remarkable of the series, par- 
taking, on the one hand, of the features of the curves of Nos. 19, 
138, and 22 in the increase of visibility in August and September 
1869, and, on the other, of Nos. 5 and 16 in the inflections of 
the curves during the six lunations February to July inclusive; 
it also agrees with the curve of No. 5 in the maximum of August 
and September 1870. Of all the spots, No. 14 has manifested 
the greatest variation of visibility. 

Not only are the spots which manifested increased visibility, 
as stated above, restricted in “locality,” but the epoch August 
and September 1869, at which this increase occurred, is very 
marked, and decidedly separates the nine spots Nos. 19, 13, 22, 
7, 14, 5, 16, 12, and 20 from all the others, constituting them 
a distinct group, as given in Plate IV. It is to be borne in 
mind that this group is about a fourth part of the whole number 
of spots yet known on Plato, and the values of the maximum 
degrees of visibility so great as to preclude the idea that a fa- 
vourable state of the earth’s atmosphere is the only element 
which contributed to their development. 

A second manifestation of increased visibility occurred in Fe- 
bruary and March 1870, which, like the former, was restricted in 
locality. This, however, was not the same, but extended as a band 
south of spots Nos. 1 and 4; and two only at a considerable dis- 
tance from this band, viz. Nos. 13 and 20 of the first group, were 
affected, and that in a very subdued degree. The additional 
spots forming the second group are Nos. 18, 9, 11, 17, 10, and 
29. The forms of the curves of these spots, given on Plate IV. 
group II., are suggestive of the spots themselves having been sub- 
‘ected either to very different influences from those which affected - 
the spots of the first group; or, if the same agencies were in 
operation on both occasions, it is very certain that such agencies 
had a very restricted range indeed, and were confined to a very 
small portion of the moon’s surface, so small that the effects of 
changes in the earth’s atmosphere must be manifested over a 
much greater extent of the moon’s surface. 

Maxima of visibility of a somewhat subdued character, except 
in the case of spot No. 5, occurred in August and September 
1870 over a somewhat larger area than that embraced bygroupII. 
On this occasion neither of the spots Nos. 13 and 20 were 
affected, but Nos. 22 and 7 exhibited increased visibility. Refer- 
ence has already been made to the similarity of the curves of 
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these spots. Nos. 5 and 14 are also spots which were not 
affected at the epoch of February and March 1870; and these 
with No. 22 form, as it were, an outlying area to the locality of 
group II. Spots Nos. 6 and 7 also form an additional area on 
the east, so that the increase of visibility of the spots of group 
IIT, viz. Nos. 22, 14, 5, 18, 9, 11, 6, and 7, occurred over an 
area extending from the west to the east border of Plato. It is 
remarkable that spots Nos. 17 and 10 did not increase in visi- 
bility at this epoch, although situated on the area of group IL.: 
nor did No. 29; but this spot is situated near the north border.; 

_ In connexion with the third group, and especially with spot 
No. 5, is a phenomenon of which mention should be made. In 
the spring of 1870, some months after the maximum visibility 
of No. 5 in August aud September 1869, a streak which had 
not before been recorded was seen extending from No. 5 to- 
wards No. 14 as a faint object. In December 1870 a streak 
was observed on the opposite side or eastward of No. 5; the two 
form an easy and at present somewhat bright object connecting 
two arms of the “ trident.” | 

From a careful consideration of the whole of the phenomena 
presented during the twenty lunations, especially the three 
groups of maxima at the epochs above stated, I am strongly dis- 
posed to regard the agencies at present known capable of affect- 
ing the appearances and visibility of lunar objects as perfectly 
madequate to produce the phenomena indicated by the curves. 
The true nature of the agencies that have been instrumental in 
their production can only be arrived at by long-continued obser- 
vation. With a double length of curve, resulting from the ob- 
servations of twenty additional lunations, we shall be better able 
to determine if the curves of such neighbouring spots as Nos. 19, 
13, and 22 will retain the features which are now so characteristic 
of them—or that the inflections of the curves of Nos. 5 and 16 
and of 22 and 7 will be continued, indicative of a physical con- 
nexion of some kind between spots so widely separated as they 
are. In the mean time, as the observations proceed these parti- 
cular features may be confirmed, or new relations developed, 
leading us onwards to a clearer view and a juster appreciation 
of those forces which it is not impossible may yet be in operation 
on the moon’s surface. 
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XXVI. On the Influence of Density and Temperature on the Spec- 
tra of Incandescent Gases. By F. ZOLUNER*. 

uy | es gaseous body can, with respect to the rays emitted 
from it, exist in two states essentially different from ~ 

each other, In the one the rays can be spread. out into a so- 
called discontinuous spectrum, with conspicuous maxima of bright- 
ness; in the other, into a continuous spectrum, 

Both states are, analogously to the states of aggregation, 
merely functions of the pressure and temperature. The researches 
of Frankland, Willner, and others have proved that, in general, 
the discontinuous-spectrum state passes into that of the continuous 
spectrum by rise of temperature. But the transparency of the 
incandescent body is common to both states ; and careful consi- 
deration of this property, in connexion with those of the function 
denoted by J in Kirchhoffs treatise “On the Ratio between the 
Emissive and the Absorptive Power of Bodies for Heat and 
Light” +, is, I believe, sufficient to explain the following phe- 
nomena :— 

(1) The widening of the lines of discontinuous gas-spectra by 
‘increase of pressure. . 

(2) The change of a discontinuous spectrum into a continuous 
one by increase of pressure. 

(3) The continuousness of the spectra of incandescent bodies 
in the solid or liquid state of aggregation. A 

_ (4) The dependence of the ratio between the intensities of two 
lines of the spectrum on pressure. : 

(5) The dependence of the different orders of spectra on tem- 
perature. : $b: 

2. Let E, denote a homogeneous quantity of light, of the 
wave-length A, emitted perpendicularly from the unit of surface 
of an infinitely large plane, luminous layer of gas of the unit of 
thickness; and let A, denote the quantity of light of the same 
wave-length absorbed by this layer, in terms of the quantity of 
the incident light. If we imagine a series of any number m of 
such layers, and calculate the quantity of light E,,, emitted per- 
pendicularly from a unit of surface of the layer of the thickness 
m thus formed, we shall obtain for it the following expression:— 

1—(1—A,)” 
Bym= —-~——™_ Be es nN ‘A, Ey (1) 

Let E,, and A,, denote the corresponding magnitudes for a 
wave-length A, very little different from the above, so that, on 

* Translated from a separate impression, communicated by the Author, 
from the Berichte der Kon. Sachs. Gesellschaft der Wissenschaften, math.= 
phys. Classe, Oct. 31, 1870, p. 233. 

t+ Poggendorff’s Annalen, vol. cix. p. 291 et seqq. 
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the formation of a spectrum of the light emitted from the gas 
layer considered, the values X and A, correspond to two immedi- 
ately adjacent parts of the spectrum ; we shall have 

‘HR _ 1—(i-—A,,)” EK, 

» YAm = ——_—+— « fin, » 
X, 

It needs not particular mention that in the concrete case, in 
which the breadth of the spectrum-parts compared may be not 
infinitely small, the values of X and 2X, are to be taken as mean 
values for the adjacent narrow bright bands of the spectrum. 
For the ratio of brightness of these adjacent parts we obtain ac- 

cordingly, putting = =J, and am =J,, :— 
A A, 

Be) LOAN a yi oe my Eym  [1—(1—A,)" J, 

d. The magnitudes J, and J,, are two values of the ratio of 
the emissive to the absorptive power for two very slightly differ- 
ent values of the wave-length at the same temperature. But this 
magnitude, multiplied by a constant, is nothing else but the 
function of the wave-length and temperature denoted by J in 
Kirehhoff’s above-mentioned treatise. 

This function has the following remarkable properties :—' 
(1) J is independent of the peculiar properties of the body 

(cf. Kirchhoff, 1. c. p. 392). 
_ (2) At constant temperature, therefore, in one and the same 
spectrum, J varies continuously with the wave-length till the 
value of the latter is reached at which J vanishes (ébid. p. 393). 

(3) It may be pronounced in the highest degree probable that 
the function J, at constant temperature, presents no conspicuous 
maxima or minima with the change of wave-length (bid. p. 398). 

From the last two properties of the function J, it follows that 
“when, in the spectrum of an incandescent body, strongly pro- 
nounced maxima or minima are seen, its absorptive power, con- 
sidered as a function of the wave-length of the incident rays, 
must have conspicuous maxima or minima with those values of 
the wave-length.” 

By the help of this principle, Kirchhoff infers theoretically 
the possibility of reversing the discontinuous spectra of flames; 
and since this inference is confirmed by observation, conversely 
an empiric verification of the two properties mentioned of the 
function J may herein be seen. 

A Hence, in the present case, the two values ‘a and. os for the 
a fA ee 
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only slightly different values © and 2,, can likewise be but little 
different from each other. | 

Now, as in the above expression (2) the magnitudes A, and 

A,,, by their definition, can only be positive and never greater 

than unity, and therefore 1—A, and ;1—A,, must always be 

proper fractions, that expression is convergent for increasing 

values of m or of A to a limiting value which is reached when 

m=oo or when A,=A,=I1. In both these cases we have 
simpl 

Be Him ok 

Loe J A, 

This may be verbally expressed as follows :—The ratio of bright- 
ness of two adjacent parts of a discontinuous spectrum constantly 
diminishes with the multiplication of the luminous layers, or as the 
coefficient of absorption of the same layer becomes greater, to that 
value which, for the same wave-length and the same temperature, 
corresponds to the continuous spectrum of a body which at the 
given thickness is perfectly opaque and black. Be 

This diminution of the ratio of brightness of two immediately 
adjacent parts of the spectrum with simultaneous increase of 
their brightness must necessarily make itself perceptible to the 
eye, first, as a widening of the lines by diminishing sharpness of 
their borders, and then gradually as incipient continuity of the 
entire spectrum. 

4. It can now be shown ¢hat, ceteris paribus, increase of the 
density of a luminous gas must produce precisely the same effect as 
the above-considered multiplication of the layers; for if we regard 
the weakening produced by absorption upon a ray as the effect 
of a definite sum of particles which the ray meets with in its 
passage through the absorbing medium, it follows that the mag- 
nitude of the absorption thus produced is dependent only on the 
number and not on the distrzbution of the operative particles, pro- 
vided we may assume that their absorptive effect 1s independent of 
their distance*, This assumption becomes the more probable the 

* In order to prove by experiment the admissibility of assuming this in 
in a given case, (for example, the solution of a colouring substance in va- 
rious quantities of the solvent), only homogeneous light, obtained by using 
the narrow bands of a spectrum, can be employed in the requisite photo- 
metric measurements. The employment of coloured glass must @ priori 
be regarded as inadmissible for this purpose, since, strictly speaking, it 
always transmits all the rays, only in different degrees of intensity, so that 
when the quantity of light is sufficiently small, or the glass thick enough, 
the rays most weakened are almost or quite imperceptible to the eye. 

If J, denotes the intensity belonging to the wave-length A in a given 
spectrum, A, the coefficient of absorption of a coloured medium for the 
same wave-length and the unit of density, the quantity of light emitted 
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more widely the individual particles of the absorbent medium are 
separated—that is, the less its density is. Accordingly, if the 
density of such a medium is altered, the ray passing through it 
has a different number of absorbent particles to pass in an equal 
length of its path ; and it is easily seen that, on the assumption 
made, the number must change proportionally to the density. 

Tf, then, the values of A, and Aj, in the above expressions are 
simultaneously referred to the unit of density, the quantity of 
light transmitted by the same layer of density o is expressed, in 
parts of the incident light, by (1—A,)’ and (I—A,)*; con- 
sequently the quantity of light absorbed is expressed by :— 

A aes (1 —A,)’ = ENG) 

1 "3 (1 —A,)’=A): 

Analogously to the absorption let FE, and H),, be referred to the 
quantity of light emitted at the unit of density ; and accordingly 
let E,, and E,,, denote the quantity of light of that layer corre- 
sponding to the density 7. As the temperature and wave-length 
are supposed to be constant during these alterations, from the 
above-mentioned properties of Kirchhoff’s function the following 

from the whole spectrum can be represented as the value of the following 
integral, 

f arIa(1— Aa), 

in which J, and A, are functions of X, and the integral is to be extended 
to all the values corresponding to the spectrum. 

With another density c of the absorbent medium, on the assumption of 
the law of absorption, this integral is transformed into the following, 

aI —Ando. 
For a definite value of o the value of 2 mean coefficient of absorption B 
can now indeed always be found, by virtue of which we have the following 
equation, 

f dd3(1—Aa)7=(1-B)? Jada; 
but it is evident that this equality cannot exist for other values of o with 
the value of B constant. On this account it is inadmissible to calculate, 
by means of such a mean coefficient of absorption, and applying the above 
law of absorption, the quantities of light transmitted through a coloured 
liquid in different degrees of concentration, and to found conclusions on 
the difference between calculation and observation. Such conclusions 
would only be valuable if the change of thickness of the layer passed through 
by the rays, with constant concentration, produced a different effect from 
that produced by the concentration being altered in the same ratio, the 
thickness of the layer remaining constant. In this kind of experiments it 
would be simplest to decide by observations alone whether the absorbent 
effect of the individual elements of an absorbent medium is dependent or 
not on their distance (compare Pogg. Ann. vol. exli. p. 69 et segq.). 

Phil, Mag. 8. 4, Vol. 41, No. 272, March 1871. 8) 
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equations must ensue :— 
Exe Ey 

Aye 

Hae =! Hy . 

Ang?) Ay 

Hence, if we introduce the above values for A,, and A, and 
again put 

Ey 
rage 
E, 
A, 

we obtain for the ratio of brightness of two adjacent parts of the 
spectrum, asa function of the density of the incandescent gas, 
the following expression :— 

Be  O-O-A)"a | | | 8) 
Be Lobe Aa ld a 

Since at constant temperature the value of o alters proportionally 
to the pressure, this formula shows that with increasing pressure a 
widening of the lines of the spectrum must take place, which gra- 
dually passes into continuity of the entire spectrum. 

Further, it must here be remarked that these phenomena are, 
within certain limits, independent of the particular nature of the 
function according to which the coefficient of absorption of a 
substance changes with its density, supposing only that this eo- 
efficient continuously increases with the density and converges 
towards the value 1. Greater than 1 its value cannot become 
without contradicting its definition. On this account, also, the 
coefficient of absorption of a substance cannot continually in- 
crease proportionally with the density, because otherwise there 
would be a value of the latter at which the case mentioned would 
occur. 

If, now, we consider that with bodies in the liquid or solid state 
the coefficient of absorption has extraordinarily far greater values 
than with gaseous bodies, it 1s explained why the spectra of the - 
denser bodies must in general be continuous. 

When the compared parts of the spectrum are not adjacent, 
but » and A, belong to sufficiently distant spectrum-lines, the 
preceding formula shows that this ratio also is a function of the 
pressure, which with continuous increase of the latter continously 

BIN r 
5. In order to illustrate, in an example, by numerical values 
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the results obtained, definite values for the magnitudes A,, A, , 

> may be inserted in the formula (3), 
A; 

Ex, _ LL (lA) "Ja 
a RT Os Be 

and then the magnitudes By may be calculated for different 
K,, 

values of o. 
Let A, =0'100, 

A,, =0°:005. 

For immediately adjacent parts of the spectrum 
| ips 

i, 1, 

For distant parts (for example, for the hydrogen-lines C and F), 
let | 

and, for simplicity, let the above values of A, and A,, be retained. 
We thus find the following series for the ratio of brightness with 
ascending values of o :— 

Ratio of brightness 
of adjacent parts, of a of distant parts, 

ah 2} __ _ spectrum Jr 9-95 
eet: with different pressures. JA, : 

o. E\o : . Eno | 
EX,o E) ¢ 

1 20:0 I 5:00 
10 13°3 10 3°33 
20 i 20 2°30 
30 6°8 30 1:70 
40 5'3 40 1°33 
50 A°5 50 1:13 
60 3°83 60 0:95 
70 374 70 0:85 
80 3°0 80 0°75 
90 au 90 0°67 

100 2°5 100 0°63 
200 16 200 0°40 
300 13 300 0:32 
4.00 12 400 0:30 
500 Pi 500 0:28 

O02 
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In the case first considered, for the value o=1, the spectrum~ 
line mvestigated would appear 20 times as bright as its imme- 
diate environs, and hence might, to the eye, stand out as a sharp 
bright line from a dark ground. If, for example, the pressure 
of 1 millim. of mercury in a Geissler’s tube corresponds to the 
value o=1, on the pressure being increased to 500 millims. 
the brightness of the parts of the ground immediately adjacent 
to the line would be to that of the line in the ratio of 10 to 11; 
so that the latter would be already much widened, and its edges 
must appear indistinct. 

The second case shows that, by compression of the incandescent 
gas, different parts of the spectrum may reverse their ratio of 
brightness. In the example cited, at the commencement of the 
compression the brightness E,, of a line belonging to the wave- 
length A is five times that (E,,o) of one the wave-length of which 
isd, With 50 times this pressure the two lines have nearly 
equal brightness. But if the pressure is increased to 500 times 
its original amount, the line which at first was the darker becomes 
nearly 4: times as br ight as the other. 

If the density diminishes constantly to 0, the ratio of bright- 

ness approaches the value 0° Differentiating according to o the 

: é EK 
numerator and denominator of the expression for “7 and sup- 

Ey s Ul 

posing o=0, we find for that limiting value 

Ja log (1—A,) | 
J, log (1—A,,) 

Referring J, and J,, to adjacent values of A, so that as may be | 2 
supposed =1, we find that with continued diminution of o the 
contrast with which a bright line stands out from the ground 
approaches asymptotically a maximum value which is expressed 
by " 

log, (i—A,) 

log, (1—A,,) 

For the above adopted values of A, and A, this value would be 
20°3, and hence would but little differ from that taken by the 
ratio of brightness for c=]. 

6. Our considerations hitherto have extended to the changes 
of intensity in two different parts of the spectrum; but the de- 
veloped formule account for the alterations of intensity which 
take place in one and the same place in the spectrum, at con- 
stant temperature, by alterations of the pressure. 

According to what precedes, the expression for the brightness 
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belonging to a definite wave-length X, with the density o of the 
incandescent gas, is the following :— 

Ky 
By, =[1—(1—A))"] 7° 

Accordingly Exo vanishes for c=0, and for c=o0 reaches the 

maximum value a 

For a given value of o and a given temperature, Eno for a 
certain value of X will be an absolute maximum; or, in other 
words, among the various bright lines of a discontinuous spec- 
trum, one will be the brightest, since tn a given spectrum both 

Py 

A, and 2 vary as functions of Xd. 
r 

Having regard, now, to the fact that, so soon as the value of 
E)o sinks below a certain limit (given by that of the sensibility 
of our eye), the place in question of the spectrum vanishes to our 
perception, from these considerations results the following 
theorem :— 

If with the temperature constant the density of an incandescent 
gas 1s constantly diminished, the number of the lines of its spectrum 
must also be diminished and finally, in general, the whole spectrum 
be reduced to a single line, the situation of which depends on the 
temperature and quality of the gas. 

I believe that this theorem may be regarded as confirmed by 
-the observations published during the past year, by Frankland 
and Lockyer, in the Proceedings of the Royal Society, No. 112. 
The passage in question is as follows :— 

‘Under certain conditions of temperature and pressure, the 
very complicated spectrum of hydrogen is reduced in our instru- 
ment to one line in the green corresponding to F in the solar 
spectrum. 

“The equally complicated spectrum of nitrogen is similarly 
reducible to one bright line in the green, with traces of other, 
more refrangible, faint lines.” 

Yet these observations do not permit us at once to draw con- 
clusions as to the temperature of those heavenly bodies which, 
like many of the nebule, present the remarkable phenomenon of 
very simple spectra; the preceding considerations show that such 
conclusions would be inadmissible, since, at any temperature, 
sufficient rarefaction of the incandescent gas may reduce its spectrum 
to a single line, the situation of which, in the case of one and the same 
substance, is dependent on the temperature only. 
j Having regard to the above-demonstrated principle of the 
equivalence of the density and the thickness of the radiating layer, 
it may even be maintained that the values of the temperature 

Ne SSS ee eeeeeeeeeeeeeeeeEeEeEEEEOEe—eEeEe——eE—E————————Eeeeeeeeeeeeeeeeeeeeee 
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and density with which a gas ina Geissler’s tube shows such 
simple spectra may agree not remotely with those of the nebule, 
because in the latter the enormous thickness of the radiating 
layer supposes an almost infinite rarefaction of the lumimous gas. 

On the other hand, it is obvious that the continuity of a ne- 
bular spectrum is not. sufficient to permit a conclusion as to the 
density, because, according to the above-mentioned principle, the 
same effect may also be produced by a sufficient thickness of the 
radiating layer. : 

Meanwhile the following consideration of the subject. may at 
least serve to determine the lower limit of the temperature of a 
nebula the spectrum of which is discontinuous :— 

The expression for the brightness Ey, of the place belonging 
to the wave-length » in the spectrum of a gas with the density 
co, and at a given temperature, is 

E 
H.-A A, 

A, 

As already remarked, this expression cannot become greater than 

ma and, according to Kirchhoff’s theorem, this value is that 
» 

brightness which, for equal temperature and wave-length, is 
possessed by the same place in the spectrum of a perfectly black 
body, and, in fact, independent of tts other qualities*. Mence, if, 
with the current from a galvanic battery, we heat a dark, opaque 
body (one as nearly as possible corresponding to the requirements 
stated—for example, a piece of charcoal), and produce a spec- 
trum from the light emitted, the temperature of the incandescent 
charcoal will be lower than that of the luminous gas with a dis- 
continuous spectrum, as long as the brightness of the continuous 
spectrum, in the place corresponding to a bright line of the gas- 
spectrum, is less than or equal to the brightness of this line. It 

is here assumed that, ceteris paribus, ie continually increases 
A 

with the temperature. 
If we now compare the brightness of a line in the nebular spec- 
* Tt is easily seen that the above expression, when o=0o, expresses the 

perfect opacity of the layer of gas, since 1—(1—A))¢ expresses, in terms 
of the incident light of the wave-length A, the quantity of light absorbed by 
this layer, Ay, If, then, Ayg=1, this signifies the complete absorption of 
a ray incident upon the mass of gas. Remembering that all bodies, even 
those relatively opaque, are transparent in sufficiently thin lamelle, and 
that, by virtue of the equivalence of thickness and density, the number m 
of the radiating and absorbing layers may be put in the above formula in- 
stead of the density «, we perceive the applicability of the above expres- 
sion to opaque bodies also, since it involves at the same time the necessity of 
the continuity of their spectra. 
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trum with the brightness of the homologous place in the charcoal- 
spectrum, we can, neglecting the absorption in cosmical space, 
and taking due account of that in our atmosphere, ascertain in 
the manner indicated a lower limit for the temperature of the 
nebula, as soon as we succeed in determining the temperature of 
the galvanically incandescent charcoal. , 

7. The dependence of the position of the lines of a disconti- 
nuous spectrum on the temperature and quality of the incan- 
descent gas, above recognized theoretically as admissible and 
probable, is very remarkable, and appears to me quite adequate 
to explain the remarkable phenomenon, discovered by Pliicker, 
of the so-called spectra of different orders of one and the same 
body; for the value of the expression for the ratio of brightness 
of two adjacent places in the spectrum, 

Eo _ [1—(1—An) Ja 

Fae = [1-(1-A,) "Jy, 
is dependent, when o is constant, only on the values of the ab- 

Ati 

Jy, 

taken as =1. But these values may have, for the same wave- 
length and continuous alteration of the temperature, similar 
maxima and minima to those which they in fact possess for the 
same temperature and continuous alteration of the wave-length, 
whereby they produce the phenomenon of discontinuous spectra. 
The simplicity and continuity attributed to Kirchhoff’s function 
J refers only to the ratio between the magnitudes HE, and A,, 
not to the magnitudes themselves. While that function is 
the same for all bodies, EH, and A, (as functions of the tempera- 
ture and wave-length) are directly dependent on the particular 
condition and character of the body. We thus see that the ex- 

sorptive powers A, and A,,, since — for this case may always be 

pression for ae with alteration of the temperature, may solely 
Ey 6 : 

through alteration of the values of Ay and Ay, assume different 
values which are greater or less than unity. From this it follows 
that the ratio of brightness of two adjacent places in the spectrum 
may be reversed by alterations of temperature, and a minimum ap- 
pear in the place of a former maximum. 

Hence, in relation to the changes of intensity of adjacent parts of 
a spectrum, there is an essential difference between the effects of 
temperature and those of pressure: the ratio of intensity may be 
reversed by changes of temperature ; its reversal is not possible 
by changes of pressure. By increase of the latter a difference 
of intensity can only be made to vanish, it cannot be reversed. 
When, therefore, inversions of this kind are observed in different 
spectra of one and the saine substance, this is the result of dif- 

EE ee ee ee eee 
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ference of temperature only. The following theorem may there- 
fore be pronounced general :— 

When the difference between two spectra of one and the same in- 
candescent gas is such that, for rays of any refrangibility, to a 
maximum of the one spectrum a minimum of the other corresponds, 
the temperatures proper to the two spectra must be different. 

The origination of spectra of different orders of one and. the 
same gas must therefore be regarded as a phenomenon evoked 
especially by alterations of the temperature, and not of the den- 
sity of the incandescent gas. 

8. In like manner as Kirchhoff empirically infers the conti- 
nuity of the function J with alteration of the wave-length > and 
with constant temperature, the continuity of that function with 
constant % and variable temperature may also be inferred. 

In reference to the first-mentioned continuity, Kirchhoff (/.¢. 
p. 293) remarks as follows :— 

“For a constant temperature the function J changes continu- 
ously with the wave-length, as long as the latter falls short of 
the value at which, for that temperature, J begins to vanish. 
The correctness of this assertion may be inferred from the con- 
tinuity of the spectrum of an incandescent platinum wire, as 
soon as we assume that the absorptive power of this body is a 
continuous function of the wave-length of the incident rays.” 

This conclusion rests upon the fact that the spectrum of incan- 
descent black opaque bodies presents to our eye the totality of all 
the functional values of J proper to the different values. of » 
im juxtaposition in space as they correspond to the temperature 
of the incandescent body. Now, if the strength of the physiolo- 
gical impression produced in our sensorium by the different 
values of J in a spectrum were not likewise a function of the 
wave-length, or, in other words, could we assume that the phy- 
siologically determined ratio of intensity of two different parts 
of the spectrum is equal to the mechanical, the course of the 
function J with alteration of the wave-length could be repre- 
sented simply by the photometrically determined curve of inten- 
sity of a given spectrum at constant temperature of the incan- 
descent body. 

Although, from the circumstance adduced, such a represen- 
tation is not possible, and the nature of the physiological func- 
tion according to which the optical impression of a homogeneous 
ray changes with the wave-length while the vis viva is constant 
is unknown, it may yet be maintained of this function also that it 
must necessarily be continuous*; for if this were not the case, the 

* The notions “ continuous ” and “ discontinuous” are not to be taken 
here in a mathematical sense, but with reference to the absence or presence 
of strongly prominent maxima or minima. | 
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spectra of incandescent opaque bodies could not make a conti- 
nuous impression on our sensorium, unless the discontinuity of 
the physiological function were such that a maximum value in 
the one function were always compensated by a minimum in the 
other. But since the assumption of such a relation between 
the incandescent body and our sensorium would evidently be 
absurd, from the continuity of the spectra of incandescent opaque 
bodies the continuity of the function J follows, as well as that of 
the physiological function of the intensity of the sensation in 
its dependence on the wave-length. 

That the function J, for a constant value of X, does not change 
discontinuously with the temperature, but much rather increases 
continuously therewith, may be inferred from the circumstance 
that, as far as observations have hitherto gone, the spectrum of 
an incandescent opaque body becomes continuously brighter in 
all its parts with increasing temperature, even though the quick- 
ness of this increase may be very different for different values 
of X. From this it follows that, for those values of the tempe- 
rature for which E possesses strongly prominent maxima or 
minima, A must also have such maxima or minima, and that, 
in general, the alterations undergone by EK through changes of 
temperature must be accompanied by alterations of A in the same 
direction. Now, since, according to the observations hitherto made, 
the values of Ki for all values of % have been found to increase with 
rising temperature, the values of A also must be supposed in general 
greater with a high than with a lower temperature. 

Hence results an important consequence in relation to the 
conversion of a discontinuous spectrum into a continuous one, 
at various temperatures, by increase of the density of the in- 
candescent gas; for if we consider the ratio of intensity of two 
adjacent parts of the spectrum, where for the values of % and 
r, (which differ but little from each other) the values of the 

two functions a and _ can differ but little, and hence their 
v 4d 

ratio may be taken as equal to unity, then according to the 
earlier part of this memoir the expression for this ratio is 

Eno ws 1—(1—Ay)* a 

ye ls el AG ler" 
Here, the greater A, and A,, the quicker the value of a 

Ao 

converges toward unity as the value of o increases; and the 
consequence of this will be, first the widening of the line in ques- 
tion, and finally the continuity of the whole spectrum. 

In the example above adduced we put A,=0°'100, and 
A,,=0:005; and for these values the ratio of intensity of the 



202 M. F. Zollner on the Influence of Density and 

parts of the spectrum considered was diminished from 20 to 1+1 
by increase of the pressure from c=1 to o=500. But now let 
these two values be supposed 5 times as great, thus, 

A,=0:500, 
A, =0:025, 

we then obtain the following series of ratios of intensity for dif- 
ferent values of o :— 

A,=0°500 A, =0°100 
Sa A, =0°025 A, =0:005 
1 20°0 20:0 

10 4:5 13°3 
20 2°59 9°2 
40 1°6 5'3 
380 Id 30 

Here, then, the ratio of intensity, starting from the same 
value, reaches the small value 1'1 at a pressure less than one 
eighth part of that requisite with a lower value of the absorptive 
power. 

The results last obtained may be expressed in the two follow- 
ing theorems :— 

The greater the absorptive power in two adjacent parts of a 
spectrum, the more quickly does the ratio of their intensity change 
with the density. 

Taking into account the generally greater values of the ab- 
sorptive power at higher temperature, it hence follows further 
that, 

The higher the temperature of the incandescent gas, the more 
quickly 1s a discontinuous spectrum converted into a continuous one 
by increase of the density. 

By the aid of the first theorem, from the great changes un- 
dergone by a certain line in a spectrum: (for example, the hy- 
drogen-line F) through alterations of the pressure, relatively 
great values of the absorptive power in that part of the spec- 
trum may be inferred, provided that we duly consider the dif- 
ference of the dispersion in the various parts of a spectrum pro- 
duced by refraction. 

From the second theorem it follows that, the density remain- 
ing the same, a discontinuous spectrum can be converted into a 
continuous one by a sufficient increase of the temperature of the 
incandescent gas. This consequence is confirmed by Wiillner’s 
observations, in which, with equal magnitudes of the pressure, 
discontinuous spectra corresponded to the weaker discharges, 
and continuous ones (or altered in that direction) to the stronger, 
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the effect being the same as an increase of pressure would have 
produced with weaker discharges*. | 

9. In our investigations hitherto, only ¢wo parts of the spec- 
trum have been compared. But when the object is to deter- 
mine generally the changes in the contrast with which a bright 
line stands out from the darker ground, the alterations in the 
brightness of the ground on both sides of the line must be taken 
account of. Here two cases may occur: either the values of 
the absorptive power on the two sides are equal, so that its curve 
declines symmetrically from the maximum; or this symmetry 
does not exist. It is obvious that in the latter case (which, 
being evidently the most general, will be the most frequent) the 
widening produced in the lines by alterations of density must 
be quicker on that side of the line on which the absorptive 
power is the greater and hence its curve declines less steeply. 
Although, as above remarked, the maximum of brightness of a 
line cannot be displaced by alterations of density alone, yet the 
effect of the asymmetry mentioned will in general be that the 
middle of the line widened by increase of the pressure will no 
longer coincide with that of the line previously to the widening, 
so that, on the supposition made, the followimg theorem may be 
advanced :— 

The middle of a line widened by increase of the pressure is dis- 
placed toward that side of the spectrum in which the greater values 
of the absorptive power of the incandescent gas are situated. 

Hence we must not at once refer the displacement of the cen- 
tres of unequally wide lines of the same substance in different 
sources of light to an alteration of the refrangibility by the ap- 
proximation or removal of the luminous body. In general, such 
a cause must not be assumed as certainly existing until the dis- 
placement of several lines of the same substance, in a qualita- 
tively and quantitatively accordant manner, has been shown. 

10, The widening of lines through increase of the vapour- 
density of the incandescent gas can be very simply shown in the 
lines of sodium, if we, by pushing a grain of chloride of sodium 

* Compare Pogg. Ann. vol. cxxxvii. p. 344 et seqgg. Wiillner here 
compares the spectrum of hydrogen at a pressure of 300 millims. in a 
Geissler’s tube, as seen when produced by discharges from a Leyden jar, 
with that produced at much higher pressure by discharges from the simple 
induction-apparatus. His words are :— 

** With further increase of pressure Hg and Hy expand continually more, 
so that soon they appear as only maxima of brightness on a continuously 
luminous background which is growing brighter; atthe same time Hz be- 
comes gradually less sharp, indistinct at its edges, and widened, so that when 
the pressure of the gas is 300 millims. the spectrum produced by using the 
jar has about the same appearance as when, without the jar, the pressure of 
the gas amounted tonearly 3 atmospheres. The brightness of the spectrum 
is also about the same,” 
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more or less deeply into the flame of a Bunsen’s burner, deve- 
lope different quantities of sodium vapour. With small quan- 
tities the lines are fine and sharp; with large quantities, much 
widened, and the edges indistinct. 

But in this case the more refrangible of the two lines of sodium 
widens considerably more than the other, so that with the greatest 
amount of vapour which can be developed in the given manner the 
more refrangible line is fully twice as broad as the other. 

From this fact must be inferred, in accordance with § 8, 
greater values of the absorptive power for the values of X be- 
longing to the more refrangible sodium-line, and accordingly, 
on account of the continuity of Kirchhoff’s function J, also 
greater values of the emissive power. Both these consequences 
are confirmed by observation. 
When the two sodium-lines in the solar spectrum are com- 

pared, we find, on viewing them more carefully, the more re- 
frangible decidedly darker than the other-—-a fact which proves 
the greater absorptive power in this part of the spectrum. 

If, further, we compare the bright sodium-lines in any source 
of light, we always find the more refrangible brighter than the 
other, whether the vapour-density be great or small. This dif- 
ference of brightness becomes even very striking when the fol- 
lowing method of observation is employed. The slit of the 
spectroscope is gradually opened till the inner edges of the lines 
thus widened exactly touch. The adjacent bright bands then 
show such a considerable difference in brightness, that it strikes 
the eye at the first glance. By this observation, then, also the 
greater emission for the values of X belonging to the more re- 
frangible line D is proved. 

In order, by observation of the sodium-lines, to verify the 
asymmetry which, according to the theory we have developed, 
was to be expected in the widening, with the aid of my reversion- 
spectroscope I brought each of the bright sodium-limes in one 
spectrum into coincidence with the analogous line in the other 
spectrum, so that each line became the prolongation of the 
other, and the two together apparently formed only a single line 
of double the length. In the more refrangible line, which with 
increase of the vapour-density was the most widened, no dis- 
placement was perceptible; meanwhile there appeared to take 
place in the other line, as the bightness increased, an extremely 
slight displacement in the direction of a diminution of the refran- 
gibility. 

Even if we attribute no force of proof to this observation, 
as being too uncertain, yet, on the other hand, an interesting 
observation made by Dr. J. J. Miller, Private Instructor and 
Assistant in Physics at the Physiological Institute in this place, 
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while engaged in other investigations, cannot well be explained 
otherwise than by the assumption of such an asymmetrical 
widening of one or the other of the two sodium-lines. 
He has found that the Newton’s interference-bands which, 

with a difference of path of about 20,000 undulations, are pro- 
duced in a plano-parallel glass plate of 5 millims. thickness by 
homogeneous light from sodium, are displaced almost the whole 
distance of two rings when the intensity of the sodium-flame is 
varied, in the manner above indicated, by alteration of the 
amount of vapour. With this displacement is connected a si- 
multaneous diminution of the sharpness of the rings as the in- 
tensity increases, until they completely vanish, this being a 
necessary consequence of that diminution of the homogeneity of 
the light which is expressed in the widening of the lines. The 
magnitude and direction of this displacement points to a diminution 
of the refrangibility of the light, to which im the spectrum a dis- 
placement of one or the other sodium-line of at most 345-rh5 of 
their reciprocal distance would correspond. 

Hence it is evident that this method of observation is vastly 
more delicate for the mdication of asymmetry in the widening 
of the lines than the spectroscopic one, as long as its application 
is not prevented by the want of sufficient light. 

Fuller details on these experiments will be communicated by 
Dr. Miller in a special memoir which will shortly be published ; 
and I intend to treat the theorems developed in the foregoing in 
their application to the investigation by spectrum-analysis of the 
physical constitution of the heavenly bodies, and particularly to 
the determination of the conditions of temperature and pressure 
of the solar atmosphere. 

XXVII. To determine the degree of Polarization in the case of a 
ray of common Light falling obliquely on and being reflected or 
refracted by a bundle of parallel Plates. By W.G. Apams, 
Professor of Natural Philosophy in King’s College*. 

eae a ray of common light as equivalent to two 
polarized rays of equal intensity, whose planes of polari- 

zation are in and perpendicular to the plane of incidence, then 
aray, of intensity 1, is equivalent to two, each equal to 4. 

The ray of intensity 4 which is polarized zn the plane of inci- 
dence will give rise to a reflected ray of intensity }v?, and a re- 
fracted ray of intensity 4(1—v?), where v denotes the ratio of 
the amplitudes of the vibrations of the ether for the reflected 
and the incident ray. 

If ¢ and d, be the angles of incidence and refraction on the 

* Communicated by the Author. 
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first surface, then 

_ sin ($—¢,)_ 
~ sin (p+¢,) 

The ray of intensity 3, which is polarized in a plane perpendi- 
cular to the plane of incidence, will give rise to a reflected ray of 
intensity 4w*, and a refracted ray of intensity 4(1—w?) at the 
first surface, whete 

__ tan (¢—4,), 
~ tan (6+ $,) 

Now consider first only the light polarized in the plane of in- 
cidence. 

The ray refracted into the first plate is divided up at its second 
surface into an internally reflected ray of intensity $(1—v*)v*, 
and a refracted ray of intensity $(1—v?)?. 
A similar division will take place at each surface with every 

successive internally reflected ray. 
The intensity of the light passing out of the plate on the side 

on which it entered will be 
3(1—v*)? jv? + oF +09 + &e.t, 

and therefore the whole intensity of the reflected beam is 
$v? + 5(1—v7)?(v? +08 + v0! + &e.) 

1—v? Ll vee 

=5e{14 a 7 oe 4 ge 

Hence the intensity of the beam which is refracted through the 
plate is 

i, eae a0. et ae 
ah 1 D° 140? 

no light being supposed to be absorbed by the plate. 
Let the part which is reflected be represented by $47; then 

the portion which passes through will be represented by 4(1—A?). 
Now consider the action of the second plate on this portion, 

which has been refracted by the first plate. The successive re- 
fiections and refractions by the two plates will be of the same 
character as the successive reflections and refractions by the two 
surfaces of the first plate; also the intensities of the portions 
reflected and refracted by the two plates will bear the same rela- 
tion to k?, that the intensities of the portions reflected and re- 
fracted from the two surfaces bear to v*. Therefore as the intensity 
of the beam retracted through the two surfaces was changed from 

50 = as 5, 8o the intensity of the beam refracted through two 
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Lip idee hy Loker plates will be changed from 5 95°F ge sy 14302? 

and the intensity of the beam reflected from two plates will be 
5(2 1 ay By St Braye 
Ne 4k 214k 2 1480? 

Now let 
Ay? 12 

Lee eue.) 

then : 

ae tit 
and the intensity of the beam which passes through two plates 
will be $(1 —4?). 

Now consider the four plates of glass as two bundles, each 
consisting of two plates. Then it will be seen that the intensi- 
ties of the beams reflected and refracted by the two bundles will 
bear the same relation to A? that the intensities of the beams 
reflected and refracted by the two plates bear to 47. Hence the 

intensity of the light reflected by the two bundles is 

De Bk ol Sp 
— —e ——________ ® 

a 1+# ‘Wwe Cas 

and the intensity of the light refracted through the two bundles 
is 

1 1-#_1 1-¥ 
2142 2147 

Now let us consider the ray of intensity 4 which is polarized 
in a plane perpendicular to the plane of incidence. It is clear 
that the intensity of the beam arising at any surface from this 
ray will bear the same relation to w* that the intensity of the 
corresponding beam arising at the same surface from the other 
ray bears to v?; hence the intensity of the em from this ray, 

ban four 
which is reflected from four plates, = 3°T47 

1 1—w’? 
sity of the refracted beam through four plates = 3 Ta 7uF 

Th and the inten- 

Hence the whole intensity of the reflected beam is 
by (ou 1) oe" ) 
2° 147% a 2°14 7w? 

and the whole intensity of the refracted beam is 
1 i=? 1 I—w’? 
2 Lert T2147 
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The intensity of the polarized light in each beam being 

A a Nad pal A 
€ L+7u? 2 14-702) 

. ° : = 
1 _ But the intensity of natural light in the reflected beam is 1470” 

and in the refracted beam is pitern 
1+7v? 

Hence the degree of polarization in the refracted beam is 

l—w? 1—v?? 
1+7w? 147? 8 (v?—w?) 
l—w? Lo (14:70) (1—w) + (1 +70?) (1—v?) 
1+ 78 * 14703 | 

Let sin (6—¢,)=y, and sin (6+ ¢,)=2; then v= z and 

tan? (6—¢,) 1—2z\  1—v? 
—7)2 — fan eee Poe Nude A oe ee 2 ap) ee eas 1—w?=1 fan® (644,) 1l—v ant Ie 

also 
5 eae ve2—vy? —_ y?(1—v2) 

eee nee) is a vy —w=V*—v emg [epee ee ? 

and 
2__ 2,9 1+ 7w? 1+7v = 8y 

lay 
— v 

1—y7? 

denominator, and calling p and n the intensities of polarized and 
natural light, we get 

Dividing out by the common fraction in numerator and 

Dp beri woghitr Sys a1 16 Snare ie ae 
p+n (L+7%v?) +(14 70? —8y?) ~~ 1+70?—Ay? 

From the above relations it appears that 

1—v’= (1—w’).cos* (6—¢,); 

vu? =(1—w%) sin? (d—$,) =(1—0°) tan? (6—4)), 
1 +0%—2y?=(1 +0") . cos! (6-43) 
1480? —4y?= (1 + 8?) . cos’ (6—4,), 

1 +7028 y= (1+ 7w*) cos? ($$). 

also 

and 



common Light obliquely incident on parallel plates. 209 

and generally 

1+ (2m—1)v?—2my?={1+ nih . cos*(p—d¢,). 
Hence 

Vid _ 4sin® (6—¢)) _ Aig 
n+ 2p rete hat Mt ios es oul 

sin? ($—$,) | sin? ($+6,) 
or 

—— 4y/? __ Atan? (6—¢,)) 
nm 1+7v?—8y? 1+7w’? 

ied I is 7 

| tan? (b—,) © tan? (p+ 4) 
[t appears, then, for a single refraction at a single surface, 

that ) 
3 (0° —w*) _ _ sin’ (6-4) 

3(1—v*) +3(1—w*) 1+ cos*(6—4,) 

or the degree of polarized light in the refracted ray depends 
only on the deviation. 

Now 
sin d=p sin dy ; 

and from this equation we must determine the values of 

sin? (p—¢,) and eri 
for different values of , from which we shall have 

a ey 
pin sin? (p—¢)) SRI ge ae 

1+7 Cac ath sin (p d,) 

or 

1 Bp Ses 
n+p _ sin?(6—¢,) "sm? ($44) 
ig WELGak Dae alka 

Now suppose that before falling on the plate the light is po- 
larized in the plane of incidence, and that p represents the part 

p+5 
polarized and n the natural light, then cm is the intensity of 

the first ray, and say the intensity of the second ray ; hence 

Phil, Mag. 8.4, Vol. 41. No. 272, March 1871. P 
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the degree of polarization in the refracted beam is 

Ty? n lw? 

Nene a)14+ 72 2°14 7u 
aa (0 ta a 1—w? 

+ o)i tte 5 14 7u 
‘ 1—»? nee 8(v? —w*) 

PU 4 7 2 ETT) | 
~ Lv? on 1—w? pene) 

PTT ven l+7v?; 

p(1-+7w?) ~5 . Stan? (b—¢,) 

bia ee —8sin?(d— ,) 

PNT dae cos? ($4) 
p(1+7w*) — 5.8 tan® (p—¢,) 

p(1+7w?) + (1+ 70?) + 5 . Stan? (b—¢,) 

Expressing the result in terms of v?, we get 

A+ 7) =(0+ 5)8sin* 6-4) 
Pats n-tn) (1+ 70%) re FASE ?.) 

or 

n\ 8sin? (¢—¢,) 

aladee 5) Ler 
Rit n 

When the light is completely ee by the four plates, 
then 

sill cieg BON ee 
Tt 1+7v? sin® (¢—¢,) 

ae crit sin? (+ $,) 
lili ciel xin Susepled ceeelhnal pte = Et TYNE 7 ; 

, sin*(6—¢,) sin? (p+ ¢,) 
hence | 

Dee 4 ; 
n+p 1 7 4 

sin? (6—¢,) on (+4) — 
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which is the same as the value obtained for the relation of pola- 
rized to natural light when a ray of common light is refracted 
through the plates. 

Assuming a value of ~=1°5 for crown glass, we may form a 
Table of the degrees of polarization for differentanglesof incidence. 

Table for »«=1°5 (crown-glass). Angle of complete polariza-. 
tion =56° 18! 36", log w='17609, log 7="84510. 

‘i 10°, | 15°. | 20°. 22° 30’. | 25°, | 30°. | 35°, | 40° 

wf. = ‘0107 | 02443} 04430] -05683 | -07111| *10498} -14745] -19845 

For «=1°513 

oe = | -01103) 02504] -04540/(-05813) | 07267] +1076 | 1509 | +2029 

Probable values for w= 1°54. 

P = |-0116 be O476 | ssssscees 076 |-113 [+158 |-212 
n+p 

g. | 45%, | 50° |. 58°, 56°18! 36" 60°. | 65°. | 70°. | 72°. 

a = | 25786] 32383] 39231! -40984 |-4560 | 50530) 5309 | 53305 

For p=1°513 st 30) 
1 

aR 2635 | +3305 |-3999 | 4204 | -4642 |-5139 | 5394 |(-5416)). 

Probable values for 4 = 1°54. 

meee” bore, | 3H Tae eet 481 |-581 |-556 
n+p 

From the Table, for the values of we see that for four 
N-r 

plates the proportion of polarized light in the beam which passes 
through the plate still goes on increasing when the incidence 
becomes greater than the angle for complete polarization, and 
that at about 72° it attains its greatest value, when there is 
about 53 per cent. of the light polarized. 

I have also formed a Table for w=1°513, of which the results 
are given; and from these we can derive close approximate values 
for the proportions of polarized light for values of w not differing 
much from these values. 

The probable values for w=1'54:are given in the Table. 
If we employ the four plates as a depolarizer to determine the 

proportion of polarized light in the incident beam by reducing 
the light to its ordinary unpolarized state, then (as before ex- 
plained) the proportion of polarized light in the incident beam will 
be given, for any angle of complete depolarization, by the value of 

ee for that angl gle, 



212 Prof. W. G. Adams on the Polarization of a ray of 

‘ That the reasoning from the analogy between plates and re- 
fractive surfaces is correct will readily appear; and the law of 
intensities may at once be deduced. 

Consider only the ray of intensity 4 which is polarized an the 
plane of incidence. 44? is reflected by the first plate, and 
4(1—A?) is refracted through it. Of this latter portion, which 
falls on a third refracting surface, (1 —v?) is refracted and 
v® is reflected ; so that 4(1—4?)(1—v?) is the intensity of the 
refracted portion, and 4v?(1—A?) of the reflected portion. In 
these are included all the rays arising from the successive internal 
reflections inside the plate which take place before reflection by 
the third surface. ) 

The reflected portion 4 v?(1 —£*) falls upon the first plate; and 
the portion of it refracted by the plate is 4v?(1—?)?, the por- 
tion reflected being 4v?k?(1—k*). These portions include all 
the rays, however internally reflected, which have only been once 
reflected bythe third surface. The reflected portion $v?k?(1—k?) 
falls on the third surface; and 

4 vk? (1—4?) is reflected back to the plate, 
while 

4 v*k? (1 —k?) (1 —v?) is refracted through the surface ; 

similar reflections and refractions take place; and the whole 
intensities of the refracted beams will be 

3(1—A?) (1—v? $1 + v?k? + v4k4 + &e.} 

1 fei) tao acaae i =2(1—#) (1-0 fe. 
of the reflected beams will be 

Zu? +3(1—A*). {0? + 07k? + vk + &e.t 

= 50 41 +(1 #9) | 

Of the portion 4(1—A?) which falls on a second refracting 
plate, the intensity of the reflected portion will be 

LRP), 
and of the refracted portion 

4 (1—k?)*. 
In these are included all the rays, however internally reflected, | 
which have only been once reflected at the outside of the first 
surface of the second plate. 

The portion again reflected by the first plate is 

=H), 
and the portion refracted is - 

4 k2(1—k?)? 
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This latter portion forms a part of the total beam reflected by 
the two plates. 
Summing up the reflected and refracted portions, we get the 

intensity of the reflected beam 

= oh? +5(1—F*)*. S14 +h + &e.} 

=aP4l+ pa} saree rear 
The intensity of the refracted beam is 

1 1 1—k? 

2 rary 
We may in the same way determine the intensities of beams 

reflected from successive plates ; and it will readily be seen that 
the intensity of the reflected beam is 

i. 2mv? 

2 14+ (Qm—1)? 

~) l—v 

1+ 302 
(V—#?)*. $1 + k*-+ 18 + &e. 

1 na 

and the intensity of the refracted beam 

Lo ee 
2 14 (m—1)?’ 

where m is the number of plates. 
If we consider the beam polarized in the plane at right angles 

to the plane of incidence, the reflected portion will be 

hic 2mw 

2 1+ (2m—1)w? 

and the refracted portion 

AU Sean 
~ 2 14+ (2m—1)w? 

The intensity of polarized light in each beam is 

i 1—w? batt iel as 6 } 
2 L1+(2m—1)w* = 14+ (2m—1)v?J ’ 

, 2mw? 
the intensity of natural light reflected being 1 Gi? and 

1—v? 
refracted bein £ T+ Qm—1)*" 

Let p and n represent the proportions of polarized and natural 
light in the refracted beam, then 

a 
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1—w? 1—v? 

p _ 1+Qm—1)w? 14+ Qm—1)0? 
n+p 1—w? bse 1—v? 

1+ (2m—1)w? © 1+(2m—1)v” 

2m(v? — w?) 
= {1+ (Qm—1)e?} (1 —w®) + (1—v) {1 + @m—])w?} 

ves 2m sin® (¢— ?,) 

~ 1+ (2m—1)v? + cos* (6— d,) {1+ (2m—1)w*} 

ot m sin? (6—¢,) 

~ 1+(2m—1)v?—m sin? (b— ¢,) 

La cont arene Oo eso aT 
~ 1+ (2m—1)w? +m tan? (b—¢,) 

These expressions may conveniently be put in the form 

or 

| Ucaaechy m 

n+p it (2m—1) iy 

sin’ (6—¢,) " sin? ($+4,) 
or 

1 2m—1 

ntp_sm(g—$,)  sim?(6+6) 
m nm p 

For a given value of m (as, for instance, when there are four 
plates) this expression for the degree of polarization may be 

ti 
+ 

readily calculated; and, as we have seen, F expresses the 

proportion of polarized light in the incident beam when the 
light is completely depolarized by the plates. 

XXVIII. Investigations on the Electrophorus. 
By W. von Brzotp*, 

So time ago Professor Beetz called my attention, in con- 
versation, to the circumstance that the experiments on the 

electrical deportment of an electrophorus-cake do not always 
succeed with that certainty which might be expected from an 
apparatus whose functions are supposed to be thoroughly known. 
As just at that time I was engaged on my recently published 
experiments on the electrical discharge, and as I had at hand 
the sensitive mixture of powdered red lead and sulphur, it at 

'* Translated from a separate impression, communicated by the Author, 
of a paper read before the Royal Bavarian Academy of Sciences, July 2, 
1870. 
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once occured to me to use this mixture in testing the electro- 
phorus-cake. I was thereby convinced, not only that this powder 
furnishes an excellent means of investigating the working of 
the apparatus, but also that this working is far from being so 
completely understood as is generally assumed. 

_ The only theory of the electrophorus corresponding to the 
present state of science is that of Riess*; and it is this which we 
find in all the text-books of physics. The essential part of this 
theory is that during the rubbing of the cake three layers are 
formed—two ‘of the same kind on the two surfaces, and one 
electrically opposite in the interior. Of these, one is supposed to 
pass to the form, so that only the two opposite electricities re- 
main upon the cake ; by their cooperation all the phenomena may 
be explained on known laws. | 

This theory contains two very doubtful points. First, the 
experiment upon which Riess bases his assumption of three layers 
may just as well be explained in a different and, indeed, simpler 
manner. Secondly, it is not very easy to understand why elec- 
tricity should pass from the cake to the form, and not between 
the cover and the cake. 

In the sequel it will first of all be shown that the first-men- 
tioned experiment must indeed be differently explained. A new 
theory, prompted by the experiments, will be proposed, by which 
the second point will also be readily explained. 

I must, however, first of all briefly discuss the methods which 
may be used in such investigations, in order to explain the signi- 
ficance of the powder mixture for this purpose. 

§ 1. To investigate the deportment of the individual parts of 
an electrified insulator two means have heretofore been principally _ 
in use. Hither the body has been laid directly upon an electro- 
scope, or, when this was not possible, a proof-plane was used for 
transference. The results thus obtained must be used with great 
caution if they are not to lead to false conclusions. 

Assuming that, after having laid an electrified body (for in- 
stance, an electrophorus-cake) on the cap of an electroscope, a 
positive deflection has been obtained, we can by no means con- 
clude that there is positive electricity at the place in the body 
investigated. Such a deflection only teaches that at the place 
in question negative electricity is attracted and positive repelled. 
If the divergence continues even after the removal of the body, 
either positive electricity has passed to the electroscope or nega- 
tive to the body. 

Hence by the electroscope we only ascertain the direction of 
the force-components acting at the point in question. The use 
of the proof-plane may lead to still greater errors. It may be 

* Die Lehre von der Reibungselektricitdt, vol. i. pp. 291-305, 

oi AS SE PED kaa = 
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used in two ways; either first the body to be tested is touched 
with it and then the electroscope, or when first in contact it is mo- 
mentarily connected with the earth. It may happen in the first 
case that the disk when raised has no electricity, even when at 
the place touched there was some, or quantities otherwise distri- 
buted have really exerted a decomposing action at the place in 
question. Here the question is solely and simply to know 
whether the force at work between the insulator and the proof- 
plane is strong enough to permit electricity to pass between the 
two. Only when this is the case can an electroscopic indica- 
tion be obtained, which, however, gives nothing more than the 
direction of the force which acted at right angles to the proof- 
lane. 

? The other mode of testing with the aid of the disk is princi- 
pally applicable when the forces at work are too small to permit 
a passage between the body and the disk. The repelled elec- 
tricity is then removed by the earth-connexion, and only the 
attracted remains, and then gives a deflection on the electroscope. 
If, however, the action upon the disk was too powerful, the thin 
layer between the body to be tested and the proof-plane is tra- 
versed by sparks, and afterwards no indications at all, or at most 
too feeble, are obtained. Of course in this case, too, we only 
acquire information as to the direction of the force, without any 
indication as to its locality. Conclusions as to the magnitude 
of this force are entirely untrustworthy ; for we can never be cer- 
tain whether inthe present case the thin layer of air has acted 
as a complete insulator, or whether it has been traversed by 
sparks. 

But, apart from this uncertainty, testing with the earth-con- 
nected proof-plane is accompanied by another great evil. On 
such a disk the value of the potential function is always =0. If 
now electricity is only diffused on non-conductors (that is, bound 
to solid points), by approaching such a disk, not the distribution 
of the force, but its direction is everywhere altered. On the 
contrary, if electricity is also distributed upon conductors, the 
arrangement of these quantities of electricity is materially altered 
by the approach of the proof-plane. Hence all the data which 
are obtainable, even in the most favourable cases, with the aid of 
such earth-connected planes only refer to the greater or less mo- 
dification of the system of forces by the presence of the plane. 
More favourable are the circumstances when the sensitive mixed 
powder is used as the test. 

It is true that primarily only the direction of the component 
normal to the surface is given by its means; that is, we know 
that at the places covered with the yellow sulphur negative 
electricity 1s attracted towards the surface, and positive at those 
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covered with red lead. But in this case we have the incalculable 
advantage that this result is not obtained merely for one single 
point. as by the direct application to the electroscope, or as 
the mean value ofa larger surface is obtained with the plane, but 
that the electrical deportment of each individual point of ex- 
tended surfaces may be seen at aglance. Moreover the peculiar 
arrangement of this powder enables us to draw a tolerably safe 
conclusion as to the seat and the origin of the quantities of elec- 
tricity in operation. 

A rubbed surface after being sprinkled exhibits bands which 
indicate the direction of the rubbing. If electricity has passed 
to the disk by a spark, peculiar dust figures are obtained; and 
after glimmering discharges, spots of dust. If, however, it is 
a case of action at a distance, larger portions of the surface are 
found uniformly covered with one and the same powder. The 
least action exerted by the disturbing influence of adjacent bodies 
(a point, &c.) is at once perceptible to the eye; and any one who 
will take the trouble to repeat with a good (polished) ebonite 
plate the experiments subsequently described, will be astounded 
at the simplicity and precision of the means mentioned and at 
the beauty of the phenomena. He will also at the same time 
be convinced that the results obtained with the means hitherto 
employed, just on account of such local disturbances, must always 
be liable to great uncertainty. 

From this point of view the following very instructive experi- 
ments may be made, which afford an excellent opportunity of 
studying the points here mentioned. 

If on one surface of an ebonite plate which rests upon insula- 
ting supports, and is beyond the sphere of action of points, a 
positive spark is passed by means of a needle, after sprinkling, 
a yellow star is obtamed upon the upper surface. Upon the 
lower one, on the contrary, a yellow spot with indistinct edge is 
obtained, the magnitude of which is about equal to that of the 
star. Ifnear the lower surface there was a point or a flame, an 
indistinct red spot is observed on this surface. If, finally, the 
plate lay upon a metal plate in connexion with the ground, after 
the sprinkling on the lower surface a well-defined red spot is 
formed, the extent of which is less than that of the positive star 
—that is, anegative Lichtenberg’s figure. In the first case elec- 
tricity was only active on the upper surface, which indicated also 
on the lower surface its presence by action at a distance only. 
In the second, negative electricity had really passed to the lower 
surface, but only by a glimmering discharge, in the third, how- 
ever, by a spark-discharge. 

If an insulating surface to which a powerful discharge passes 
be covered with a perfectly unelectrical insulating plate (ebonite 

—— 
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or glass), and if the latter be sprinkled, a yellow or a red spot 
will be obtained which will have approximately the same extent as 
the positive or negative figure formed upon the lower plate. If 
the cover be raised before the sprinkling, no trace of such a spot 
will appear upon it. The first case, then, is only the result of 
an action at a distance. 

Besides the means hitherto mentioned, there is another which 
in many cases yields very beautiful results. We may investigate 
the magnitude and direction of the action at a distance in the 
vicinity of the body to be investigated. We may then draw a 
conclusion as to the arrangement of the masses in action, as is 
done in the case of terrestrial magnetism. For this purpose I 
constructed a small shellac needle 4 centims. in length, at each 
end of which was a pith ball, and which, like a torsion-balance, 
was suspended by a cocoon-thread. One ball was negatively 
and the other positively charged; and it behaved in respect of 
electricity like a magnetic needle in reference to magnetism. 
From the centre of the needle a very light plumb was hung (a 
cocoon-thread loaded with a minute weight), nearly reaching the 
plate, which was provided with a network of squares 5 centims. 
in the side. While now the plumb was brought as accurately as 
possible over a corner of this net, the direction of the needle 
could be determined with tolerable accuracy by sighting, and. 
thereby the direction of the horizontal components. Observa- 
tions of the vibrations now gave their magnitude. 

A comparatively small number of such observations places one 
in a position to construct a series of level-surfaces which give the 
most interesting conclusions. 

In this investigation I have used this means also, but, for want 
of space, must defer the communication of the interesting results 
for more complete publication in another place. For the pre- 
sent, it may be sufficient to remark that these results are in com- 
plete accordance with the theory here developed. 

§ 2. This being premised, I will turn to the chief point of 
this investigation—to the question of the three layers of electri- 
eity in the cake of an electrophorus. 

Against the assumption of these three layers, objections to 
the same effect have been urged in another quarter since I com- 
menced the present investigation. Poggendorff, mm a paper 
““Qn the manner in which Non-conducting Substances are acted 
on inductively,” expresses the view that we must conceive the 
influencing of non-conductors transferred to the surface—a view 
which. seems to me perfectly correct in the case of the influencing 
of such bodies. If in the sequel I do not adopt this view, it is only 
because the facts may all be explained as a simple case of action 
at a distance, and it is unnecessary to assume that the insulator 
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or its surfaces are influenced. Moreover my entire theory may 
be altered so as to fit in with Poggendorff’s point of view, and a 
decision between the two does not seem possible as long as we 
have no clear conception of the manner in which electricity passes 
to an insulating-surface. 

The experiment on which Riess* bases his assumption of the 
three layers in the electrophorus-cake is the following :— 
Ifa resin (shellac or ebonite) disk held in the hand be rubbed, 
when tested by an electroscope it will exhibit negative electricity 
on both surfaces. If, however, the disk be rubbed while it is placed 
on a metal plate, the rubbed surface (A) will indicate negative 
electricity, but the lower (B) none at allt. If now the nega- 
tive electricity of the rubbed surface (A) be removed by passing 
it through a flame, the positive electricity of the lower surface 
(B) can be at once recognized, and the upper surface (A) will 
appear unelectrical. If the lower surface (B) be then passed 
through the flame it will be unelectrical, and the upper one 
negative. By repeating this, first one and then the other sur- 
face may be alternately made unelectrical. 

These experiments are quite correct, and may be very beauti- 
fully repeated with the powder-mixture; we shall subsequently 
revert to them, when all the experiments relating to the theory 
of the electrophorus have been described in their due connexion. 

To complete this series of experiments, it must be added 
that, instead of. laying the cake while it is rubbed upon a metal 
plate, it may just as well be held in the hand and the unrubbed 
surface afterwards passed through a flame. From these experi- 
ments, Riess concludes that there are three electrical layers in 
an electrophorus-cake rubbed while itis held in the hand. This 
assumption is quite superfluous. Remembering the well-known 
fact that the action of electricity at a distance is the less altered 

- by the interposition of an insulator the more perfect this insu- 
lator, it is intelligible that a cake of such a material, after elec- 
trifying one side, must exhibit exactly the same phenomena, even 
if no other force is at work than that action at a distance. 
For while by applying the rubbed side A the negative electricity 
produced by friction passes directly to the electroscope, by ap- 
plying the surface B the positive electricity excited by induction 
in the electroscope will pass to B, and the electroscope will 
therefore also diverge with negative electricity. 

If the disk lies durmg the rubbing upon a metal plate, in 
consequence of the action at a distance exerted by this rubbed 
surface, in this plate the electricity is separated, and positive elec- 

* Die Lehre von der Reibungselektricitat, vol. i. p. 294. 
+ This, however, is only the case if the rubbing was strong enough. 

When feebly rubbed the disk acts just as if it were merely held in the hand. 

a) Tae et ee * in a 
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tricity passes to the surface B in the form of sparks. But this 
quantity of electricity is insufficient to overcome the action at a 
distance of the negative electricity of A, and hence it will not be 
recognizable by the electroscope. Indeed, on the average, as we 
shall afterwards see, the action of the primarily excited negative 
electricity will still somewhat predominate. Investigated bymeans 
of the powder, the positive star is seen upon B—not, however, 
yellow on a neutral ground, but d/ack (that is, free from dust) on 
a red ground, if the disk was dusted while held in the hand, or, 
still better, laid upon high insulating supports. That is, the 
action of the primary negative electricity prevents the nega- 
tive sulphur from lying upon the places covered with positive 
electricity ; and the presence of such places is only evidenced by 
the smaller attraction which they exert towards the red lead. If 
the action at a distance of the primarily excited electricity be 
diminished by placing the disk with the rubbed side upon a 
plate in connexion with the earth, yellow stars will appear im- 
mediately after the dusting. 

The experiments with the flame may be explained in an en- 
tirely analogous manner. If, for instance, the unrubbed side B 
be passed through the flame, it is readily seen that on this side 
positive electricity must be accumulated, even if it be assumed 
that there was previously no electricity upon it, and that its elec- 
troscopic indication was only occasioned by the action at a dis- 
tance of the electricity primarily excited upon A. We may even 
suppose that the decomposition by induction is transferred to the 
flame itself, or to the layer of precipitated vapour which is every- 
where formed on the plate when the flame is passed overit. But 
in that case negative electricity must be removed by the action of 
points of the flame, while the positive electricity remains upon 
the surface. 

If now the surface A is treated with the flame, the negative 
electricity present can only partially be removed, since it is mostly 
bound (if 1 may be allowed the expression) by the positive of the 
surface B. Of course the positive electricity now present upon 
B preponderates ; and thus, as Riess states, by alternately passing 
the surfaces through the flame, first one and then the other elec- 
tricity will preponderate, of course with continually diminishing 
intensity. Making the experiment with the mixed powder, if 
first of all only a small place upon a plate of ebonite 1s rubbed, 
we see red and yellow spots alternately formed upon the corre- 
sponding sides. 

In order to explain the positive electricity which appears upon 
Bafter it has been laid upon an earth-connected plate, or has been 
once treated by the flame, Riess assumes that there is a positive 
layer in the interior. Hence, to explain the last-named fact, he 
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ought to have assumed a series of alternately positive and nega- 
tive layers in the insulator. 

It has hitherto only been shown that the facts observed by 
Riess may be explained otherwise than by the assumption of 
three layers. It now remains to prove that they must be other- 
wise explained. This may be done with the aid of an experiment 
which is quite analogous to one described in the paper in Pog- 
gendorff’s Annalen already cited. If the disk be electritied while 
it is not lying on the bottom plate, and if it be treated with the 
flame first of all upon the rubbed and then upon the unrubbed 
side of the plate, on Riess’s hypothesis the positive layer must 
predominate, which is said to have been in the interior of the 
insulator. On my view, on the contrary, the plate should be 
quite unelectrical. 

Experiment shows, in fact, that the plate really loses all elec- 
tricity. But it must be made with great caution. I could only 
getit perfectly clear by taking a larger ebonite plate (at least 25 
centims. in diameter), and by only rubbing this in one small 
place in the middle. When a greater part of the surface was 
electrified or a smaller plate used, it could not be avoided that 
some positive electricity should pass from the tips of the fingers 
of the hand in which it was held, from the sleeves, &c. to the 
unrubbed side; and thus the experiment became indecisive. An 
investigation with the powder-mixture makes evident all such 
disturbing influences. 

§ 3. The experiments are now to be described which serve as 
basis for the new theory, which is founded only on electrical 
action at adistance. A few repetitions could not here be avoided, 
as they were indispensable for the comprehension of the whole. 
Two cireular ebonite plates were used for the experiments. One 
was 5 millims. in thickness, and its diameter was 45 centims. ; 
when used as an electrophorus-cake, it was placed upon a zinc 
disk 52 centims. in diameter, and had a cover 45 centims. in 
diameter. The other plate was only 4 millims. in thickness, 
and its diameter was 23 centims. Hxperiments were moreover 
made with plates of ordinary green glass, and identical results 
obtained—of course, with the opposite sign. 

The larger of the two ebonite plates had already been in use 
for a year as an electrophorus-cake, and in accordance with this 
was ordinarily protected by its cover. Oddly enough, at the out- 
side edge of this plate, where it was exposed to the light, a 
breadth of 5 centims. exhibited a totally different behaviour from 
that of the central part. The small plate was quite new, and in 
its entire extent behaved exactly like the central part of the 
other. As I convinced myself both in this manner and other- 
wise that that peculiar deportment of the edge had its origin 
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only in.an alteration of the surface, and not in the nature of the 
electrophorus, I take no account of it in this preliminary notice. 
The descriptions refer only to a new plate, or to the part of 
an old one which has been protected by the cover. 

- With these plates the following experiments were made :— 
First Experiment.—If the cake be rubbed while supported 

vertically on a table and only held loosely at the upper edge, 
after. the dusting it will be found covered on both sides with red 
oxide of lead. The two surfaces present nevertheless different 
appearances. The rubbed surface exhibits streaks, from which 
the direction of the rubbing may be inferred, occasionally inter= 
mingled with yellow places. On the other side, on the contrary, 
the powder is tolerably uniform. With stronger rubbing the 
passage of positive electricity to the plate cannot be avoided, as 
can be readily ascertained after sprinkling with the powder. 

The explanation of this experiment has been. given above. 
Here it is a case of a single negatively electrical layer, and hence 
positive electricity is attracted on both sides. | 

Second Experiment.—lf the plate be feebly rubbed while it is 
lying upon the form (abgeleitete Bodenplatte), after being lifted 
up and dusted it acts just as if it had been rubbed in the air. 
If now the cover be laid upon such a cake resting in the ordi- 
nary manner upon the form, a positive spark may be taken 
from the cover which has been lifted off. Butif the cake be in- 
verted so that it les with the rubbed surface upon the form, the 
cover after bemg removed gives either no electricity at all, or at 
most only traces. If, however, the cake, while its rubbed side is 
still turned towards the plate, be laid upon insulating supports 
(for instance, rods of sealing-wax), positive electricity is obtained 
from the cover when it is laid upon it and removed in the ordinary 
manner, and the more the higher the supports are. 

These experiments show that, with very feeble primary electri- 
fying, electricity passes neither between the cake and the form 
nor between the cake and the cover, and therefore that in this 
ease only that which is directly excited can come into play. 

lf now the cake rests in the normal position on the plate, the 
action of the originally excited electricity upon the cover is but 
little enfeebled by the positive electricity attracted on the far 
more distant form, and hence the cover when raised must exhibit 
distinct quantities of positive electricity. If, on the contrary, 
the cake has its rubbed side turned towards the form, owing to 
the positive electricity collected in the closely adjacent form, the 
action of the originally excited electricity.upon the far more dis- 
tant cover becomes extremely small, and hence when raised the 
cover will be found to be unelectrical. 
A simple. calculation shows that the quantities of electricity in 
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the two positions upon the cover must be as D to d*; D being the 
thickness of the cake, and d the thickness of the layer of air be- 
tween it and the form (relatively tothe cover). But this ratio 

= is in any case a very large number. If, however, the cake 

is removed from the form, the positive electricity collected upon 
the form loses its influence, and to a greater extent the higher 
the supports ; the primary again begins to operate, and the cover 
must therefore yield positive electricity. 

Third Experiment.—If while the cake lies on the form it be 
pretty strongly rubbed, after dusting the rubbed surface there 
will in general be no essential difference from the previous case. 
Only when the rubbing is too strong, which may be recognized 
by a crackling sound when the cover is laid upon the cake, 
can a circle of yellow rays and stars be observed in those parts 
over which was the edge of the cover. We will first of all neg- 
lect this case, and assume that the upper surface presents the 
appearance previously described; it will now, on the contrary, 
be found that the lower surface exhibits a highly remarkable 
and for the most part very beautiful image, and one which dif- 
fers according to whether the cake during the dusting (with the 
surface A) was on the form or on high supports. 

In the former case the entire surface is covered with yellow 
stars which have partially a red central spot; in the latter case 
no sulphur sticks to the surface, but the same stars appear 
black (that is, free from dust) upon the surface. If the dusting 
has been effected in the first position, and if then the cake be 
raised, the sulphur flies from the stars towards the edge. 

This experiment teaches that during the rubbing the space 
between the form and the cake is traversed by sparks, and the 
positive electricity strikes on the cake in the form of the well- 
known stars. 

But the quantity of this positive electricity is far smaller than 
that of the negative which is on the surface A, because, when the 
latter is not bound by the positive electricity attracted in the 
form, the action of the primarily excited electricity preponderates ; 
for after the raising the sulphur is not attracted, but repelled, by 
those parts, which are undoubtedly covered with positive elec- 
tricity. 

This affords an excellent example how the electricity present 
at a definite place may be made electroscopically imperceptible 
by the stronger action at a distance of quantities elsewhere dis- 
tributed. 

The accuracy of the opinion above expressed may be tested 
by a further experiment; for if it is true that the positive elec- 

* More accurately as D+d to d, 
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tricity which has passed to the lower surface can only come into 
operation when the stronger electricity originally excited is 
bound, after inverting the cake neyative electricity can only so 
long occur in the cover as the cake is near enough to the form, 
while with increasing distance of the cake a position must be 
reached at which the sign of the spark taken from the raised 
cover changes. That this is the case is seen from the follow- 
ing experiment. 

Fourth Experiment.—If the cake of an electrophorus which 
has been strongly rubbed in the normal position be inverted and 
laid with the rubbed side upon the form, the cover after being 
touched and raised will yield negative electricity. But if the cake 
be laid upon gradually higher supports, the quantity of negative 
electricity furnished diminishes with extraordinary rapidity, dis- 
appears completely at a certain distance betweeh the form and 
the cake, while at greater distances gradually stronger positive 
charges occur. This can be admirably seen if, instead of an 
electroscope, dust-figures are again used, if the cover after each 
time of lifting be brought into contact with a conductor placed 
upon a test-plate; for then continually decreasing negative 
figures are obtained, followed by continually increasing positive 
ones. 

Fifth Hzperiment.—The experiments previously instituted 
have shown that when the electrifying is not excessive, no elec- 
tricity passes between cover and rubbed surface, as indeed has 
always been assumed, while it does pass from the unrubbed sur- 
face and the form. ‘This remarkable fact will be more easily 
comprehended from the following experiment. 

If the cake be rubbed while it lies upon insulating supports, 
and if it be then covered with an entirely unelectrified ebonite or 
glass plate, and if then a conductor be placed upon this latter— 
after dusting, positive figures will be seen upon this plate. These 
become much smaller if the cake be laid upon the form. The 
conductor might also be placed directly upon the cake; but this 
would in general yield no trustworthy results, since the shape of 
the figure formed upon the part rubbed always depends on the 
very varied excitation of the individual places. 

This experiment teaches that by the vicinity of the form, and 
of course also by the positive electricity deposited upon the 
surface B, the decomposing force which A can exert upon a 
higher point is diminished. Hence a transition of electricity 
takes place more readily between the cake and the form than 
between the cake and the cover, which is only subsequently placed 
upon it; for the electricity originally excited is for the most part 
bound by that on the form and the surface B. If the original 
excitation was too powerful, the space between cover and cake 
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may always be traversed by sparks ; part of the originally excited 
electricity is thereby neutralized, and we have the original case. 
Hence it is that for each electrophorus there is a maximum 
action, depending on the condition of the air, which cannot be 
exceeded by any rubbing, be it ever so strong. All this may 
indeed be deduced from the known fundamental principles of 
electricity ; it nevertheless-seemed desirable to confirm this by a 
special experiment. 

From the experiments here adduced it follows that all pheno- 
mena observed on the electrophorus may be explained by action 
at a distance, and that it is unnecessary to have recourse to 
the assumption of an inductive action in the insulator. All 
these explanations may readily be put into a mathematical 
form. This will be done in the more complete paper, in which 
much of the experimental detail will be discussed. Here I was 
only concerned to produce in their connexion the most essential 
experiments, and to give their explanation in general outline. 

Briefly summed up, we may say that the process in the ordi- 
nary mode of using the electrophorus is as follows :— 

The electricity produced by rubbing the upper surface of the 
cake acts inductively upon the form. 

If the original excitation 1s strong enough, the (opposite) elec- 
tricity of the form traverses the space between the latter and the 
cake, and passes to it, forming spark discharges. 

Both by this electricity which has passed, and by the residual 
electricity in the form, the primarily excited of the upper surface of 
the cake is partially bound. 

The force which is operative in the space between the subsequently 
superimposed cover and the cake is by this diminished, and an ex- 
change of electricity in this space 1s prevented. 

The electricity of the opposite kind produced in the cover by the 
induction of that primarily excited remains upon it, and by con- 
ducting off electricity of the same kind and raising the cover becomes 
free—that is to say, is made electroscopically active. 

All other accompanying phenomena may be explained from these 
points of view according to known laws. 

XXIX. On the Corona seen in Total Eclipses of the Sun. 
By Professor W. A. Norton*. 

or a former communication + I alluded briefly to the auroral 
- theory of the solar corona, and referred to publications in 

which I had advocated it. I propose now to give a brief 
discussion of the theory. 

* From Siliman’s American Journal for January 1871. 
t Silliman’s Journal for September 1870. 

Phil, Mag. S. 4. Vol. 41. No. 272. March 1871. Q 
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The grounds upon which I have maintained the auroral 
origin of the corona in different publications are the following : 

1. The corona cannot be the permanent atmosphere of the 
sun, shining by reflected light, since its outline is neither cir- 
cular nor oval, but exceedingly irregular, and it extends out 
from the sun many times further in some directions than in 
others. The utmost that can reasonably be maintained is that 
for a small portion of its outward extent, for which the grada- 
tion of light is nearly uniform, it may possibly be a solar 
atmosphere. ! | 

2. The natural indications of the aspect of the corona are 
that it is chiefly composed of separate masses of luminous 
matter, of unequal brightness and length, radiating out from 
different points of the sun’s limb. The general radiated struc- 
ture of the corona, and the great comparative outward extent 
of the luminous radiations in certain directions, have attracted 
the attention of the observers of all modern eclipses. Some 
streamers have been seen to extend more than 1,000,000 miles 
from the sun, while others did not extend to one quarter of this 
distance. ; 

3. Reasoning analogically from the earth’ to the sun, we 
naturally conceive the body of the sun to be surrounded by a 
permanent atmosphere. On the same grounds we should infer 
that the space exterior to this atmosphere is pervaded, either 
occasionally or permanently, by auroral streamers, similar to 
those which at times shoot out many hundreds of miles into 
space from the upper atmosphere of the earth. 

4. If the luminous radiations of the corona are in fact 
auroral streamers, we must expect that they will not be per- 
manent in their extent and position. Now it is well known 
that such is the fact; for the aspect of the corona has been 
very different in different eclipses (e. g. eclipses of 1842, 1851, 
1858, and 1860). It has even been maintained by some ob- 
servers that the rays of the corona had a flickering lustre, and 
varied in extent and position during the short period of a single 
eclipse. | 

5. Admitting, as we must, the actual radiated ‘structure of 
the corona, its individual streamers, or luminous radiations, 
may be conceived either to be permanently connected with the 
sun, or to be composed of luminous matter actually streaming 
away from the sun, to an indefinite distance, into space. If we 
adopt the former idea, we virtually admit that a permanent 
vaporous atmosphere of sensible density extends from the body 
of the sun to a distance greater than the sun’s diameter—a posi- 
tion that cannot with any plausibility be maintained*, In sup- 

* According to the recent spectroscopic determinations of Lockyer and 
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port of the other hypothesis we have the well-established fact 
that some form of luminous matter, belonging to cometary 
bodies, when it comes under a certain degree of influence from 
the sun, is projected or in some manner detached from the 
nuclei of these bodies, and repelled from the sun, and under 
the operation of the solar repulsion urged away from them to: 
an indefinite distance, forming the luminous trains by which 
they are attended. (See the author’s papers on Donati’s Comet 
published in Silliman’s Journal, Jan. and May, 1860, and July, 
1861; and the discussion of the Dynamical Condition of the 
Head of a Comet in the Number for Jan. 1859). To suppose 
that the rays of the corona are actual radiations of luminous 
matter, is only to suppose that a portion of the photospheric 
matter of the sun becomes subject to the operation of the same 
forces that we perceive the sun to exert upon a portion of the 
matter of comets. The luminosity of such radiations may be 
ascribed either to a reflection of the sun’s light, or to electric 
discharges. Upon this question, we shall see, important evidence 
was obtained at the total eclipse of August 7, 1869. 

6. If we adopt the auroral theory of the corona, and at the 
same time admit that the auroral streamers are actual emana- 
tions of luminous matter, the following consequences may be 
expected to follow. 

(1) A portion of the auroral matter emitted from the sun 
should fall upon the earth’s atmosphere, and may furnish the 
substance of terrestrial auroras, for which no terrestrial origin 
has yet been detected. 

(2) Upon this view of the possible origin of terrestrial 
auroras, the close correspondence that has been’ detected be- 
tween the periods of the sun’s spots and of auroras should sub- 
sist, if we allow that the spots are merely the natural result of 
the supposed discharges of the solar matter, prevailing for a 
time at certain points of the photosphere—or, indeed, if we grant 
that they are in any way the result of these discharges visible in 
the corona. 

(3) In the wave-propagation of the impulsive actions on the 
ether of space of the electric discharges to which we may ascribe 
the material emanations from the photosphere, and in the elec- 
tric and magnetic phenomena attendant upon the reception and 
accumulation of the solar auroral matter in our atmosphere, we 
have a plausible general explanation of the periodic and irregu- 
lar disturbances of the magnetic condition of the earth, and of 

Frankland, the solar atmosphere must be of exceeding tenuity in the 
region of the rose-coloured protuberances, just above the general surface 
of the chromosphere. 

Q2 
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their known physical relations to the sun’s spots. This theory 
of the origin of the diverse perturbations of terrestrial mag- 
netism I have elaborated, and followed out into a detailed 
discussion of the variations of the different magnetic elements, 
in former Numbers of Silliman’s Journal (viz. for March and 
July, 1855), 
We may add that it derives additional support from the 

general result arrived at by Professor Chambers, in his discussion 
of the “ Nature of the Sun’s Magnetic Action,” viz. that “the 
mode in which forces originating in the sun influence the mag- 
netic condition of the earth is not analogous to the action of a 
magnet upon a mass of soft iron placed at a great distance from 
it, but that these forces proceed from the sun ina form different 
from that of magnetic force, and are converted into this latter 
form of force probably by their action upon the matter of the 
earth or its atmosphere.” If this be admitted, then we must 
conclude that the perturbations of the earth’s magnetic con- 
dition, as evinced by the variations of the position and 
directive force of the magnetic needle, must result either from 
some action, direct or indirect, on the earth or its atmosphere, of 
some form of matter emitted from the sun, or from a wave- 
action propagated from the sun, or from both of these operative 
causes combined. 

(4) The streamers of the corona should have at different 
points of the sun’s photospherie surface different directions, 
parallel to the diverse directions of the magnetic force of the 
sun at this surface. These directions should be variously 
inclined, in different heliographic latitudes, to the horizontal 
lines at the points of the surface, and also to the plane of the 
sun’s equator; like the dipping-needle on the earth and the 
streamers of a terrestrial aurora. In low latitudes the angles of 
inclination to the plane of the equator should be large; and the 
streamers proceeding from corresponding points in the two 
hemispheres should converge and intersect in the plane of the 
equator. In proportion as these corresponding streamers 
proceed from points more remote from the sun’s equator, they 
will intersect under a smaller angle, and their poimt of inter- 
section will be more distant from the sun’s surface, until at the 
heliographic latitude of 50° to 35° they will become parallel to 
the plane of the equator. Those emanating from still higher 
latitudes will diverge from the plane of the equator and from 
each other*. 
- If these facts be attentively considered, it will be seen that 
the result should be the formation of a luminous appearance 

* It is here assumed that the magnetic equator of the sun is coincident 
with his heliographic equator. 



in Total Eclipses of the Sun. 229 

extending indefinitely outward from the sun into space, and 
elongated in the plane of his equator, and that to observers 
on the earth it would have an apparent form more or less 
triangular. 

The same fundamental conception which accounts for the 
solar corona and the physical relations known to subsist be- 
tween the sun’s spots and terrestrial auroras, as well as between 
these spots and the varied magnetic disturbances occurring on 
the earth, furnishes, then, an adequate explanation of the extent, 
form, and position of the Zodiacal Light. In fact we see that 
the zodiacal light is but the indefinite extension of the corona. 

We have here tacitly supposed that the solar emanations 
consist of magnetic matter projected with great velocity into 
space in the directions of the prolongations of the auroral 
columns, and proceeding on indefinitely in these directions; 
but if, like the cometic matter, they are exposed to a continual 
repulsion from the sun, the paths described by the receding 
particles would be hyperbolas convex towards the sun. The. 
point. of intersection of any two streamers proceeding from 
corresponding low latitudes in the two hemispheres, would 
in consequence be thrown to a greater distance from the sun ; 
but the general result, as to the form and position of the 
luminous appearance produced (the zodiacal light), would be 
the same. 

In support of this view of the origin of the zodiacal light, we 
may state that Cassini drew from his observations on the sun’s 
spots and the zodiacal light, made during the interval from 
1665 to 1688, the conclusion that a physical connexion sub- 
sisted between these two phenomena, and that the substance of 
the zodiacal light was, in fact, some emanation from the sun’s 
spots. Again, according to Arago, it appears, from the entire 
series of observations at Paris and Geneva, that the zodiacal 
light varies considerably from one year to another, and that the 
observed variations cannot result entirely from changes in the 
transparency of the atmosphere. We shall soon see that the 
form of the corona, as seen in the eclipse of 1869 and previous 
eclipses, presented certain prominent features that accord with 
the theoretical conclusion that the zodiacal hght is but the 
indefinite extension of the corona. 

It is proper to state here that in what precedes we have really 
been contemplating but different sides of one comprehensive 
theory, which embraces a connected series of solar phenomena, 
of which the corona is but one term. ‘The outline of this 
theory is given in the author’s ‘ Treatise on Astronomy,’ revised 
edition (1867). It is :—that a portion of the matter of the sun’s 
photosph ere is in the habitual condition of auroral magnetic 
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columns ; that by electric discharges along these columns their 
substance becomes dispersed and in part projected into space, 
and that this process, wherever occurring, may, by a continued 
dissipation of a portion of the photospheric matter at that 
locality, eventuate in the formation of a visible spot on the disk ; 
that the photospheric matter thus discharged into space is in 
that peculiar condition recognized in cometic matter in which it 
becomes subject to a repulsive action from the sun (or else to a 
diminished attractive action, as occurred to a certain extent in 
the case of Donati’s comet, and in that of 1861), and in the act 
of flowing away is visible in solar eclipses as the streamers of the 
corona, and at more remote distances as the zodiacal light ; that 
these solar emanations furnish the matter of terrestrial auroras, 
and, when descending in copious showers into the earth’s atmo- 
sphere and developing electric currents and disturbing the 
magnetic condition of the earth, are the determining cause of 
all the phenomena of “magnetic storms.” The apparent struc- 
ture and variability of the corona, and, as we shall soon see, the 
most characteristic features of its form, the form, position, and 
variability of the zodiacal light, the coincidence of the periods of 
‘the sun’s spots with the periods of terrestrial auroras and with 
those of the perturbations of the magnetic needle, all accord 
with this general theory. I have also endeavoured to show, in 
my papers on the variations of the magnetic elements, that these 
variations are such as should naturally result from the electric 
currents in the upper atmosphere (or what may be called the 
photosphere of the earth) that would ensue from the reception 
of the supposed impulsive waves and material emanations pro- 
ceeding from the sun. (See Silliman’s Journal, II. vol. xix. 
March and July, 1855). 

If it indeed be true that, from the fundamental conception of 
material emanations from the sun, similar to those which we 
know to take place from the head of a comet under the influence 
of the sun, a connected series of phenomena may be theoretically 
deduced which have their actual counterparts in nature, it must 
be conceded that there is a high probability that this conception 
is founded in truth, and furnishes the true explanation of the 
varied phenomena observed. 

Results of Observations on the Corona made at the Total Eclipse 
of August 7, 1869. 

The observations made on the Corona on the occasion of the 
eclipse of 1869, have furnished several striking confirmations of 
the theory that it 1s an auroral phenomenon. 

1. The observed form and structure of the corona.—I will first 
duce the results of my own observations. These were made 
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at Des Moines, Iowa, with the naked eye and a good opera- 
glass, and were chiefly confined to the corona. When the 
totality commenced, and the beautiful corona stood revealed, 
like a new creation, against the dark background of the sky, 
almost the first striking feature that caught my attention was 
the great inequality in the extent of its outstreaming in different 
‘directions, and its consequent irregularity of outline. This 
outstreaming or luminous radiation was particularly conspicuous 
from the eastern limb, nearly in the direction of the plane of the 
ecliptic or the sun’s equator. It could be distinctly traced in 
that direction to a distance from the sun equal to his own 
diameter. For an extent of some 15° on either side of the 
ecliptic, mdividual hair-like streamers, seemingly nearly parallel 
‘to the ecliptic, extended out a large fraction of this distance. 
From the opposite limb, and in the opposite direction, the 
coronal streamers were conspicuous, but of less extent than in 
the direction of the ecliptic toward the east. From the polar 
regions other pointed masses of light extended out to con- 
siderable distances, but not so far as those just noticed. They 
seemed to be composed, like the others, of rays or hair-like 
luminous radiations, more or less distinct. ‘The separate lumi- 
nous lines appeared to Professor Hastman, from the United 
States Naval Observatory (who observed the corona at the same 
station through a small telescope), to converge more or less. 
This convergence I failed to detect; but I distinctly noticed 
that the outstreaming mass from near the north pole of the sun 
had approximately the form of a triangle with curved sides, 
convex outward; but the triangular outline appeared as if 
resulting from the intersections of individual radiations, rather 
than as being the definite boundary of a stationary luminous 
mass. ! 

The corona had a white silvery lustre, and appeared at times 
suffused with a delicate rosy tinge; but this was probably a 
subjective effect. No flickering or variation of the lustre of the 
corona was observable during the totality. Nor was there any 
noticeable change in its general form, or in the extent of its lu- 
minous radiations, though I carefully watched for such changes. 
Dr. B. A. Gould, who was stationed at Burlington, Iowa, and 
‘other observers, thought that both the lustre and extent of the 
radiating masses, or “star-points,” underwent material varia- 
tions. A similar difference of opinion is found in the reports 
of observations on previous eclipses. If variations in the bright- 
ness and extent of the coronal radiations do actually occur, it 
is favourable rather than opposed to the auroral theory of the 
corona; but it is probable that the apparent changes are due 
to inequalities in the imterceptive action of the earth’s atmo- 
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sphere on the light of the corona, and especially on the faint light 
at its outer boundary. | 

Professor Harkness, of the U. 8. Naval Observatory, in his 
able report of observations on the eclipse, states that the four 
angles of the trapezoidal outline of the corona were in the middle 
heliographic latitudes—relying upon the report of another ob- 
server; but on a direct examination of the question of the loca- 
tion of these angles, or “ star-points” of the corona, made since 
the publication of the report, he has satisfied himself that their 
actual position was such as I have above reported it from my 
own observations*. 

In the delineations of the corona given by the observers of 
previous eclipses, two or more conspicuous outward extensions 
are generally shown, but the positions of these more projecting 
parts are seldom given with respect to the equator or poles of 
the sun. The figure of the eclipse accompanying the report 
of P. Prof. Capellotti, of observations on the eclipse of April 15, 
1865, made at Chili, is an exception. It shows three principal 
points of outstreaming of the corona—two lying very nearly in 
the plane of the sun’s equator, and nearly diametrically opposite 
to each other, and a third near one of the poles of the sun. 
In the eclipses of 1858, 1860, and 1868, four such points were 
seen, distributed at about a quadrant’s distance from each other. 
In the eclipse of 1842 but two were noticed, which were diame- 
trically opposite to each other. In that of 1851 there appears 
to have been no marked deviation from a general uniformity of 
radiation. 

Relying, then, upon the only definite knowledge we have of 
the location of the more conspicuous portions of the corona, 
viz. that obtained im the eclipses of 1865 and 1869, we may 
say that the corona is brighter and more extended in about the 
direction of the plane of the sun’s equator than in any other 
direction. This striking fact lends a powerful support to the 
auroral theory of the corona; for, as we have already seen, the 
streamers proceeding from the lower latitudes on the sun, on 
opposite sides of the equator, should converge and intersect in 
the plane of the equator, and for a certain distance on either 
side of this plane, and in consequence the corona should appear 
to extend further in the plane of the equator than in other direc- 
tions. The convergence of individual rays or lines of emanation, 

* Professor Winlock, in his report of observations on the eclipse, says, 
‘The photograph of the corona taken at Shelbyville shows a flattening at 
the extremities of the sun’s axis, and an elevation about the equatorial 
region.” The photographic impressions obtained of the eclipse at the dif- 
ferent stations show, however, but a small portion of the outward extent 
of the corona visible to the naked eye. ) 
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we have already seen, was actually noticed by Professor Hastman. 
It, of course, may happen that inequalities in the amount of 
outstreaming on opposite sides of the equator may throw the 
more prominent and conspicuous parts of the corona to the one 
side or the other of the plane of the equator. It will be ob- 
served that, from our present point of view, the extension of the 
corona in the plane of the sun’s equator is a phenomenon kindred 
to the much greater luminous extension seen in the zodiacal 
light—the only difference between them being that in the former 
the auroral emanations proceed from lower heliographic latitudes, 
and intersect nearer the sun. 

But it may be asked, how are we to explain, on the present 
theory, the “ star-points” of the corona over the polar regions 
of the sun? For these, two reasons may be assigned :—(1) If 
we admit a distribution of magnetism on the sun similar to that 
which prevails on the earth, the auroral streamers should diverge 
from each other less rapidly in the high than in the low latitudes. 
(2) Upon opposite sides of a line of no declination traversing 
the sun’s surface, analogous to that which traverses Russia, the 
natural directions of the streamers prolonged upward would be 
such as to occasion the convergence and intersections of those 
proceeding from the opposite sides of this line. 
We may say, then, that the more extended portions of the 

corona, in the eclipse of 1869, were over those regions of the 
sun’s surface, and those only, where upon the present theory the 
intersections of streamers might be expected to occur. 

In some eclipses distinct luminous curves having the appear- 
ance of luminous jets issuing tangentially to the sun’s limb, or 
obliquely inclined to it, and pursuing a course either convex 
or concave to the limb, have been seen. According to M. Liais 
these peculiarities were conspicuously observable in the eclipse 
of Sept. 7, 1858. While it is possible that such curves may be 
the result of the intersections of a mass of straight streamers, 
it is not improbable that they may be actual luminous jets; for 
if from any cause any portion of the auroral matter should be 
projected trom the sun m a direction oblique to the surface, it 
would proceed in a convex hyperbolic curve if repelled by the 
sun, and in a concave curve if attracted. Now I have shown, in 
a former number of Silliman’s Journal (July 1861), that the por- 
tion of cometary matter posited on the convex side of the tail 
of Donati’s Comet was actually repelled by the sun, while that 
on the concave side had become detached from the head of the 
comet, because of a diminished gravitation toward the sun. Upon 
our fundamental conception that the coronal matter is essentially 
in the same physical condition as such cometic matter, and sub- 
ject to the action of the same solar forces, it may well happen 
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that some individual jets will proceed in convex, and others in 
concave curves, accordingly as the escaping matter is repelled or 
attracted by the sun. 

- 2. Observations on the physical constitution of the corona with 
the spectroscope and polariscope.—The results of the observations 
made at the late eclipse, with the spectroscope and polariscope, 
are strongly confirmatory of the truth of the theory of the corona 
under discussion. Professor Pickering, in the report of his 
observations with a polariscope, says, “ The form of polariscope 
used was that adopted by Arago in his experiments on sky 
polarization. It consists of a tube about 20 inches long and 
2 inches in diameter, one end of which is closed by a double 
image-prism of Iceland spar, and the other by a plate of quartz. 
Looking through the former we see two images of the latter, 
which, when the light is polarized, assumes complementary tints. 
If, now, the corona was polarized in planes passing through 
the centre of the sun (as is generally admitted)—-when viewed 
through the polariscope, in one image the upper and lower parts 
should have appeared blue, and those on the right and left 
yellow; while in the second image these colours would have been 
reversed, the yellow being above and below, and the blue on the 
sides. In reality the two images were precisely alike, and both 
pure white; but one was on a blue, and the other on a yellow 
background. From this we infer that the corona was unpo- 
larized, or, at least, that the polarization was too slight to be 
perceptible.” 

We may infer from this that the corona is either self-luminous 
or shines by diffuse reflection, since specular reflection produces 
polarization™. 

The testimony of the spectroscope is still more decisive. Profs. 
Pickering, Harkness, and Young agree that the spectrum from 
the light of the corona was a continuous one, or free from dark 
lines, but containing one or more bright lines. The absence 
of dark lines indicates that the corona did not shine by the light 
of the photosphere, reflected either diffusely or specularly from 
its substance; since such light, after reflection, should, hke the 
direct solar light, have given a spectrum with the Fraunhofer 
lines. The presence of bright limes, on the other hand, is a 
direct indication that the corona was self-luminous, and there- 
fore that its light was the result either of combustion or of 
electric discharges. As it is hardly supposable that an actual 
combustion could prevail at the distance of tens and hundreds 

* The question whether the light from the corona is in any degree polar- 
ized or not cannot be regarded as definitively settled. It is to be hoped 
that the observations to be made on the eclipse of December will remove 
all doubt on this point. . Se Se Oe a ee ee 
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of thousands of miles from the sun’s photosphere, in regions 
where, if any solar atmosphere exist, the results of recent obser- 
vations with the spectroscope by Lockyer and Frankland lead us 
to believe that it can only be the faintest possible trace of it, we 
‘must infer that the light of the corona is of electric origin. 

In the hands of Prof. Young and Prof. Winlock the spectro- 
Scope has obtained direct evidence of a physical correspondence 
-between the solar corona and terrestrial auroras. Prof. Young 
‘observed in the spectrum of the corona a bright line, the position 
of which he gives as 1474 on Kirchhoff’s scale, and which proves 
‘to be in coincidence with a small line marked as tron on Kirchhoft’s 

and Angstroém’s maps. He remarks that “it turns out also to 
coincide very closely, if (which is much more probable) it is not 
absolutely identical, with a line recently discovered, by Prof. Win- 
lock of Cambridge, in the spectrum of the aurora borealis. He 
also saw two other, fainter lines in the spectrum of the corona 
which coincided quite closely with other lines reported by Prof. 
Winlock as visible in the spectrum of the aurora. In view of 
these results of spectroscopic observation he remarks as follows:— 
“ At present it seems pretty likely that the spectra of the corona 
and the aurora borealis are identical, with only such differences 
in the intensity of their lines as we might naturally expect, and 
that very probably the identity extends to the essential nature 
of the phenomena themselves.” 

The detection of the same iron line in the aurora and corona, 
taken in connexion with the well-established fact that the vapour 
of iron is present in the photosphere and chromosphere of the 
sun, and that the magnetic features of the aurora lead to the 
natural conclusion that some form of ferruginous matter consti- 
tutes the substance of auroras, for which no terrestrial origin 
can reasonably be assigned, conducts to the inference that the 
terrestrial auroral matter is derived from the sun, and adds to 
the weight of accumulative evidence in support of the theory I 
have advocated, that the corona is made up of material emana- 
tions from the sun. 

Nore.—Some persons have conjectured that the corona might be 
produced by the passage of the sun’s rays through the earth’s atmo- 
sphere ; but it may readily be shown that this is impossible. When 
one reflects that the half width of the moon’s shadow, in the larger 
eclipses, is as great as the estimated height of the atmosphere, it will 
be seen that, to an observer on the central line of the eclipse, the 
line of sight will not fall upon the illuminated portion of the atmo- 
sphere exterior to the shadow, unless inclined under a large angle to 
the line of direction of the centres of the sun and moon. The corona, 
therefore, if of terrestrial atmospheric origin, ought to present, to- 
ward the middle of the eclipse, the appearance of a halo entirely de- 
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tached from the dark body of the moon, and many degrees distant 
from it. It ought also to increase in brightness from its inner border 
for a considerable distance outward. 

Others have imagined that the corona might be attributable to the 
passage of the sun’s light through a lunar atmosphere; but since 
some of the streamers, or rays of the corona, have been seen to ex- 
tend to a distance greater than the sun’s diameter, this would require 
the lunar atmosphere to be of vast extent; whereas no decisive evi- 
dence has yet been obtained of the existence of any lunar atmosphere 
capable of producing a sensible refraction, or reflecting a perceptible 
amount of the sun’s light to an observer on the earth. 

Perhaps the more prevalent idea, at the present day, is that the 
corona, with its rays and tufts of light, is a phenomenon of diffraction 
produced by the passage of the sun’s rays along the denticulated 
edge of the moon. This theory has an air of plausibility, but it is 
entirely inadequate to account for the great extent of the coronal 
rays. The fringes produced by the diffraction of light in its passage 
near the edge of a body appear to the eye of the observer to extend 
but a small angular distance from the edge. This would be more 
strikingly true in the case of a distant body, like the moon. 

The only remaining supposition is, that the corona is either an 
envelope of some kind permanently connected with the sun, or is 
made up of material emanations proceeding immediately from the 
sun. To the large body of indirect evidence that has been obtained 
that the corona is wholly a solar phenomenon, we may now add 
that of direct observation, since it appears that “an examination of 
the photographs of totality,” obtained at the eclipse of 1869, shows 
that as the moon advanced the corona was progressively covered. 

XXX. Notices respecting New Books. 

Principles of Mechanism, designed for the use of Students in the Uni- 
versities, and for Engineering Students generally. By Roxsexrr 
Wiis, M.A., F.R.S., Jacksonian Professor of Natural and Ez- 
perimental Philosophy the University of Cumbridge, &c. Second 
Edition. London: Longmans, Green, and Co. 1870. 

Pe distinction between motion considered merely as change of 
place, and motion as produced by force, was often noticed by 

the earlier writers on mechanics, e. g. by Euler; and the possibility 
of establishing a distinct science of pure motion was pointed out by 
more than one writer, and particularly by Ampére, who denominated 
it Cinématique or Kinematics. It is, however, worthy of remark that 
there are two points of view from which such a science may be re- 
garded, viz. either, fist, inits most general aspect, as a science which 
treats of the transference of a collection of points from a given posi- 
tion to any other position, and discusses the formule which define 
the positions of these points after and during transference with re- 
spect to their initial place ; or, secondly, as a science which enumerates 
and elassifies the means by which we change the direction and velo- 
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city of a given motion. Ifwe adopt the nomenclature that Dynamics — 
is the general doctrine of Force, and Mechanics the applications of 
that doctrine to Machines, then Kinematics stands related to the 
former of these in the same manner as Mechanism to the latter. The 
fundamental distinction implied in the word kinematics or pure me- 
chanism is now so familiar to students of mechanical science, that 
we are apt to forget how few years have passed since that distinction 
was actually effected :— 

~ *«The science of pure motion,” says the late Dr. Whewell*, writing, 
we believe, in a.p. 1840, “has not generally been separated from 
the science of motion viewed with reference to itscauses. Recently, 
indeed, the necessity of such a separation has been seen by those who 
have taken a philosophical view of the science.” It was mainly by 
the labours of Mr. Willis that this separation was actually effected, 
and the theory of pure mechanism established as an independent 
science. This was done in his well-known treatise ‘The Principles 
of Mechanism,’ the first edition of which was published in the year 
A.D. 1841. In noticing the appearance of the second edition of a 
work which long ago took its place as the standard work on the 
subject, it is quite unnecessary to speak in its praise. Nor are the 
changes introduced into the new edition of a kind to call for a long 
notice. Perhaps the most important is the rearrangement of the 
first and principal part of the volume. This change isas follows :— 
One piece of a machine may communicate motion to a second piece 
either (A) by rolling contact, (B) by sliding contact, (C) by wrap- 
ping connexion, (D) by link-work, (EZ) by reduplication. Under 
each of these divisions there are three classes :—(1) Directional rela- 
tions of the motions constant, and velocity-ratio of the pieces constant. 
(2) Directional relation constant and velocity-ratio varying. (8) Di- 
rectional relation changing periodically and the velocity-ratio con- 
stant or varying. In the first edition the classes were treated sepa- 
rately in the five divisions. In the new edition the divisions are given 
separately, and each, except (E), subdivided into the three classes. 
Mr. Willis states that, in his experience as a lecturer, he found the 
very great convenience of thus classing the elements of machines 
with reference to the mode in which velocity is communicated. 
The same arrangement, it may be mentioned, is adopted by Dr. 
Rankine in patt iv. of his treatise ‘On’ Applied Mechanics ;’ and there 
can be no doubt that it constitutes a great improvement in the form 
of the work. 

Most of the changes in the substance of the book are such as are 
sure to occur to an author who re-edits a book after a lapse of nearly 
thirty years: new articles are inserted here and there; additional 
notes relating to the history of the subject are of frequent occurrence ; 
and besides these there are two parts wholly new, viz. on ‘‘Combina- 
tions for the action of which properties of friction are employed,” and 
on ‘ Universal Joints.” The effect of all this has been to increase 
the book by about one third part of its original size. The revision 

* Philosophy of the Inductive Sciences, p. 152 (ed. 1846). 
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- seems to have been made as thoroughly as sucha work -deserved; 
and no pains have been spared in making it perfect down to the most 
minute particular. It had, we believe, been long out of print; and 
we congratulate students of Mechanical Science on being able to 
procure what will long be the standard work on this subject. 

A. Laboratory Text-book of Practical Chemistry ; or, Introduction to 
Qualitative Analysis. A Guide to the Course of Practical Instruc- 
tion given in the Laboratories of the Royal College of Chemistry. 
With ninety engravings. By Wu. G. Vatentin, F.C,.S. London: 
Churchill, 1871.. Pp. x and 380. 

When the preliminary stages in the growth of an idea or an opi- 
nion have been passed, it invariably happens that a literary embodi- 
ment is found necessary. The great and increasing estimation in 
which physical science is now held as at once a means and object of 
education, furnishes many an illustration of this; and, in its turn, 
physical science has to embody successive opinions and ideas as. 
they arise. Thus a perfect scientific literature would be a diffused 
history. | . 

Mr. Valentin’s text-book is very remarkable (indeed, novel) in one 
respect. It puts prominently forward, as an element in the teach- 
ing of analysis, the most advanced form of the atomic method of 
symbolization ; and it does so expressly on the ground that the study 
of chemical analysis is thereby simplified ina marked degree. It 
has hitherto been the custom for writers of analytical works to keep 
formal chemistry very much in the background, and to regard even 
equations rather as zmpedimenta than active aids. But some change 
has long been expected, and was clearly inevitable. When the re- 
sults of chemical research are almost uniformly expressed, not only 
in atomic language, but in atomic symbols, and almost every me- 
moir concludes with or contains a graphic formula, it is clearly the 
duty of some practical teacher of recognized ability to answer by 
actual trial the important question, Can such formule be used as of 
real assistance to the analytical instructor? Mr. Valentin has made 
the experiment, and responds in the affirmative. 

The first part of the work (128 pages) is taken up with a varied 
series of one hundred operations, which become successively more 
complex in their meaning as we proceed. On each occasion the 
teacher stands, as it were, at the student’s side, points out what is 
to be observed and what is extraneous, and then exhausts the phe- 
nomena of their inferences. The entire book is singularly and admi- 
rably argumentative in this manner. Much ofits first portion would 
furnish, and no doubt will be made to furnish, material of a high 
class for the earlier lectures of a chemical course, more especially 
when we hear in mind the numerous and well-executed engravings 
by which it is illustrated. Where not original, these have been 

taken from the best sources. By the time the student has reached 
Part II. he may fairly be supposed to understand all the ordinary 
operations of analysis, the management of apparatus and reagents, 
the transference and manipulation of gases; but he will have, in 

ee ee ee ee 



Royal Society. 939 

addition, as a necessary part of that knowledge, an acquaintance 
with the laws of the results of chemical action, which he will know 
how to express intelligently either in simple or structural symbols. 
He willalso possess a cultivated observation, and he will not fail to 
have become at once more logical and critical: ‘Thus armed, he may 
undertake the study of qualitative analysis with confidence. 

The second Part commences with an account of reagents and group 
reagents. Of these, the former are given in detail under the respective 
elements ; the latter precede them in their proper deductive order. In 
the separation of mixtures, every effort appears to have been made to 
adhere in the main to quantitative methods; in this way the time of 
both teacher and student is economized, and the latter is assured of 

the precision of his operations. Basylous bodies are considered in 
the first six chapters of the eight of which this division of the book 
consists ; acid substances (organic and inorganic) are treated of in 
the remainder. A scheme for the analysis of simple and complex 
substances, both in the dry and wet way, forms a fitting sequel to 
the whole: the Tables of which it consists are those of the Royal 
College of Chemistry, where the author is chief laboratory instruc- 
tor.. These have been repeatedly revised and corrected, having been 
made the basis of special inquiries during the course of several years ; 
they are now published for the first time, and will be warmly wel- 
comed by old collegians. ‘The special feature of this book is, as we 
have said, the introduction of the graphic method and its principles 
into analytical training—not, therefore, as an end, but a means to an 
end. Upon the atomic notions which underlie that method, the 
author justly refuses to dogmatize. ‘‘ Indeed,” he says (p. 31), 
‘matter itself being as yet unknown to us, need we wonder that 
the very existence, size, shape, &c. of the smallest particles of 
matter should not be capable of experimental demonstration ? Where 
experiment fails to throw light upon the absolute nature of the con- 
stant chemical combining proportions, and can at best only supply 
us with relative data, hypothesis steps in.’?’ We may agree or dis- 
agree with the atomic hypothesis ; but in either case we must admit 
the indebtedness of chemical literature to the writer. Mr. Valentin 
teaches his student to reason—thereby enabling him to acquire, in 
time, a power of independent judgment, both as to facts, to theories, 
and the nature of theory. 

XXXI. Proceedings of Learned Societies. 

ROYAL SOCIETY. 

[Continued from p. /1.} 

Noy. 24, 1870.—General Sir Edward Sabine, K.C.B., President, in 
the Chair. | 

MNHE following communication was read :— 
“On the Theory of Resonance.” By the Hon. J. W. Strutt. 

An attempt is here made to establish a general theory of a certain 
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class of resonators, including most of those which occur im practice. 
When a mass of air or other gas is enclosed in a space bounded 
nearly all round by rigid walls, but communicating with the external 
air by one or more passages, there are certain natural periods of 
vibration or resonant notes whose determination is a matter of in- 
terest. If the dimension of the air-space is small compared with the 
wave-length of the vibration, the dynamics of the motion ‘is, in its 
general character, of remarkable simplicity. It is for the most part 
under this limitation that the problem is considered in the present 
paper. The formula determining the resonant note is 

a ce 
Mar Ss’ 

where n is the number of complete vibrations per second, a the ve- 
locity of sound, and S the capacity of the air-space; ¢ is a quantity 
proved to be identical with the measure of electric conductivity be- 
tween the interior of the vessel and the external space, on the sup- 
position that the air is replaced by a uniform conducting mass of 
unit specific conducting-power, and the sides of the vessel and 
passages by insulators. When there is more than one passage, the 
formula is still applicable according to the above definition of ¢; and 
when the passages are sufficiently far apart not to interfere with each 
other, the resultant ¢ is, by the electrical law of parallel circuits, 
simply the sum of the separate values for each passage considered 
by itself. When this condition is not satisfied, the value of ec, thus, 
found by mere addition, is too great. 

The question thus resolves itself into the determination of the 
conductivity (or the resistance which is its reciprocal) for different 
forms of passages or openings. The case of openings, which are 
mere holes in the sides of the vessel, has been already treated, 
although in a very different way, by Helmholtz, who, in his cele- 
brated paper on vibrations in open pipes, compared his theory with 
the observations of Sondhauss and others on the notes produced 
when such resonators are made to speak by a stream of air blown 
across the mouth. Sondhauss has also given an empirical formula 
applicable when the connecting passages are of the form of long cy- 
lindrical necks. These previous results are in agreement, as far as 
they go, with the formula here investigated, and which is applicable © 
whatever may be the length of the neck. If L be the length and R the 

T 
L+5R 

aR 

This supposes the neck a circular cylinder. If the section be an 
approximate circle of area «, we may put 

REL Spacing 4 
eta * 

When the neck is very long, the second term may be neglected ; 
and when L is very small, the first term becomes insignificant. . In 
the third part experiments are described which were instituted to 

radius, + or the electrical resistance = 



— 
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eompare the general formula with observation, and which gave a sa- 
; : bY : 

tisfactory agreement. The value given above for ; is only approxi- 

mate. Itis proved, however that the resistance of a finite cylindrical 
conductor whose plane ends lie in two infinite insulating planes, but 
join on to conducting masses on the further side, corresponds to a 
length L+a of the cylinder, where 

L 

10°615—e°R 
a< 2°305 R r 

get 
14°771—e 8 

T 
> gk. 

As a particular case, it appears that the correction to the length 
of an organ-pipe, supposed, as in Helmholtz’s paper, to be sur- 
rounded at the mouth by a wide flange, lies between °785 R and 
"8282 R. 

Approximate formulz are investigated for the resistance of tubes 
which are not exact circular cylinders. It will be sufficient to par- 
ticularize here the case of tubes of revolution. The resistance is 
shown to lie between the two limits 

1 ( dz 

a\y 

141 1/dy\? 

hp {2+H(2) pas 
where y denotes the radius of the tube at the point z. 

When there is more than one vessel in the vibrating system, 
there are several independent periods of vibration corresponding to 
the degrees of freedom. The theory of these vibrations is also con- 
sidered. 

In the experimental part of the investigation the object is to de- 
termine with sufficient precision the pitch of the resonant note, 
This is generally done by causing the resonator to speak. For several 
reasons, which are detailed, I consider this course unsatisfactory, and 
have availed myself of other indications to fix the pitch, which are 
not, indeed, capable of so great an apparent precision, but yet are 
more to be depended on. 

and 

XXXII. Intelligence and Miscellaneous Articles. 

ON SOME ANALOGOUS PRINCIPLES OF PHOTOMETRY, AND THE 

LAW OF ATTRACTION. BY W. VON BEZOLD. 

| es what follows I shall communicate a few principles of photo- 
metry which are perfectly analogous to well-known theorems in 

the law of attraction. The consideration of these analogies leads, on 
the one hand, to simple solutions of many photometric problems, 
and, on the other, to a very manifest illustration of some principles 
of the doctrine of the potential. As the proofs for the photometric 
principles are given in just the same manner as those for the law 

Phil. Mag. S. 4. Vol. 41. No. 272. March 1871. R 
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of attraction, we may in the sequel dispense with any strict de- 
monstration. Hence I will briefly state the more important of these 
principles, adding now and then a short observation. 

In reference to the measure chosen, it must be premised that the 
intensity of that source of light is taken as unit which at the unit 
distance imparts to a perfectly white element of surface at right 
angles to the line of junction the unit of brightness. Hence a lu- 
minous point of the intensity 7 emits the quantity of light 472. The 
surface is always to be supposed perfectly white. In the case of 
actual surfaces (which are never quite white—that is, whose white- 
ness, a, is always less than 1), the formula has simply to be mul- 
tiplied by a. 

This being premised, the following principles hold good. 
(1) A luminous point of intensity z at a distance r imparts to an 

element of surface, whose normal makes the angle @ with the line 
joining the element and the source of light, a luminosity 

a 
H= — COS &. 

r 

(2) If a, 6, ¢ are the rectangular coordinates of the luminous 
point, z, y, z those of the element of the surface, and if this is at 
right angles to the axis of X, its brightness is 

(7) Fes eee Ne 
Say die 

(3) If the element of surface in the point 2, y, z, at right angles 
to the X axis, is simultaneously illuminated by several sources of 
light, all of which are on the same side of the element, its brightness 
is 

dst 
ei ba 

dz 

ak 
or, if2-=V, " av 

 da° 

The brightness H of any element (presupposing that all sources of 
light are on the same side of the element) is : 

dU 
H= Ta’ 

meaning by dn the element of the perpendicular to the element of 
surface. 

From these principles the following result is obtained :— 
Given any number of luminous points, the brightness of any 

surface illuminated by them at any given place is obtained by re- 
garding the luminous points as material, and their masses as propor- 
tional to the intensities of the sources of light, next seeking the 
potential function of these masses, and then forming the differential 
quotients of the normals according to the element of surface. 

This principle holds, of course, only under the above-made limi- 
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tation. If the brightness at any place the tangent-plane of which 
prolonged passes between the luminous points is to be sought, it 
is sufficient to form the potential for those points which lie upon 
one side of this plane. 

Hence the principle is quite general for surfaces which surround 
all the sources of light in such a manner that from each of their points 
all the luminous points can be seen. 

(4) Given a number of luminous points, all of which are within 
an enclosed surface, if H is the brightness of an element of surface 
do, then 

\z eM po [Hide = 403i + 202i! + Bui" 

when the integral is extended over the whole surface. Here is the 
intensity of a source of light which is within, 7’ that of a source of 
light which lies in the surface at a place where it is uniformly curved ; 
i is the intensity of a luminous point at an angle or edge of the 
surface ; while w is the piece of the surface which is cut out by the 
tangent cone laid through such a point from the surface of the sphere 
of radius unity described about the point. 

This is the analogue of one of the fundamental principles of attrac- 
tion. But whilein that case its accuracy can only be recognized after 

proof, from the point of view of photometryit is at once clear. | Hde is 

nothing more than the whole quantity of light falling upon the inner 
side of the surface; and that this is represented by the expression on 
the right-hand side requires no further demonstration. 

Given now a number of luminous points, all of which are external 
to an enclosed surface, the two sides of which are affected by oppo- 
site signs, if then the brightness at all points of the surface be 
sought, assuming that the parts causing the shadow are withdrawn 
from before the parts shaded by the surface itself, then 

\Hdo=0 

when the integral is extended over the entire surface; and the bright- 
ness H gives the sign of the illuminated side of the surface. 

In other words, after removing the shading parts, as much light 
falls upon the originally shaded places as formerly fell upon the 
shading parts. 

(5) If V is the potential of acting masses, V=C is the equation 
of a surface upon which the total force is everywhere at right angles. 

In like manner in photometry, if V=3-, then V=C is a surface 

which has the property that each of its elements is more brightly 
illuminated than any other element laid through the same point *. 

Such a surface may therefore be conveniently called a surface of 
greatest brightness, and corresponds to a level-surface. 

(6) If a series of surfaces of greatest brightness are laid in space 
which correspond to the values V=A, V=A+dA to V=A-+ndA, 
the brightness with which any element of a surface laid through a 
point of such a surface is illuminated is inversely proportional to the 

* Of course always with the limitation mentioned under (3). 
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length which is cut off on the normal to the surface by the adjacent 
level-surface. 

_ (7) If on a surface of greatest brightness which encloses the 
whole of the sources of light electricity is so distributed that its 
density is everywhere proportional to the brightness prevalent there, 
the electricity on this surface would be in equilibrium if it were the 
surface of a conductor.—Poggendorff’s Annalen, No. 9, 1870. 

Munich, April 1870. Ga Mazi foenax 

A SOLAR FOG-BOW. BY R. C. CARRINGTON. 
On the morning of November 27, at five minutes to ten, I saw a 

curious bow formed in a mist which was just rising; the sun was 
shining brightly ; and on the principle of our motto, ‘‘ Quicquid nitet 
notandum,’’ I took immediate note of it. It was the smallest bow I 
have seen, not more than twenty-five paces from where I stood, and 
it measured thirty-five paces from bow to bow. I stept a yard at a 
pace very nearly. The colour was white, like a lunar bow. But 
what was more remarkable was the appearance of a centre in which 
I could see the reflection of my head, which moved as I moved. I 
remember having seen a centre before in a rainbow, which I witnessed - 
near Cader Idris, in Wales, in J uly 1847, in a splendid bow of two 
arches, but which I never mentioned before, having never heard of 
-. like —Monthly Notices of the Astronomical Society, January 13, 
1871. 

ON THE REFRACTIVE PHENOMENA OF AN ALCOHOLIC SOLUTION 

OF FUCHSIN. EXTRACT FROM A LETTER TO PROF. POGGEN- 

DORFF BY M. C. CHRISTIANSEN, 

Copenhagen, Nov. 1870. 
Permit me to inform you that I have been for some time occupied 

with investigations on the refractive power of red concentrated ani- 
line (Fuchsine), and have obtained very curious results. Reserving 
for a future communication further details, I give here the ratios of 
ee for an alcoholic solution containing 18°8 per cent. of 
aniline :— 

Fraunhofer’s lines. Refractiou-ratio. 
Ee age attain og 1°450 

C 1°502 

| Oi. ee tee 1°561 

Bae ee Pe ORs P32 

Gt eee eee 1°285 

H 1°312 

The refraction-ratio increases from B to D and a little beyond, 
sinks then very rapidly to G, and then again increases. 

This is readily observed by filling a very acute prism with the 
liquid; if a luminous slit be looked at through it, the colours are 
seen in the following order,—violet, red, yellow, in which the devia- 
tion of the latter is the greatest. ‘The consequences are most easily | 
and beautifully seen when the hypotenuse of a rectangular prism 
eontaining the solution is illuminated and the refiected light observed. 
Then, instead of the colours at the limit of total reflection, coloured 
light, rose-red, violet, blue, green, are observed under all incidences. 
—Poggendorff’s Annalen, No. 11, 1870. 
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XXXII. On the Capillary Phenomena of the common Surface of 
two Liquids. By G. Quincke*. 

I, Flat drops or bubbles in various liquids. 

oP ATIONS similar to those which have been applied 
to the free surface of a liquid (that is to say, bounded by 

space or by air) are applicable to the common surface of two 
liquids. 

In the following memoir I shall use the same notation as 
in my former communications on Capillary Phenomenat, and 
shall distinguish the magnitudes which relate to a point P, or 
P, of the free surface of the liquid 1 or 2 by means of the suffix 
1 or 2, the magnitudes which relate to a point P,, of the com- 
mon surface of two liquids 1 and 2 by means of the double 
suffix 1 2. 

Let R and R’ denote the smallest and greatest radius of curva- 
ture of the common surface of two liquids 1 and 2 at the point 
P,., then considerations analogous to those concerning free liquid 
surfaces show that in the direction of the surface-perpendiculars 
to the concave side of the surface at the point P,, a pressure is 
exerted 

Hef | ] 
r=Kyt 2 (=z +B): ligt eet ates dC) 

~ * Translated from Poggendorff’s Annalen, vol. exxxix. part. 1, having 
been communicated in abstract to the Kénigl. Ges. d. Wissenschaften zu 
Gottingen in October 1869. 

Tt Pogg. Ann. vol. ev. pp. 1-48 (1858); vol. exxxiv. pp. 356-367 (1868) ; 
vol. exxxv. pp. 621-646; vol. exxxvili. pp. 141-155 (1869). 

Phil, Mag. 8. 4. Vol. 41. No, 273. April 1871. S 
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The magnitudes K,, and H,, do not depend solely on the re- 
ciprocal action of two particles of the same liquid on one an- 
other, but also on the action which the particles of liquid 1 
exert at a very small distance on the particles of liquid 2, and 
conversely. 

It may be seen from the form of equation (1) that the com- 
mon surface of two liquids, like the free surface of one liquid, 
will be as small as possible—that at the common surface of two 
liquids there will be a certain tension, as in a stretched mem- 
brane, which is the same at all points and is measured by the 

constant — OF 5, which will be adopted instead of it in what 

follows. 
The angle o,., at which the last element of the common sur- 

face of two liquids 1 and 2 cuts a side of the containing vessel, 
will only depend on the nature of the two liquids and of the side, 
and will be independent of the form of the common surface 
of the liquids and the form of the side. 

The magnitude K,., the perpendicular pressure on the plane 
common surface of two liquids 1 and 2, can just as little as the 
perpendicular pressure K, or K, on the free plane surface of the 
liquid 1 or 2 be determined when there subsists the relakian 

K,—K,=K,.=—K,,. 

The weight on a unit of length of the line of section of a solid 
vertical side and the common surface of two liquids is 

Gio 
H 

= —"? 08 @14= 4,5 C08 0,5) i. + see 
2 

a constant magnitude, which only depends on the nature of the 
two liquids and the side. 

aj> 18 the tension, measured in milligrammes, which is exerted 
on a space of the common surface of the breadth of a millimetre. 

The propositions advanced in the foregoing, like those which 
hold good for free liquid surfaces, may either be deduced from 
the assumption of molecular forces, after the manner of Laplace’s 
views, or the assumption of a surface-tension, after the manner 
of the views of Thomas Young. 

2. The phenomena at the common limit of two liquids, apart 
from the well-known experiments of Plateau* on the figures of 
equilibrium of drops of oil on aqueous alcohol of the same spe- 
cific gravity, have been but little investigated. | 

Gay-Lussac} observed the depression of mercury in a capil- 
* “Recherches expérimentales et théoriques sur les figures d’équilibre 

d’une masse liquide sans pesanteur,” Series [. to XI. Meém., de ?Acad. de 
Brua. vols. xvi. to Xxxvii. (1842-68). 4to. 
t Laplace, Zuvres, vol. iv. pp. 496 & 524, 
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lary-tube when water, or alcohol containing water, was poured on 
it. Beéde* observed the height to which water or sulphuric acid 
ascended in capillary tubes when, above one of these liquids, pe- 
troleum was poured into the tube, and that to which chloroform 
ascended when water was poured over the latter. 

Thomas Young} found that a small quantity of oil poured on 
the surface of water in a capillary tube diminished the total 
height. 

In these experiments, however, we have two unknown mag- 
nitudes :—the superficial cohesion, «,, of the common surface 
of the two liquids; and the marginal angle @,,, which, as I shall 
afterwards show (§ 10), is not always either O° or 180°. The 
product «,, cos w,, only is determined by observing the height. 

I myself { have measured the height of drops of mercury in 
water and hydrochloric acid, without ever being able to draw 
further conclusions regarding the cohesion of the common sur- 
face of those liquids. 

Guthrie§, lastly, dropped into different liquids other liquids, 
and measured the magnitude of the drops. 

Even in the few cases on which experiments are given, theory 
has not been proved to agree with experience—partly because, 
beside the propositions mentioned above, and w,,.=0° or 180°, 
relations also were assumed between the magnitudes «,, e,, and 
ajo, which, as I shall presently show, do not altogether agree 
with experiment. we 

The error of the usually assumed relation «,—a,=a,. sug- 
gests, moreover, the simple idea that for two liquids which mix 
in all proportions the capillary constant of the common surface 
@1, 1s =O, whilst for water and absolute alcohol it should be 
8—2°5=5'5 milligrammes. 

Hence the proposition adduced by Poisson||, that the weight 
raised in a capillary tube will depend only on the lower liquid, 
is not in agreement with experience. 

Thomas Young supposed the capillary constant of the common 
surface of two liquids to be proportional to the difference{ or 
to the square** of the difference of their densities. Even this 
does not agree with the experiments which will be presently 
described (§ 10). 

* Mem. Cour. Bruz. vol. xxx. p. 187 (1860). 
+ Encyc. Brit. “ Cohesion,”’ Sect. II. (1816). Young’s Works, by Peas 

cock, vol. i. p. 463 (1855), 
{ Pogg. Ann. vol. cv. p. 38 (1858). 
§ Proc. Roy. Soe. vol. xiii. p. 444, vol. xiv. p. 22 (1865). In abstract, 

Pogg. Ann. vol. exxxi. p. 141 (1867). 
|| Wowvelle théorie de Vaction capillaire, p. 142. 
{| Young’s Works, vol. i. p. 485 (1855). Encycl. Brit, ‘ Cohesion,” 

Sect. IT. (1816). ** Thid, p. 463, 
S 2 : 
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A numerical value for the magnitude @,,, the surface-tension 
of the common surface of two liquids, is, to my knowledge, no- 
where given. 

3. If we denote by z the vertical distance of a point P,o, of the 
common surface of two liquids of specific gravity o, ando,, from 
the horizontal part of the common surface of the liquids, and let 
the positive axis of z coincide with the direction of gravity, then 
from equation (1), and the hydrostatical proposition that in a hori- 
zontal plane in the interior of the same liquid there must every- 
where be the same pressure, the equation follows, 

(,—o)2=m0( 3 +): - > ie 
This equation would relate, for example, to the case where a 

spread drop of mercury in water is poured on a horizontal base. 
If the diameter of this drop is large, or if it be poured into a tray- 

shaped channel, then R! is very large, Rr t0 be neglected as com- 

pared with = and equation (3) becomes 

d?z 

B19 iL. 5. ie dex? 
g—o,R 2 aie (4) 

in which the specific cohesion of the common surface of the 
liquids, 

3 o,—% 

is introduced instead of the capillary-constant or surface-ten- 

sion @,,. 
The integration of equation (4) gives 

S = const. — j 1 
a nn flee 

V 1+(%) § . (6) 
Ze ; | 
ey he Oj95 J 

in which 0,5 is the angle which the element of the curve of the 
meridional section of the surface makes with the horizontal @ axis. 

For the horizontal upper surface of the drop, z and 0, simul- 
taneously equal zero. A 

For a vertical element of the curve of the meridional section 

C= 2 0 E=o0 4 
= » 3 
od —_ i = z3 r ‘ r) . e (7) 

a? , 
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that is to’say, the vertical distance of the horizontal from the ver- 
tical element of the meridional curve (of the point K from the 
point & in the accompanying figure, which in future will always 

VA 

0 x 

be denoted by K—4), measured in millimetres, gives, when squared, 
the specific cohesion of the common surface of the two liquids—and 
af multiplied by half the difference of the specific gravity, the capil- 
lary constant aj, or the tension of the surface of the common limit 
of the two liquids. 

Equation (7) also holds good, and strictly so, when a liquid 
rests at an angle of 180° against vertical plane sides—-for ex- 
ample, mercury against a vertical glass plane wetted with alcohol 
or water. 

If the drop rests on a horizontal base, and if the vertical dis- 
tance of the summit of the drop K and of the vertical meridional 
element & from the horizontal base be denoted by K and & re- 
spectively, then 

| eerie May: tal Cia)! | ith Le, eu eed (SD 

We pe OS Dic ey ee ieay CO) 

in which o,, is the angle at which the last clement of the 
surface of the drop cuts the horizontal base. By combining 
equations (8) and (9) the values of a,. and cos @,, may be ob- 
tained. 
_ If the horizontal base is wetted by liquid 2, which frequently 
happens, then 
| @yo—180°, 

ety 2: 

Accordingly as o,> or < o, will z, K, and & be positive or ne- 
gative. A drop of oil in water under a horizontal glass plate 
wetted with water has the same form as a drop of water in oil on 
a horizontal base wetted with oil, and so forth. 

It is obvious that equations (2) to (9) are transformed into 
those for free liquid surfaces when o, or o, is put equal to zero. 
In the first case the drops are exposed to the air or a vacuum; 
in the second case they are air-bubbles which rest against either 
a horizontal or a slightly curved side. Of course, in the second 
case, the magnitudes K, 4, and are always negative. 

(10) 
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An air-bubble in water under a moistened horizontal plane 
glass has the same form as a drop of water on a horizontal base 
which it does not wet at all—for example, on a woollen cloth or 
a glass plate sprinkled with lycopodium-powder. | 

If the vertical distance —(K—A) of the lowest point of an 
air-bubble from the vertical meridional element of its surface be 
measured, a, is obtained; if the distance —K of the extremity 
of the air-bubble from the horizontal glass plate perfectly wetted 
with liquid 2, then a,,/2 is obtained. 3 
This gives a method by which the capillary-constants of transpa- 

rent liquids may be determined which has this great advantage — 
that the liquid in question only comes into contact with air, and 
the free liquid-surface is protected as much as possible from im- 
purities, which even in small quantities, as I shall afterwards 
show, may cause the tension of the surface or capillary-constant 
to appear considerably too small. 

4. In order to compare the capillary-constants of liquids 
examined according to other methods with those derived from 
the observation of capillary heights A, the following method was 
adopted. | 

By means of a glass-blower’s lamp threads of suitable thick- 
ness were drawn out of a thicker glass tube purified as much as 
possible; the upper ends were melted together, and passed 
through two caoutchouc rings, by which the capillary tube which 
was formed by the threads was held fast to a strip of plate glass 
10 millims. broad and from 100 to 300 millims. in length. A 
scale of millimetres was etched on the strip of plate glass, which 
simultaneously with the lower end of the capillary tube was 
immersed in the liquid under examination. The height 4 to which 
the latter rose above the horizontal level of the liquid after the 
closed top of the capillary tube was cut off, was read on the 
scale by means of a horizontal telescope; the capillary tube was 
cut with a glass knife at the place of the meniscus fluid surface, 
and the greatest and least diameters of the sectional surface were 
determined by means of a microscope with an eye-glass micro- 
meter. The latter had a scale of 100 divisions, of which tenths 
could be estimated, One division of the scale corresponded to a 
magnitude of from 0-007 to 0°001 millim., according to the 
magnifying-power used. ‘The means of the estimated values 
of the diameters of the tubes are given in the following Tables 
under 27. The last column contains the product 

Aro? cose, 4 a > 

I have neglected to apply a correction to the observed heights 
on account of the meniscus, as other unavoidable sources of error 
have a much greater influence than this correction. 
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As a matter of precaution, the meniscus was brought to a well- 
moistened place of the capillary tube by inclining or raising the 
latter in the caoutchouc rings. 

By the methods described, glass tubes were obtained which 
were always easily wetted by the liquids applied, so that the 
angle w could be put equal to zero, and hr gave directly the spe- 
cific cohesion a?, from which, by multiplication with half the 

of the common Surface of two Liquids. 

specific gravity 2 the capillary-constant « was obtained in mil- 

higrammes. 
The specific gravities were determined with an hydrometer 

suspended by a thin platinum wire and a delicate balance. 

Tasie I.—Heights in Capillary Tubes. 

Water. Hyposulphite of soda, 

No. a7. h. hr. No. 2r. h. hr. 

millim. | millims. | sq. mil. millim. | millims. | sq. mil. 
I. | 0-252 | 115-2 14:19 1, | 0:444 60-6 13°45 
2.4 O287 1. 1017 14:57 2.| 0-533 50°8 13°55 
3. | 0356 81:2 14-44 3. | 0588 46-7 13°74 
4, | 0529 95°7 14:74 ||—— = aes 
5. | 0840 34:3 14-41 Mean...... 13:58 

Mean...... 14°47 

Bisulphide of carbon. Olive-oil. 

J. | 0°305 34:4 5240 }./| 0:268 53 7107 
2.| O3d44 30°7 5'°284 |} 2.) 0387 36°4 7:05 
3. | 0364 29 5°290 3. | 0623 23°5 7321 

N ea... 5°273 Mean...... 7159 

Oil of turpentine. Chloroform. 

1. | 0-094 164 6°243 £21" 0-079 95 3°742 
2..| 0:357 39°] 6°258 2. | 0:280 26:3 3683 
3. | 0-514 24:5 6295 3. | 0334 21:9 3°662 
4. | 0623 19:7 6-139 4. | 0838 8:6 3°606 

Mean...... 6-234 Mean...... 3673 

Petroleum Alcohol 

Pe 0:21 bi 60°1 6-348 1. | OBG 182°9 5°720 
2. | 0:235 551 6°484 2. | 0331 33°6 5562 
3. | 0:350 36°5 6:°393 3. | 0°606 18:8 5°696 
4, | 0-364 35°8 6-519 ||——— —— — — 
— |—__—- _—- Neamts.'s3. 5659 

Mean...... 6°434 
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The means of these numbers, together with the values of a and 
a, as also the specific gravities c and observed hte 
are collected in the following Table :— 

Tasxe II.—Capillary Constants calculated from the heights in 
the Capillary Tubes. 

No. Substance. @. es a. Temp. 0. 

mgrms. | sq. mil. | millims. é 
1. | Hyposulphiteofsoda| 7636 | 13°58 3-684 | 21-9 1:1248 
Been WWiaber . .oiocks teases 2 7235 | 14°47 3°804 16:2 1 
3. | Bisulphide of carbon.| 3°343 5:273 2:296 18 12687 
A. | Ohive-O1L.%  sedsccosende 3271 7159 2°675 22 0:9136 
5. | Oil of turpentine ...| 2°765 6:234 2-497 21:7 0°8867 
6.6) Chiloveforn: 2.052 ..: 2°733 3'673 1:916 16°6 1:4878 
Ze (Petroleum i.605..00822 2-566 6-434 2-536 22°3 0:7977 
Bid ALCON GN ian daisn hain doe | 2-237 5659 2 379 21°8 0°7906 

5. Some rectangular troughs, 25 millims. in height and from50 
to 70 millims. in length and ‘breadth, were made of plates of very 
pure plate glass stuck together with sealing-wax. The glass 
trough was filled with the liquid to be examined and placed on 
a horizontal glass plate before a cathetometer, whose horizontal 
microscope or telescope was provided with cross-wires or a glass 
divided as a micrometer, and whose horizontal and vertical dis- 
placement could be measured to 0-001 of a millimetre. The ho- 
rizontal glass plate was cemented on a wooden stand provided 
with three adjusting-screws. A narrower plate-glass cover was 
laid on the glass trough filled with the liquid under examination, 
and was placed horizontally by means of a level. With a clean 
glass thread just drawn out before the lamp, of from 0°5 to 2 mil- 
lims. diameter, it is easy, after a little practice, to blow an air- 
bubble of suitable magnitude (about 20 or 80 millims. in dia- 
meter) under the glass cover. The glass trough was so shifted 
that the contour of the air-bubble, which was suitably illumi- 
nated from behind, appeared sharp in the range of the micro- 
scope, and then the heights K and & were measured as quickly 
as possible. The objective of the microscope had a diameter 
of 16 millims., and was about 120 millims. from the object. 
The whole arrangement was similar to that which I had before 
used for the measurement of drops of mercury*. 

The glass trough and plates must be as clean as possible, and 
well wetted with the liquid under examination. 

In the following Tables are collected the observations on a 
series of air-bubbles in an aqueous solution of hyposulphite of 
soda, distilled water, bisulphide of carbon, olive-oil, oil of tur- 
pentine, petroleum, and absolute alcohol. 

* Compare Pogg. Ann. vol. cv. p. 15, and pl. i. figs. 4,5, 11, 12 (1858). 
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For bisulphide of carbon, oil of turpentine, and petroleum, 
the plates forming the trough were fastened together with com- 
mon glue; for the experiments on absolute alcohol, with pure 
paraffine. For the sake of simplicity the negative signs are 
omitted before K, k, and K—k. 2r gives the greatest diameter 
of the drop, or the horizontal distance of two opposite vertical 
meridian-elements &. When, in the column for 27, two commas 
denote that the diameter of the air-bubble is the same as that of 
the one above, both observations relate to the same air-bubble, 
but the second was made a longer time after the rising of the 
air-bubble than the first. The value of the capillarity-constant a 
in the last column is calculated by means of equations (4) and 
(7) (§ 3). The rest of the arrangement of the Tables speaks 
for itself. 

of the common Surface of two Lig uids. 

Tasxe [IJ.—Flat Air-bubbles in a solution of Hyposulphite of 
Soda. o=1°1248. 

| No. 2r. K. k. K=ko| KONG, a. 

millims.} millims. | millim. | millims. | millims.| mgrms. 
i 20 9°070 1-302 3768 3°585 7984 
2. r 5-015 | 1189 | 3826 | 3546 | 8-233 
3. 28:2 5°358 1°620 3°738 3'788 7856 
4, a 9°323 1-661 3°662 3°763 7941 

Mean...... 7903 

Flat Air-bubbles in Distilled Water. 

Gt pleut, = 23°C, 

1, 18 5°628 1516 4112 3°978 8:°455 
2. 27°6 5°552 1-488 4:0€9 3°926 8-280 
3. 21 5°909 1-537 3°972 3°895 7°905 
4. 21-9 5:255 1:212 4°043 3716 8170 
5. 20 9°082 1071 4011 3°594 8040 
6. 20:'8 5315 1-090 4:225 3°758 8:920 
‘ie 30°7 5612 1-612 4-000 3°969 8-000 

Mean....3: 8-253 

Flat Air-bubbles in Bisulphide of Carbon. 

a= l'2687- ‘Temp, =25°°C. | 

i: (25) | 3071 | 0891 | 2180 | 2471 | 3-015 | 
2. 27 3°081 0°851 2°230 2-179 3°157 
3. (35) 3°121 0:722 2-399 2°207 3°651 

| Mean...... 3274 
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Flat Air-bubbles in Olive-oil. 

e=('9156.. Temp, =2o '5 (. 

No. 2r. K. hk. K—k | KN, o 

millims. | millims.} millim. | millims. | millims. | mgrms, 
1. 30. 4-027 1:026 3001 2-848 4-113 

2. 34 3:980 1-121 9-859 9-815 3°735 

oe ee 4-031 1-146 2-885 2-850 3'804 

4, 31-2 3900 0:997 2-903 2-758 3°850 

5, rf, 3919 1:105 2-814 2:774 3617 

6. 297 3:978 1:227 2751 2:813 3°457 

cp * 4-052 1:191 9°861 2-865 3741 

Mean...... 3°760 

Flat Air-bubbles in O:l of Turpentine. 

c= 03867. Tenp., =25° 1c; 

| 1: ? 3°512 0-958 9-554 2-483 2-892 

2. Ae 3543 1012 2-531 9-505 2°841 

3. 26-8 3402 0-737 2:665 9-406 3°149 

4. a 3389 | 0-730 | 2-659 | 2396 | 3-134 
5. ° 3°509 0-889 2-620 2-481 3044 

6. a 3500 0-930 2-570 2-475 2°928 

t: ? 3:580 0:901 2-679 2-531 3181 

8. ? 3°569 0:927 2-642 2°524 3094 

| | Mean..,... 3-033 

Flat Air-bubbles in Petroleum. 

o=0°7977.. Temp, =24°2.€. 

J 29°5 3:°788 0:950 2°838 2:679 3°212 

2 | (30) | 3869 | 1-009 | 2860 | 2736 | 3-263 
3. | (30) | 3:18 | 0-960 | 2858 | 2-701 | 3-258 

295 Mean...... 3°233 

Flat Air-bubbles in absolute Alcohol. 

o=0°7906. Temp. =25°3 C. 

1. 314 3°402 0:870 2-532 2°406 2-533 

2. 3 3:570 1-010 2-560 2°324 2:591 

3. 28°3 3°59) 0:980 2-611 2°539 2:695 

m é 3528 | 0-980 | 2548 | 2-496 | 2-566 
a, 28:2 3:540 1:001 2:539 2-503 2-548 

6. aie 3°523 0:963 2°560 2°491 2°590 

di 28°8 3586 1:013 2°573 2-536 2-616 
8. 9 3°578 0-987 2-591 9-530 2°655 

es Mean...... 2-599 

If the mean values of « of the single observations on air- 
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-bubbles in Table III. be compared with the values of the same 
constant. of Table II. derived from the capillary heights, the 
former will be found greater than the latter. For the sake of easy 
inspection these values are placed side by side in the following 
Table, IV. 

This difference partly results from the assumption that the 
air-bubble has a plane top and an infinitely large radius R’ at 
all points of its surface. Now R!'=r for the vertical meridian- 
elements, and is less than at the top of the air-bubble, where 
the principal radii of the curves are equal and very large. Thus 

the magnitude = for the vertical meridian-element may be 

greater than the magnitude - for the surface-element of the 

top of the air-bubble, or the capillary pressure in the vertical 
meridian-element of the air-bubble greater than was assumed in 
the approximative calculation in § 2. In this case K—A must 
be found greater than the actual value of the constant a. 

After the production of the capillary surface the constant « 
gradually diminishes with the time, and a must be found just 
so much the greater the quicker it can be observed. Generally 
a drop gains its equilibrium much quicker than a column of 
liguid which rises in a capillary tube; and for this reason the 
value of the capillary constant must also be found greater in a 
drop or an air-bubble than from the heights in tubes. For this 
reason also the diameters of the capillary tube should not be 
chosen too small. 

Ifthe angle w were really 180°, then would 

KV7i=K—k=a. 

But this only happens in the fewest cases, as Table III. shows. 
If from the separate Tables the mean of KW} be taken and 

the following expression formed , 

a 
then a will always be <a, as Table IV. shows. 

But according to equations (4) and (8), § 2, 

a= (12) 

co l—cosw ees 
a =a,sin*— Bh dPrigy mg 2 

6=180°—@=180°—2are (sin =a/ 2) .' (3) 
a 

The last column but one of Table IV. gives the values of the 
acute angle @ calculated from equation (13), the last column the 
values of cos @ reckoned from columns 4 and 6. 
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Tasie 1V.—Capillary constants « of the free surface of Liquids 
at.the mean Temperature. 

Capillary 
heights in Drops. 

No. Substance. tubes, ©. _—————_______ 0. acos 0. 
a= Nhr, |a=K—#k.Ja=K VE 

a. a. ae 

J 8 mgrms. | mgrms. | mgrms. o 6y:|| Mgrms. 
De LOR CUNY sic: Pe petna | avin ean 55:0380 | 44-600 | 51 8 
2. | Hyposulphite of soda... 7°636 7903 7580 | 23 20 7°256 
Bul Water clsauncdemieaes.. 7°235 8-253 7850 | 25 32 7°449 
4. | Bisulphide of carbon.| 3°343 3:274 | 3021 | 32 16 2768 
G. | Olive-oll .5.....c00s000. 3:271 3760 | 3625 | 21 50 | 38-490 
6. | Oilof turpentine ...,| 2°765 3:033 2716 | 387 44 2°398 
ée | Chloroform ......0. 2:733 3120 
S, | PetrOlOUM jsacssees es! 2°566 3°233 2°918 36 20 2-604 
Ba Alcohol. cet. 2-237 2599 2476 | 25 12 2°352 

The value of for chloroform, contained in this Table, was de- 
rived from the height z on a moistened glass plane, where con- 
sequently the angle w was made equal to 0. It was found that 

z=2'114 millims., 1-949 millim., 2°078 millims. ; 

or the mean of : 

a=2°047 millims., a?=4°191 sq. millims., «=3°12 milligrms. 

The values for mercury are taken from the observations given 
in the following section. 

Notwithstanding the inexactness of the value of the angle @, 
which was only determined approximately, the numbers in the 
last column, which almost agree with those in the third column 
of Table IV., show how unjustifiable it is to assume that the 
angle of the capillary meniscus in glass tubes is equal to zero, 
and from the capillary heights to determine the capillary con- 
stants of the liquids in question by the help of this assumption. 

The variations which exist in the numbers of the third and 
last columns for oil of turpentine and bisulphide of carbon may 
very likely be caused by a chemical change in these liquids, as 
between the measurements of the flattened air-bubbles and ca- 
pillary heights of these liquids there was accidentally an interval 
of several weeks. 

6. For flattened drops of mercury on clean glass plates in the 
air, measurements were made, in the shortest time possible after 
the formation of the same, similar to those made for flattened 
air-bubbles. Table V. gives the results. The values of K, 4, 
and K—kare, of course, positive. 7 
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TasLe V.—Flat drops of Mercury in Air. 

o¢=13'5432. Temp. =20° C. 

No 2r. Le k. K—&. a. 

millims. millims. millim. millims. mgrms. 
1. 28-9 3°463 0-529 2°934 58°30 
2% ? 3°595 0-705 2-850 54:99 
3. (20) 3°722 0-851 2°871 55°84 
4, (20) 3°731 OOS ny 2792 52°78 
5. (20) 3°630 0-857 2-773 52:07 
6. 32°53 3°628 0-789 2-839 54:56 
7. 34 3°649 0°788 2°861 55°46 
8. 33 3°656 0-774 2-882 56°24 

| Meatinsssern 55:08 

The mean height K of the drops is 3-629 millims., from which, 
and by means of equations (12) and (13), it follows that the 
acute angle of mercury against glass, when #=55-03 milli- 
grammes, 1s 

| O=G12 Sr. 

7. Drops of a liquid of specific gravity o,, in another liquid 
of specific gravity oo, behave similarly to drops of mercury in air 
when o, >a. 

In this relation I examined bisulphide of carbon and chloro- 
form in water which was placed in a trough whose sides were 
made of plate glass and cemented with sealing-wax. The drops of 
liquid introduced into the water did not come into contact with 
the sealing-wax. Without this precaution, a, will be found 
less than in the following Tables, in which the observations are 
collected. The measurements were made as described in § 5. 
The notation is the same as there, except that K, 4, and K—k 
are now positive magnitudes. 

Taste VI.—Flat drops of Bisulphide of Carbon in Water. 

2 =0'1348. 
ig, 

2 

No. Qe. K. kh. Rk Pes, a, 
SS 

Gi — 2087, \(o,—), 

millims, | millims. | millims. | millims. | millims. | mgrms. 
1 25°5 7878 2°368 5510 9'571 4-069 
2 “ 7°887 2-409 9°478 5577 4-021 
3 = 7536 2°146 5390 5328 3°893 
4 271 7960 2-130 5°850 5628 4:555 
5 v4 8-091 2:283 5°808 5°723 4:520 
6 ? 8-000 2217 5°783 5°657 4°480 

Mean..... . 4:256 
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Flat drops of Chloroform in Water. 

O,—9G) o,=14878, o,=1, 5 -2=0:2489. 

No. or. K. k. K-k | KW. ee, 

millims. | millims. | millims. | millims. | millims. | mgrms. 
] 28:9 4:891 1:34] 3°550 | 3458 | 3-073 
2. 33 4-614 1:325 3°289 | 3:263 | 2°638 
3. 32°] 5170 1:383 3:787 | 3656 | 3497 
4. (36) 4-935 1-485 3450 | 3:490 2°902 
5 es 4°825 1:353 3472 | 3All 2°941 

Meda sas 3010 

It may be observed with regard to this and the following ex- 
periments, that the liquids show the greatest cohesion at the 
moment they come together; they then intermingle* ; conse- 
quently they become similar to one another in the neighbourhood 
of the limiting layer; and by these means the tension @,, of the 
common surface must diminish, which would certainly be 0 
as soon as liquids 1 and 2 were the same. This decrease is evi- 
dent from the experiments. 

If bisulphide of carbon and water remain a long time iti 
contact, an air-bubble is formed on the top of the drop of bi- 
sulphide of carbon, which gradually increases in size. 

Analogous observations were made on drops of olive-oil, oil 
of turpentine, and petroleum, the production of which was similar 
to that of air-bubbles (compare § 5) under a horizontal glass 
plate in water. The observed values of K, k, and K—é are ne- 
gative; for the sake of brevity, however, the negative signs are 
omitted in the following collection of observations. 

* According to Dupré (Théorie Mécanique de la Chaleur, Paris 1869, 
8vo, p. 3/73), the diffusion of two liquids will always take place as soon 
aS a, ao < 2F", where 21/=«,+ @,— «9 (loc. cit. p. 370). According to 
these data, then, two liquids would diffuse as soon as @,, the surface-ten- 
sion of the common limiting surface, became negative; but according to 
my experience, not only do they diffuse for #,,.=0, but also when @,,. has 
a very appreciable, of course positive, value. 
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Taziz VII.—Flat drops of Olive-oil in Water. 

 Oo9—-o 
o,=0°9136, o,=1, “~.—'=0:04818. 

No. 2r. K. k K—k | K= 2. a. 

millims. | millims. | millims. | millims. | millims. | mgrins. 
1. Sa te eee A TO0UG | ies. 2-120 

a 33 9-662 2-633 7‘029 6832 9-134 

3s 452 10:052 2-772 7:280 7108 2-289 

4, 42°] 9:770 2-896 6°874 6°908 2-042 
5. is 9°677 2838 6°839 6°842 2-020 

6. 47'4 9:719 2°778 6941 6:873 2-082 

7. i 9592 | 2:807 | 6-785 | 6-782 | 1-988 

Mean...... 2-096 

Flat drops of Oil of Turpentine ii Water. 

oo—6C 
o,=0°8867, o,=1, —.—_ =0:05665.——-— 

2 | Migs 

1. i¢5 | 6276 | 1-764 | 4-512 | 4-438 | 1/150 
2. 59 6-120 1°760 4°360 4‘328 1:074 

BF ? 6°128 1-602 4-526 4°334 1:157 
4, 18:7 6368 1:-479 4'889 4:503 1:350 

5 ‘ 6-279 | 1538 | 4-741 | 4-440 | 1-270 
6. | 6°295 1:685 4:610 4°451 1-200 

y 175 6080 1:545 4:535 3:832 1-162 
8. 12:9 5°620 1:350 4:270 3°974 1-030 

9, 23 6:400 1:790 4-610 4:526 1-200 

Mean :..is 1177 

Flat drops of Petroleum in Water.’ 

o,—6C 
y= 0'7977,. ¢,=1, “9 '— 01012, 

] 21°6 7°735 2-155 5-580 5470 3147 
2. 45 7980 2:060 5-920 5648 3°542 

3. 26-1 $312 1°650 6 662 5-878 4382 

4, a §:180 1683 6°497 5°785 4:267 

Mean...... 3°834 

It also follows from these observations that the liquids inter- 
mingle, and the capillary constant «,, becomes smaller the longer 
the liquids remain in contact. 

The numbers in column K + are less than those in column 
K—k4, from which it would follow that the angle 6,, was not 0. 
The values of this angle, calculated by means of equations (8) 
and (9), § 3, are given in the last column of Table X. § 10. 
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8. I have further measured the capillary constants of the com- 
mon surface of mercury with other liquids. 

The observations collected in Table VIII. were made on flat 
drops of mercury in an aqueous solution of hyposulphite of 
soda, water, and olive-oil, like those on flat drops of bisulphide of 
carbon or chloroform in water ($ 7). For the observations on 
flat drops of mercury and petroleum a trough was made of 
plates of plate glass cemented with common glue; for observa- 
tions in absolute alcohol they were cemented with pure paraffin. 

In order to measure the vertical distance of the horizontal from 
the vertical surface-element in flat drops of mercury on a hori- 
zontal glass plate in a liquid placed in a glass beaker, a flexible 
thick copper wire with a vertical thin sewing-needle at the end, 
was fastened to the cathetometer. The needle-poimt was then 
moved so as to touch the top of the drop or the horizontal glass 
plate (where the needle-point and its image must have touched 
one another), or was placed at an equal height with the vertical 
meridian-element of the drop. _ The latter adjustment, however, 

7 is difficult and inexact. 
The determinations from Nos. 3 to 7, for mercury and bisul- 

phide of carbon, were made in this manner: for Nos. 3 to 5 the 
values of a,. were obtained from K—; for Nos. 6 and 7 from 
K 74, by which the marginal angle was put = 180°. 

Another part of the observations were conducted in the follow- 
ing manner. A horizontal glass tube 18°3 millims. in length 
and 25°8 millims. in diameter was closed at the ends by vertical 
glass disks, which were pressed by screws against the evenly cut 
thick wall of the glass tube. The latter was half filled with mer- 
cury through an opening in the upper part of the tube; and upon 
this the liquid was poured, for whose common limit with mer- 
cury the capillary constant was to be determined. The depression 
of the mercury at the vertical glass plane moistened by the spe- 
cifically lighter liquid was measured with the cathetometer; and 
this was then, assuming the angle to be 180°, the constant de- 
noted above (equation 6, § 3) by a,.. Observations 1 and 2 for 
bisulphide of carbon, 1 and 2 for petroleum, and 1 to 3 for 
chloroform and mercury were made in this manner. 

By inclining the vessel and immediately observing the capil- 
lary depression on the vertical glass side, I endeavoured to make 
the marginal angle =180°. If the liquids are left long in con- 
tact with the glass side, then in general the acute angle 0,, > 0°, 
as follows, for example, from the observations on turpentine and 
mercury (see Table VIII.), where the angle @,. was found, from 
the determinations of the height of the drop K, to be 47° 2’, and 
from the depression on a glass plate to be 11° 54’. 

For the observations on flat drops of mercury in petroleum 
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and alcohol the values of K,/4 are partly greater than the corre- 

sponding values of K—; so that I then put 

ae 180°—@,.=0, 

and have taken the mean of the determinations 

K? o,—o5 

ieee) oy ug 
Puls 2a, 

ao=(K—k)? cto (14) 

Taste VIII.—Flat drops of Mercury in aqueous solution of 
Hyposulphite of Soda. 

o 
o,=13'548, o,= 11248, = =6°209. 

No. 2r. K. k. K—k | KV¥Z. | ae 

millims. | millims. | millim. | millims. | millims. | mgrms. 

1 163 3°722 1-027 2°695 2°631 45°10 

2 b, 3-659 | 1-052 | 2:607 | 2°587 | 42-19 

3. 16:4 3°703 1-085 2°618 2°618 42°54 

4, 27:3 3°937 1101 2°836 2:784 49-94 

5. > 3°828 1-098 2°730 2°707 46°28 

6 o 3°699 1-019 2680 2-616 44°59 

Mean...... 45°107 

Flat drops of Mercury in Water, 

o,=13'543, o,=1, 2% =6 271. 

I, 28:9 3538 0:905 2°633 2502 43°49 
Zz. a; 3°572 0:890 2°682 2°525 45°10 
3. (30) 3564 1-004 2°560 2:520 41:10 
4. (30) 3643 1-038 2:605 2°576 42-56 
5. (30) 3°63 1:006 2°607 2°555 42-62 
4 32°5 3°58] 0-958 2-623 2-532 43°15 

30 3611 1-084 2°527 2594 40-05 
a ee | ee ee 

Mean...... 42°38 

Flat drops of Mercury in Olive-oil, 

Gas Careers. 15 5} 6:315. 

? 2:988 0-677 Zoi 2-113 Surel 
a 3101 0:805 2-296 2-193 33°29 

3177 0-815 2:362 9-247 35:23 

4 3:098 0-816 2-282 2-191 32°85 

? 3194 0°825 2-369 2-258 30°42 

5 3147 0-806 2-341 9-925 34°60 

o,=13°543, o,=:0'9136, 

So ae 

bo © 

Mean,..... 34:19 

Phil, Mag. 8S. 4, Vol, 41. No. 278, Apri 1871, T 
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Flat drops of Mercury in Oil of Turpentine. 

o,=13:543, o,=0°8867, <1? = 6'828. 

No} 2r. Kal ib bes A RB Wb wage pened lO 
et eee — 

millims. |miliims.| millim. |millims. |millims. |mgrms. 
L430" Sie.) ee wel Pobgalrmens 94-49 aa 
2.| , | 2590] 0536 | 2-054-| 1-838 | 26-69 | 21-37|47 38 
3.| ,, | 2611 | 0-567 | 2-044 | 1-846 | 26-42 |21-57/46 26 
4,| 363 | 2-856 | 0-886 | 1-970 | 2-019 | 24-56 | 25-77| 0 

Mean..: 25°54 

Mercury and Oil of Turpentine. 
Depression on a vertical glass plane. 

No. |z=a,,V1—sin6,,.| «,,(1—sin 0,3). O19: 

millim. mgrms. 3 cer ees 
ie 1-811 20°75 10 49 
2, 1-787 20-20 12 4 
3. 1-782 20-09 12 19 
A. 1-787 20-20 gis 

20°31 1] 54 

Flat drops of Mercury in Petroleum. 

Oye 

No.| 2p. Re cs fee eo] Was el cae | %. 

millims. | millims. | millim. | millims. | millims. Imgrms.| 
DYN grea (a Mears L WHD dss aol 29-32 
DM She Anat shies, D118 | cseses 28:59 | millims. 
3.| 38 | 3-016 | 1-006 | 2010 | 2-133 | 25-74] 28-99 
oe ee 2-990 | 1-003 | 1-985 | 2-114 | 25-11] 28-49 
5.| (80) | 3-026 | 0-806 | 2-220 | 2-140 | 31-42] 29-18 
Bae, 3-088 | 0-841 | 2247 | 2-184 | 32:18] 30-39 

| | iz - 98-94 

Flat drops of Mercury in Alcohol. 

: pe G6), SF y 
g,=13:543, o,=0°7906, —.—*=6:376,,____ 2 ee 

peas 12° 

Dip arian genre hone B48 4 38-05 
2 . 3698 | Lit | 2574 | 2615 | 42-24] 43-60 
3 3579 | 1157 | 2-422 | 2-531 | 37-40] 40-84 
4,| 25-6 | 3:562 | 1-065 | 2-497 | 2-519 | 39-75] 40-42 
DEAE gene S Uae) Babs aie.) 41-64 
is Wages 8 Lae oA OR a 2580 | ...... 42-43 

Mean ..,... 40:708 
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Mercury and Bisulphide of Carbon. 

K o,—c | 
o,=18°548, o,=1°2678, 9 oa 1376 

d No, rey “QjQ:. UZbo 

millims. mgrms. 
1 2:550 39°90 
2 2-580 40°85 
3 9-439 36°51 
4, 2°543 39°68 
5. - 2°370 34°46 
6 2°49] 38:09 
7 2:432 36°31 

MES cusesceceecet 37-97 

Mercury and Chloroform. 

712.6 | 7 o,=13°543, o,=1°4878, 9 = 6°027. 

1, 2-618 41:29 
2. 2:598 40°69 
3. 2-586 40°29 

Meaty in5504) seneeaes tee 40:7) 

9. The observations on flat drops of olive-oil in absolute alco- 
hol were conducted similarly to those on drops of mercury in 
the same liquid, and gave the following results :— 

Taste IX.—Flat drops of Olive-oil in Alcohol. 

o1—% o,=0'9136, 0,=0°7906, 15“? =0-0615. 

No. 2r. K. k. K—k | Kd. dé, 

millims. ‘nig hens: millim. | millim. | millim. | mgrm. 
I 27°] 2-149 0-289 1-860 1°519 0-213 
2. rs 2-211 0-251 1-960 1563 0:236 
a. 281 2-314 0:339 1:975 1-636 0-240 
4, i 2°329 0°457 1-872 1:647 0-215 

Mean. ... 0°226_ 

The capillary constant of the common surface of olive-oil and 
aqueous alcohol of nearly equal specific gravity is also interesting 
on account of Plateau’s experiments. 

I determined, in a glass which with the liquids had not been 
disturbed for a year or more, and in which the aqueous alcohol 
had obtained a greater specific gravity than the olive-oil, the 

T2 
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depression z of the olive-oil at the vertical cylindrical surface of 
90 millims. diameter. It was 14 millims. in a place where, 
according to reflected light, the marginal angle amounted to 
180°, so that we have :— 

Olive-oil and Aqueous Alcohol (Plateau’s liquid). 

o,=0'91599, o,=0-92807, A=? = 0003538. 

ZA), aio ; 

14 millims. 0:6934 milligramme. | 

10. The experimental results of the three foregoing sections 
are collected in Table X. For the sake of conmparison the ca- 
pillary constants #, and «, of the free surface of liquids 1 and 
2 are placed next to the capillary constant @,, of the common 
surface of both liquids. 

It is at once seen that the relation «,,=a,—a, 1s not fulfilled 
(compare § 2), that a,.1s always smaller than the greater capillary 
constant of the free surface of a liquid, but may also be less than 
the smaller of the constants a, ora. The last, for example, is 
the case for oil of turpentine, olive-oil, or petroleum and water. 

An influence of the specific gravity on the value of a), is not 
perceptible from these observations, although the common sur- 
face of mercury with other liquids shows a greater capillary 
constant than the common surface of other, specifically lighter 
liquids, as was to be expected from the great specific weight of 
mercury and the great mass of mutually attracting particles. 

The constant «,. shown for mercury and hydrochloric acid 
was calculated from earlier* observations of the height of the drop 

K=3'514 millims., by assuming sf 9 72 — 6-22, and the angle 

@1o = 180°. 
The considerations of § 5, as well as equations (11) and (12), 

are directly applicable to the present observations as soon as the 

01— 9» 
2 2 half difference of the specific gravity, or is introduced 

eS 

& = 

In the following Table the values of «, are calculated by the 
help of equation (12), the values of 6,, by equation (13) and the 
mean value «,, as it was found from observations of K —A. 

For one series of substances the angle @,, lies between 0, and 
§,. For the other substances, petroleum and water excepted, it 
is less than both. 

instead of 

* Poge. Ann, vol. ev. p. 39 (1858). 
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I must, however, observe that too much weight ought not to 
be laid on the approximative values found here for 4, or 0, and 
0,, since the values a, and @,5, a8 I shall take another opportu- 
nity of arguing more closely, may also, from other grounds 
than thosewhich have been accepted hitherto, prove to be different. 
The value given for 0,9 with olive-oil and alcohol is too great, as 
a simple consideration of the drop shows, and a direct determina- 
tion of 0,, 8, and @,, is always to be preferred to an indirect. 

It may here be mentioned that for liquids which can be mixed ~ 
in all proportions a,,=0,—thus for water and aqueous solution 
of hyposulphite of soda, water and alcohol, oil of turpentine and 
alcohol, oil of turpentine and olive-oil, oil of turpentine and bisul- 
phide of carbon. 

If liquid 1 is identical with liquid 2, then a). is of course 
equal to zero. 

The capillary constant «,. measures the surface-tension of 
liquid 1 at the common limiting surface just as well as the ten- 
sion of surface of liquid 2 in the neighbourhood of the common 
limit. 

[To be continued. ] 

XXXIV. On an Optical Illusion. By Josrru LeConte*, 

To Professor Tyndall, F.R.S. 
University of California, 

Dear Sir, Oakland, California, Jan. 27, 1871. 

6 Ree very recently my attention has been called to a very 
interesting and suggestive letter addressed to you by Mr. 

J. L. Tupper+, containing his explanation of an optical illusion, 
Permit me through the same medium to make some criticisms 
on Mr. Tupper’s letter, which I hope will place the subject in a 
clearer light. Iam sorry I did not see the letter sooner, as the 
criticisms would seem more appropriate if they had followed 
quickly the publication of the original. 

I reproduce here (fig. 1) Mr. Tupper’s figure illustrating his — 
experiment, only adding 
the dotted line to illus: eo 
trate my own views. E 
is a radiant point of 
intense light, ce. g. a 
pinhole through which 
light streams, G alarger 
hole in which is fixed a 
small pin, and through 
which a cone of light 
passes to the eye from E, Under these conditions the pin is seen 
inverted. - | 

* Communicated by Prof. Tyndall. + Phil. Mag. vol. xxxix. p, 423. 
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A very simple and easy way of making the cxperiments, I 
have found, is as follows. Make a pinhole (a) in one end of a 
card-paper box (fig. 2). Through the Fig. 2. 
bottom at the other end thrust the pin ae 
(p) until the head stands a little above 
the margin of the box. Nowwith the . 
eye at E work through the pinhole a 
at the sky or any strongly illuminated 
surface. The head of the pin will be seen in the pinhole inverted 

thus (1). 

Mr. Tupper’s explanation of this illusion is substantially as 
follows. In ordinary vision, as is well known, the retinal im- 
pression is made by conical bundles of rays from radiant points 
of the object convergedto corresponding focal points in the image; 
while in this experiment “ the rays of light pass from the radiant 
point E (fig. 1) and proceed to the lens, whence, after refraction, 
they slightly converge and end on the retina in a circle of light 
containing a dark space corresponding to a section of the pin.” 
Now the impress in this case differs from that of natural vision 
in two respects: Ist, it is produced by single rays passing by the 
margin of the pin instead of bundles of rays converged to focal 
points; 2ndly, the impress in this case 1s erect, while in natural 
vision it is znverted. “‘ Now it is manifest that two diametrically 
opposed positions of the pin on the sensitive retina will produce 
perceptions of diametrically opposite positions of the object.” 
Pictures formed on the retina in the manner of this experiment, 
to distinguish them from ordinary retinal pictures, Mr, Tupper 
calls “ single-ray delineations.” 

1. Now there is no doubt that this explanation is substantially 
correct ; but it would have been much clearer if Mr. Tupper had 
distinctly expressed the fact that the retinal impression in his 
experiment is not an image, as in ordinary vision, but a shadow, 
Mr. Tupper seems to have perceived the distinction, but has not 
kept it clearly in his mind; and hence some confusion in his de- 
ductions. The extreme nearness of the pin is unfavourable for 
making an image and therefore for vision, but very favourable 
for making a strong shadow. ‘The truth is we can hardly be 
said to sEE the pin at all. The shadow on the retina, by a well- 
known law, is projected outward into the field of vision and seen 
there inverted. The phenomenon is precisely similar to musci 
volitantes, which are also retinal shadows projected into the field 
of view and seen inverted. What proves incontestably that the 
retinalimpress in Mr. Tupper’s experiment is a shadow and not 
an image is, that, like shadows, it may be multiplied (as Mr, 
Tupper himself recognizes) to any extent by multiplying, not the 
pins, but the radiant points, In the experiment with the card- 
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paper box (fig. 2), this may be easily shown by making a number 
of pinholes at a. In each an inverted pinhead will be seen 

thus ; Mey But the pinholes are seen in their true positions, 

though the pins are inverted. The reason is plain, The radiant 
cones from the se- ie 3 g. 3, 
veral pinholes cross 
each other (fig. 3), 
as all radiant cones 

° « : . a 

do, and their posi- “-=————— ==" vg [ex 
tions on the retina peer ee ta : 
are therefore inver- ~ Gi aa (las 
ted; while the rays 
of each cone do not 
cross, as rays of ra- 
diant cones never | 
do unless the retina is beyond the focal point; and the retinal 
shadows (A, A’) of the pin are therefore erect. 

2. Mr. Tupper seems to think that his experiment overthrows 
the law of visible direction, and draws the arrow B (fig. 1) to 
show the direction in which, according to this law, the pinhead 
ought to be seen. But in this I think he is mistaken. The ex- 
periment confirms the law, as indeed does every phenomenon of 
vision. The law of visible direction is, that every point of the 
retinal impression is referred to the field of vision along a line 
passing through that point and through the optic centre. The 
visible direction 1s not represented by the line A B, but by the 
dotted line A C which I have added. This gives the pin inverted 
as we actually findit. How Mr. Tupper was led into this mistake 
I know not—unless he supposes that the ray A, followed back 
along its last course, gives the visible direction. In ordinary 
vision, it 1s true, the visible direction for each point is the axzal 
ray of the cone followed back; but this is only because this ray 
passes through the optic centre. But Mr. Tupper says “the 
object 1s seen where it is not.” Musci volitantes are also seen 
where they are not, not only as to distance but also as to direc- 
tion. ‘Those above the optic axis are seen below the line of sight, 
and those below are seen above. The law of visible direction 
gives us the true position of objects seen by images, but not of 
objects seen by retinal shadows; but, properly understood, this 
is one of those apparent exceptions which prove the law. 

3. The last paragraph of Mr. Tupper’s letter I do not quite 
understand; but it certainly contains an erroneous statement. 
“It may be noticed,” he says, “that this analysisdemonstrates the 
peculiar effect of what I call single-ray delineation on the retina, 
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which will happen not only when the radiant point is behind 
the object, showing it as a shadow, but also when an object, itself 
reflecting rays, 2s seen through a pinhole. The effect in both cases 
is faint vision and an wninverted image on the retina, which would 
result in both cases in inverted vision, save that in the latter 
there has been a previous inversion which sets things right.” 
Now in this sentence there is an association, under the ternt 
single-ray delineation, of things which are entirely distinct. 
Nothing can be more certain than that vision through pinholes, 
in all essential respects, is precisely similar to ordinary vision. 
It is vision by retinal zmage, and not vision by retinal shadow. 
The image on the retina in this case, as in all cases of true vision, 
is formed by cones of rays from radiant points of the object con- 
centrated to corresponding focal points in the image—the only 
difference being that the radiant cones in pinhole vision are very 
small, and the light therefore feeble. The axial rays of the ra- 
diant cones cross each other as in ordinary vision (though per- 
haps not exactly at the same point as in ordinary vision), and 
produce therefore an inverted image on the retina. In other 
words, a pinhole acts much as a very small pupil. The retinal 
impression formed by pinhole vision is therefore entirely different 
from that in Mr. Tupper’s experiment. The one is a rue image, 
the other a shadow; the one 1s inverted, the other erect. 

What Mr. Tupper means by the last part of the sentence 
quoted above I cannot tell. 

I fear I weary your patience with this long letter. Only one 
word more. Whether the seeing of objects in their true position 
be, in man, a primary or an acquired faculty may perhaps always 
be a vexed question. My own belief is that it is partly the one 
and partly the other—that a capacity is innate by virtue of which 
the very complex knowledge involved in vision is rapidly, almost 
immediately acquired. The actions of all animals are determined 
partly by experience and partly by instinct. But instinct itself 
is probably but an inherited capacity, improved by the experience 
of thousands of generations—a sort of inherited experience. In 
insects the wealth of inherited experience is great, and of indi- 
vidual experience is small; while in man the reverse is true. I 
think no one can doubt that a newborn chick or a newborn ru- 
minant sees objects in their true position. Is it improbable, 
then, that in man also erect vision is partly the result of inhe- 
rited experience, though confirmed and strengthened by imdivi- 
dual experience—the former inherited through all human gene- 
rations, or, even perhaps (Darwinians would say) through all 
vertebrate generations ? 

Very truly and respectfully yours, 
JosnpH LeConte. 
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XXXV. Contributions to the Mineraloyy of Nova Scotia. By 
Professor How, D.C.L., University of King’s College, Wind- 
sor, Nova Scotia. 

[Continued from vol]. xxxix. p. 280.] 

VI. Winkworthite, a New Mineral from the Gypsum of Hants 
County. 

Sante I first showed the existence of borates in the gypsum 
and anhydrite of this district, in addition to the specimens 

collected by myself, some very good ones have been obtained by 
others. Mr. Selwyn, Director of the Geological Survey of the 
Dominion of Canada, to whom I had the pleasure of exhibiting ~ 
my cabinet while on an official visit to this province during the 
past summer, was surprised at the considerable dimensions of 
some of the specimens I had secured, as he himself, on inspect- 
ing the gypsum quarries in company with Professor Hind, had 
only seen small nodules. My success was due, to some extent, 
to the good services of the quarrymen; for, having pointed out 
the different borates to some of these and to the manager of some 
of the quarries at Winkworth, the locality of the finest specimens 
‘of silicoborocalcite (Howlite of Dana), I was fortunate enough to 
‘bring about the preservation of a number of specimens fresh | 
from the newly blasted rock. The quantity of gypsum raised 
at those of the Winkworth quarries now spoken of amounts on 
the average to about 22,000 tons a year; so that there is a good 
deal of material for examination. I may mention that the total 
export of “ plaster” (7. e. gypsum and anhydrite), a few thou- 
sand tons only of the latter, however, being sent away, during 
the last two years from this county has been as follows :— 

Plaster shipped from Hants County, Nova Scotia. 
Port. 1869. 1870. 

Wardsor) 2). S276 55,913 tons of 2240 Ibs. 
Hants port. . 3,860 7 bGT 5 
Maitland .°. ° 1180 1,075 s 
Cheverie . , 9,548 ~~ 15,335 Ps 
AV alton ys! of eG 5,640 a 

Totals . . 100,424 85,530 a 

During the past year, since the publication of the latest paper 
of this series (Phil. Mag. April 1870), very good specimens of 
the borates have been collected by quarrymen at Winkworth: 
some of these came directly to myself; for others I am indebted 
to my friend Mr. J. Brown, of this county, in whose cabinet I 
saw, last summer, the two largest specimens of crystalline How- 
lite yet observed, so far as I know. They consisted of rounded 

CE a 
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masses composed of white pearly scales: the largest was made 
up almost exclusively of Howlite; there was a little overlying 
fibrous silky Ulexite, and a partial covering of the former by 
some grey earthy carbonated gypsum, of which the quantity was 
small; the weight of the whole was about seven ounces avoir- 
dupois: the second specimen was not much smaller; the largest 
previously known to me weighed only about two ounces. Along 
with these fine and interesting specimens was one which at 
once struck me as different from any I had seen; this I did not 
hesitate to beg, and I was kindly allowed to have it for exami- 
nation. On looking over some nodules subsequently received 
from the same place, I found two which resembled Mr. Brown’s 
so closely that I proceeded to analyze them. The results of 
my investigation showed that the ‘unfamiliar nodules consisted 
of a new mineral containing much sulphuric acid in addition 
to the elements of silicoborocalcite. 

The nodule first examined (that from Mr. Brown’s cabinet) 
weighed about 470 grains; it had nearly the size and outline of 
a walnut, and small colourless crystals of considerable lustre co- 
vered the greater part of its exterior; a small portion consisted 
of earthy gypsum ; the rest of the mass was colourless and trans- 
lucent. The fracture was nearly flat, and the new surfaces were 
covered with glistening irregular facets. Under the microscope, 
scrapings were seen to be transparent oblique-angled plates. 
The hardness of the interior was about 3, that of the exterior 
about 2. In the closed tube, fragments gave water and became 
opaque; before the blowpipe, decrepitated and fused readily to 
a clear bead, giving from the first a bright green flame ; on con- 
tinued blowing, frothing took place, the head became opaque, 
and the flame was no longer coloured green. Hence the blow- 
pipe reactions partake of those* which are so characteristic of 
Howlite, as pointed out in my original description (Phil. Mag. 
January 1868), and those of selenite. The following results 
were obtained from the air-dry mineral; the old nomenclature 
and notation, still commonly used in mineralog gy, are retained:— 

te Wee li 

WBE rely) (iss) any orien. (9b 
Laie). by dirhayed bo SLB 
Sulphuric A ORR HC 
Silicic acid oe Veber ig eee 
Boracic acid (by difference) [10-13] 

100-00 
* It is curious that no reference i is made to these well-marked reactions 

in the description of this species in Dana’s ‘ Mineralogy,’ fifth edition, 
p. ‘hi ; in cases of possible doubt they promptly distinguish Howlite from 

exite, 
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These numbers lead to a formula including these elements, 

ICaO, "S104" OSO eb 20NUs 

as seen in the subjoined comparison :— 

Calculated. 
(ea. Found. 

20HOU. 9s. = 160 18°30 18°80 
TNCaOr oe 0S 31°30 31°66 
98070 gio = 308 36°58 — 86°10 
BiOFs aS eS oOrs 3°14 ool 

B BOS eos 10a ke 10°68 [10°13] 

983°93 100-00 100°00 

which brings out the fact that there is close accordance between 
the theoretical and the experimental percentages. 

The second nodule analyzed was sent to me from Winkworth. 
It had not so crystalline an exterior as that just described: the 
upper part consisted of selenite, the lower of a layer of earthy 
gypsum about an eighth of an inch in thickness; the intervening 
portion, forming the greater part of the whole nodule, which 
was about the size of the foregomg and weighed nearly 500 
grains, had characters agreeing closely with those just described. 
The hardness was a little above 3; before the blowpipe the flame 
was coloured green, and a bead clear at the edges was obtained 
at first ; on blowing for some time, continuous bubbling, with 
the gradual shrinking of the bead to an opaque coating on the 
wire, took place. Scrapings had just the appearance of those of 
No. 1 under the microscope. In the analysis a little carbonate 
of calcium was found; this was deducted, the amount (4°47 per 
cent.) being calculated from the quantity of carbonic acid obtained. 
The percentages on the air-dried mineral were these :— , 

No. II. 

Water aS epey Sie one 
Tare Sh eR Ren ee one 
Sulphinievacid %\... 4". 24a ol vo 
Silicie-acide,, «. «. +. re ts + 4°98 
Boracic acid (by difference) [14°37] 

| 100:00 

which lead to a formula including these terms, 

11CaO, 8:07, 880%, 4BO%, 20HO, 

as appears on comparing the theoretical and experimental per- 
centages, thus :— . ; 
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Calculated. 
cr L-————, Found. 

POHO iiss »=180-00 18°40 18:00 

MPC20) 2c: =308°00 31:47 31°14 

8SO? . . =820:00 32°69 o1°51 

Sih. a = 30°81 o14 4°98 

4BO% . . =140°16 14°30 [14°37] 

Oia LOU OU 100-00 

The agreement here, though not quite so close as in the pre- 
ceding case, is sufficient to show that the formula chosen most 
probably represents the composition of the substance analyzed ; 
and the resemblance of the results to those from No. 1 proves 
that we have to do with closely related minerals. In fact I view 
the second as theoretically derived from the first by the inter- 
change of one atom of boracic acid and a little silica for one of 
sulphuric acid, and as being a variety of the species for which I 
propose the name Winkworthite. 

This new species is intermediate between selenite and silico- 
borocaleite (Howlite), thus :— 

oe, Tls==p: 

Sele- ;  Winkwor- } 2 3 Silicoboro- / 2Si0? 
ee thife= ), oy Sg caleite=| +5808 precieno (“=> |. 3805 4B0: eis 

\20HO 20HO L 
and it may originate from the reaction of their elements during 
or after deposition. The nodular form, which is the charac- 
teristic of Howlite as contradistinguished from the crystalline 
habitude of selenite, seems to show that the former was the ori- 
ginal deposit, in which case Winkworthite would be a pro- 
duct of its alteration by selenite. Nodules of selenite occasion- 
ally occur in the gypsum-beds here resembling exactly the amor- 
phous forms of the borates, of which they are probably the 
pseudomorphs. I have examined several specimens of Howlite 
for sulphuric acid: in some cases mere traces were present, both 
in the hard crystalline and the soft opaque conditions of the mi- 
neral; while in other specimens, respectively similar, the quan- 
tity has been decided and sometimes considerable, even after 
every precaution had been taken to exclude selenite, which, as 
mentioned in my original description (Phil. Mag. Jan. 1868), is 
often present in bands traversing the borate. 

In describing the distinct acicular prisms as a new form of 
natroborocalcite (Ulexite, Dana), I named the locality Newport 
(Phil, Mag. April 1870); but it should have been called Newport 
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Station. The fact is, the quarries affording this new and beautiful 
form of the mineral are in the township of Windsor, near, how- 
ever, the boundary line between this and the township of New- 
port; arid the name of the latter got to be associated with the 
quarries from its being that of the railway-station in their imme- 
diate vicinity, from which the gypsum is despatched to be ship- 
ped at Windsor. I have lately observed that this locality occa- 
sionally affords, by the side of the separate needles of Ulexite, 
the hard form of the same mineral, hardness = 3 (Phil. Mag. 
January 1868), and that the interior of the hard nodules is some- 
times very like chalcedony in appearance. Last summer I found 
a good many specimens of Howlite in gypsum from Newport. 
Station, mostly of the chalky variety; a few exhibited in an in- 
ferior degree the pearly scales of the Winkworth nodules; so 
that the borate is not so rare there as it was thought to be. 

I add a summary of the localities of the borates in this county 
at present known to me, and the composition and matrix of each 
mineral, 

Localities of Borates in Hants County, Nova Scotia, 

Borate and Matrix. ~ ; Localities. 

- 1. Natroborocalcite (Ulexite, Dana), >) Clifton erparenei Saas 
315 ville; Trecothick’s Quarry, Three 

: Deter BO eT ( Mile Plains; Winkworth; New- 
IM GYPSUM, Bb uccccseesspretasstecsvapecs J) port Station. 

2, Cryptomorphite, . 

NaO, 3CaO, 9B0?,12HO,- - Clifton Quarry, Windsor. 
in glauber-salt in gypsum, at......... 

ga 3: , Brookville; Winkworth; New- 3. Silicoborocaleite (Howlite, Dana), ib port Station; ‘Noel (Chevaiis 

4(0a0, 2Si0?, 5BO’, 5HO, f- and Walton reported, but matrix 
IM PY PSUR, AE onccas raedeghivsrviye adncee J unknown to me). 

in, anbycrite; at. 56. ovdbasdsHikaie ine Brookville. 

4, Winkworthite, *) 

#. 11 CaO, SiO”, 9S03, 3BO3, 20010, es eer 

B. 11CaQ, Si02, 8802, 4B0?, 2000, fm ** or 

HAO OVISUMG “Wh varugs srscay ss set ga recaess 

=e 

XXXVI. On the Light from the Sky, its Polarization and Colour. 
By the Won. J. W. Strutt, Fellow of Trinity College, Cambridge. — 

[Continued from p. 120.] 

i the February Number of the Philosophical Magazine I 
have propounded a theory of the scattering of light by par- 

ticles which are small in a// their dimensions compared with the; 
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wave-length of light, and have applied the results to explain the 
phenomena presented by the sky. Another theory has been 
given by Clausius, who attributes the light of the sky to reflec- 
tion from water-bubbles, and has developed his views at length. 
in a series of papers in Poggendorff’s Annalen and Crelle’s 
Journal*. 

Starting from the ordinary laws of reflection and. refraction, 
he has no difficulty in showing that, were the atmosphere charged 
with globes of water in sufficient quantity to send us the light 
which we actually receive, a star instead of appearing as a point 
would be dilated into a disk of considerable magnitude. But the 
requirements of the case are satisfied if we suppose the spheres. 
hollow, like bubbles; for then, on account of the parallelism of 
the surfaces, but little effect is produced by refraction on a wave 
of light.. At the same time, if the film be sufficiently thin, the 
light reflected from it will be the blue of the first order, and so 
the colour of the sky is apparently accounted for. 

Apart from the difficulty of seeing how such bubbles could be 
formed, there is a formidable objection to this theory, mentioned 
by Briicke (Pogg. Ann. vol. Ixxxvii. p. 363)—that the blue of 
the sky is a much better colour than the blue of the first order. 
That it is so appears clearly from the measurements quoted in 
the February Number, and from the theoretical composition of 
the blue of the first order+. Nor can we escape from this diffi- 
culty by supposing, with Briicke, that the greater part of the 
hight from the sky has been reflected more than once. | 

_ Bricke also brings forward an experiment of great importance 
when he shows that mastic precipitated from an alcoholic solu- 
tion scatters light of a blue tint. He remarks that it is impos- 
sible to suppose that the particles of mastic are in the form of 
bubbles. 

In his last utterance on this subject}, Clausius replies to the 
objections urged by Briicke and others against his theory, and 
shows that, if the illumination of the sky is due to thin plates at 
all, those thin plates must be in the form of bubbles. While ad- 
* * Pogg. Ann. vols. xxii. xxvi. Ixxxviii. Crelle, vols. xxxiv. xxxvi. 
T I find that I omitted to explain why it is that the light dispersed from 

small particles is of so much.richer a hue than that reflected from very thin 
films. In the latter case the reflected wave may be regarded as the sum 
of the disturbances originating in the elementary parts of the film, and 
these elementary parts may be assimilated to the small particles of the 
former supposition. The integration is best effected by dividing the sur- 
face into the zones of Huyghens ; and it is proved in works on physical op- 
tics that the total effect is just half of that due to the first zone. Now the 
zones of Huyghens vary as the wave-length ; and thus it appears that in the 
integration the long waves gain an advantage which diminishes the original 
preponderance of their quicker-timed rivals, 
{ Pogg. Ann, vol. Ixxxviii. p. 543, 
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mitting that if the particles are very small the ordinary laws of 
reflection and refraction no longer apply*, and that therefore 
this case is not excluded by his argument, he still holds to his 
original view as to the nature of the reflecting matter in the sky, 
considering that the polarization of the light indicates -that it 
has undergone regular reflection. His concluding paragraph so 
well sums up the case that I cannot do better than quote it. 
“Das Resultat der vorstehenden *Betrachtungen kann ich hier- 
nach kurz so zusammenfassen. Soweit man die gewdhnlichen 
Brechungs- und Reflexionsgesetze als giiltig anerkennt, glaube 
ich auch meine friiheren Schliisse festhalten zu miissen, namlich, 
dass in der Atmosphare Dampfblaschen vorhanden seyen, und 
dass sie die Hauptursache der in ihr stattfindenden Lichtreflexion 
und ihrer Farben bilden. Nimmt man aber an, die in der 
Atmosphare wirksamen Korperchen seyen so klein, dass jene 
Gesetze auf sie keine Anwendung mehr finden, dann sind auch 
diese Schlusse ungiiltig. Auf diesen Fall ist aber auch die Theorie 
der Farben diinner Blattchen nicht mehr anwendbar, und er 
bedarf vielmehr einer neuen Entwickelung, bei welcher noch be- 
sonders beriicksichtigt werden muss, in wiefern diese Annahme 
mit der Polarisation des vom Himmel kommenden Lichtes und 
mit der angenahert bekannten Grosse der in den Wolken vor- 
handenen Wassertheilchen vereinbar ist.” 

Clausius does not seem to have followed up the line of research 
here indicated. My investigation (written, it so happens, be- 
fore seeing Clausius’s papers) shows in the clearest manner the 
connexion between the smallness of the particles and the polari- 
zation of the light scattered from them. Indeed I must remark 
that in this respect there is an advantage over the theory of thin 
plates, according to which the direction of complete polarization 
would be about 76° from thesun. It would be a singular coin- 
cidence if the action of secondary causes were to augment this 
angle to 90°—its observed magnitude. It seems, therefore, not 
too much to say that, if the illumination of the sky were due to 
suspended water-bubbles, neither its colour nor its polarization 
would agree with what is actually observed. 

In his celebrated paper on Fluorescencet+, Professor Stokes 
makes the following significant remark :—“ Now this result ap- 
pears to me to have no remote bearing on the question of the 
direction of the vibrations in polarized light. So long as the 

* In many departments of science a tendency may be observed to extend 
the field of familiar laws beyond their proper limits. Thus the properties 
of gross matter are often assumed to hold equally good for molecules. An 
example more analogous to that which suggests this remark is to be found 
in the common explanation of the mode of action of the speaking-trumpet, 
+ Phil. Trans, 1852, p. 526, 



its Polarization and Colour. Mid 

suspended particles are large compared with the waves of light, 
reflection takes place as it would from a portion of the sur- 
face of a large solid immersed in the fluid, and no conclusion 
can be drawn either way. But if the diameter of the particles 
be small compared with the length of a wave of light, it seems 
plain that the vibrations in a reflected ray cannot be perpendi- 
cular to the vibrations in the incident ray.” This is the only 
passage that I have met with in which the theory of the reflec- 
tion of light from very small particles is touched upon. 

If it be assumed, as in the theories of Green and Cauchy of 
reflection at plane surfaces, that the effect of dense matter is 
merely to load the ether, it follows rigorously that the direction 
of vibration cannot be turned through a right angle when light 
is scattered from small] particles. But all we know in the first 
instance is that the velocity of propagation of luminous waves is 
less in ordinary transparent matter than in vacuum; and this 
may be accounted for as well by a diminished rigidity as by an 
increased density. In the first case a scattered ray might be 
composed of vibrations perpendicular to those of the imeident 
beam; so that the matter is not quite so clear as it would seem 
from the argument of Professor Stokes. I believe, however, 
that good reasons may be given for rejecting the view that the 
difference between media of varying refrangibility is one of rigi- 
dity. The point is au important one, and I propose to recur to 
it later. 

The experiments of Professor Tyndall* with precipitated 
clouds exhibit more clearly than had been done by Bricke the 
relation between the size of the particles and the nature of the 
dispersed light. The observation that the polarization is complete 
perpendicular to the track of the incident light is im itself sufficient 
to disprove the theory of bubbles. As the particles increase in 
magnitude, the azure and polarization are gradually lost. During 
the transition a different and more complicated set of phenomena 
present themselves, which will furnish a test for the theory when 
it is extended so as to include the consideraticn of particles which 
are no longer very small in comparison with the waves of light. 

All who have written on this subject seem to have taken for 
granted that the foreign matter in the atmosphere is water or 
ice. Hven Tyndall, who expressly says that any particles, if 
small enough, will do, still believes in the presence of water-par- 
ticles. But this view is encumbered with considerable difficulty ; 
for even if, in virtue of its transparency to radiant heat, the air 
in the higher regions of our atmosphere is at a very low tempe- 
rature, it would still be capable of absorbing the very small 
quantity of water which is sufficient to explain the blue of the 

* Phil. Mag. vol. xxxvii. p. 385. Phil. Trans. 1870. 
Phil. Mag. 8. 4. Vol. 41. No. 273. April 1871. U 
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sky. At any rate it is difficult to imagine particles of water 
smaller than the wave-length endowed with any stability. These 
difficulties might perhaps be got over if there were any strong 
argument in favour of the water-particles ; but of the existence 
of such Iam not aware. Every one knows that a blue haze 
evidently akin to the azure of the sky obliterates the details and 
modifies the colour of a distant mountain; and this, when it 
occurs on a hot day, cannot possibly be attributed to aqueous 
particles. On the face of it, there is no reason for supposing 
that near the earth’s surface the foreign matter is of one kind 
and at a great altitude another. If it were at all probable that 
the particles are all of one kind, it seems to me that a strong 
case might be made out for common salt. Be this as it may, 
the optical phenomena can give us no clue. 

The apparatus by means of which the comparison was made 
between sky light and that of the sun diffused through white 
paper, was originally arranged for measurements of the absolute 
absorption of coloured fluids for the various rays of the spectrum, 
and had been applied rather extensively in experiments having 
that object. In the shutter of a darkened room were placed two 
slits in the same vertical line, each about three inches long, and 
a foot apart. At the other end of the room was an arrangement 
of prisms and lenses for producing a pure spectrum on a screen 
in the ordinary way. At first only one prism was used; but 1 
soon introduced another; and the number might probably be 
further increased with advantage. It is even more important to 
have a great dispersion in these experiments than in the ordimary 
spectroscope. ‘I'wo spectra would thus be thrown on the screen 
one over the other, but by means of a very obtuse-angled prism 
situated in front of the dispersion-prisms they are brought 
together so as exactly to overlap. The double spectrum thus 
formed passes through a horizontal slit in the screen placed so 
as to receive it. Close behind is an opaque card carrying a 
small vertical slit, which can be slid along so as to allow any 
desired part of the spectrum to pass through. At the beginning 
and end of a set of experiments the card is removed, and the 
principal fixed lines are observed through an eyepiece and re- 
ferred to a scale situated just over the horizontal aperture. 
When the experimenter looks through the eye-slit in the di-— 

rection of the lens, he sees the two parts of the obtuse prism 
illuminated with light, im each case homogeneous and, if the 
adjustments are properly made, belonging to the same part of the 
spectrum. By varying the breadths of the original slits, the two 
parts of the field may be made equally bright; and when the 
match is attained, the breadths are inversely proportional to the 
richness of the lights behind them in the homogeneous ray under 
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consideration. But if the object be to make a complete com- 
parison between two lights, it is often more convenient to leave 
the widths of the slits arbitrary, and then, by sliding the card, to 
seek that part of the spectrum which allows a match. It was in 
this way that the observations on the light of the sky were made. 
To give an idea of the degree of accuracy to which the compa- 
risons may be made, I may mention that in my experiments on 
absorption, the means of six observations were usually correct 
to about one in 50 or 60. In the less-luminous parts of the 
spectrum the error might be somewhat greater. 

The difficulty, however, of getting a satisfactory result with 
the blue of the sky does not lie in the inaccuracy of the measure- 
ments, but in the arbitrary character of the light with which it 
is compared. In order to test the theory in a strict manner, the 
second light ought to be similar in composition to that which 
lights up the sky. Now the sky is lit not only by the direct 
rays of the sun, but also by itself and by the bright surface of 
the earth. It is evident, therefore, that the requirements of the 
case are very imperfectly met by taking as the second light that 
of the sun as received by us, even if the translucent material 
through which we diffuse it effects no change in the quality. A 
nearer approximation to what we want would probably be found 
in the diffused light of a thoroughly cloudy day. But here we 
meet with an experimental difficulty; for the method described 
is only available to compare two lights both given at once. A 
suitable artificial light might no doubt be used as a middle term 
to be afterwards eliminated ; but a candle or alamp would hardly 
be available, on account of the yellowness of their light. On the 
other hand, the bluer radiation from burning magnesium would 
probably be inconvenient, and difficult to keep constant in quality 
from day to day. Iam, however, in hopes that, by a method 
founded on a different principle, I may be able to compare the 
blue of one day’s clear sky with the white light from the clouds 
on another. 

Terling Place, Witham; 
March 6, 1871. 

XXXVII. On Attraction caused by Vibrations of the Air. 
By Professor Cuatus, M.A., F.RS., FRA.S* 

a ee concluding from reasoning founded on hydrodyna- 
mical principles, in my work ‘On the Principles of Ma- 

thematics and Physics,’ that the vibrations of an elastic fluid, 
such as the air, are capable of causing a permanent motion of 

* Communicated by the Author. 
U2 
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translation of a small sphere by their action upon it, I add the 
remark (note at the bottom of p. 439), “It is desirable that this 
inference, which seems to be strictly deduced from admitted dy- 
namical principles, should be tested experimentally by means of 
the action of rapid vibrations of the air on a small sphere. 
Although the effect would in this instance be very small, modern 
experimental skill might succeed in detecting it.” It was 
therefore with no little interest that I read, in the Proceedings 
of the Royal Society (vol. xix. No. 123, p. 35), the article by Mr. 
Guthrie ‘On Approach caused by Vibration” *, The experi- 
ments, it is true, were not made with reference to a small sphere ; 
but they embrace a variety of substances, as a card, a tuning- 
fork; and a mass of water, and in each case the body was drawn 
toward the source of the vibrations. From the mathematical 
theory of this movement which I am about to propose, it will 
appear that a general explanation of it may be given without 
reference to the particular form and quality of the body moved. 

Let p be the pressure, p the density, and V the velocity, at 
any time ¢, at any point xyz of a mass of fluid characterized by 
the relation p=a’p between p and p; and let ds be the incre- 
ment, at that point, of a line s drawn at the time ¢ in the direc- 
tion of the motion of the particles through which it passes. 
Then we have the general equation 

Kade _ a ) 

posta. 4 dt 

SS being the complete differential coefficient of V with re- 

spect to time, and « a constant factor which, according to the 
hydrodynamical principles I maintain, has its origin in the laws 
of the fluid’s motion. If, however, this factor be ascribed to 
development of heat, the subsequent reasoning will be in no way 
affected. For the sake of brevity I shall substitute a! for «a. 
Accordingly we have 

ado dV AV 
——=——--V.—. .... . pds di ds (2) 

Since the fluid is supposed to be set in motion by vibratory 
action, as that of atuning-fork, no motion of translation is im- 
pressed upon it, so that at every point the motion is at all times 

dV (dV 
vibratory. Hence V, and, by consequence, We and 7% are 

periodic functions having as much positive as negative value. 
Again, since the motion is vibratory, udz+vdy + wdz is, as is 

known, an exact differential to terms of the first order. Putting . 

[* The complete paper, with a Plate, will be found in the November 
Number of this Magazine for 1870.—Ebs. | 
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(dp) for this differential, we have 

(dp) dx. dy dz 
mie ge Ogee ge 

Ww 
=U. va $0.5 +W.7 =V. 

_ Ue ag | 
a gear Ne 7 = dt. 

By integrating the equation (a), 

Hence 

dNiginks se if Nap.logp=— 7 ds — > +fB, 70, 

a, B, y being the coordinates of a given point on the line s. 
Now, if we suppose that the mass of fluid is of unlimited dimen- 
sions, and that at a certain position it is agitated by the vibra- 
tions of a small body, on tracing from the source of disturbance 
the course, at any given instant, of any line s coinciding through- 
out in direction with that of the motion, a position will be reached 
at which the motion is of insensible magnitude ; and this will be 
the case even if the course of s should be modified by incidence 
of the vibrations on a small solid obstacle. At every such posi- 

tion a =0, V=O, and the density is that of the fluid at rest. 

Calling this density a, we shall have 

a'* Nap. log a=/(a, B, y, ¢), 
and 

2 

a’? Nap. log & = -\Z ds — = 

Hence we obtain the exact equation 
1 

J eas iS 9a? 
G 

consequently, by expanding to terms of the second order, and 
putting c +o) for p, 

c= fire Ft an( fx): 
Now the only part of the pressure a'*o which can give rise to a 
motion of translation is expressed by the non-periodic terms of 
the right-hand side of this equation. Hence, omitting the term 
dV 
on — ds, which, as we have seen, is wholly periodic whether or 

not, it contains small quantities of the second order, and putting 
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in the last term for (¢ ds its first approximation = all non- 

periodic terms of the second order will be contained in the ex- 
pression 

ve 1 dg 
De ge dre 

The finding of such terms requires, therefore, a previous deter- 

mination of the values of V and a I proceed to do this in a 

simple instance. 
It will be supposed that the vibrations propagated in the fluid 

are functions of the distance from a fixed point, being continu- 
ously impressed at a given small distance from the point equally 
in all directions. Although these circumstances differ greatly. 
from those of the vibrations in Mr. Guthrie’s experiments, which 
were excited by a tuning-fork, the discussion of this case, which 
has been selected on account of the simplicity of the requisite 
analytical calculation, may serve to indicate how the “approach” 
was caused in the instances of those experiments, and generally 
how a motion of translation can result from the action of aérial 
vibrations. 

The distance from the fixed point being called r, the solution 
of the known equation applicable to this case, viz. 

d*.rd d*. rd 
dt? i dr” 

gives, on the supposition that the vibrations are propagated from 
the centre, 

ya raat te) efr—aite) 
’ r? 

_aflenadt+e db. 
oe r adt 

Giving now to the function f the form —m cos a (r—ad't+c), 

we have 

f'\r-—di+ec= pun 
eel, 

sin > (r—adi+e), 

27m . 2 wee pe re 
ee (r—alt+e)+ 73008 5 (r—wt+c), 

: ny 
and, by supposing = tan 0, 

_ 2am dh? Ne Qa F 
yang Mt, = sin(= (r—a't+c) )+0).. 
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Also 

A ba _ftrndtte i Be nee Gearon 

W espe : lags df’. 
ence the non-periodie part of — a + 57g ips 

1 { 42m? rr Aar?m? 

~ AL 2? Lo Agr?) 2? f? | 
2 

which is equal to — ne Since this is a negative quantity, the 

pressure of the fluid is least where the velocity is greatest, so far 
as it depends on the non-periodic terms. Consequently, sup- 
posing a disk to be submitted to the action of the vibrations, 
since the motion will be greater on the face which directly receives 
them than on the opposite face, the disk will be apparently 
attracted toward the source of the vibrations, as in the known 
experiment of Clement. It is plain that bodies of other forms 
will be attracted, if only the condition be fulfilled of the velocity 
being greater on the side turned toward the source of the vibra- 
tions than on the opposite side. 

Let it now be supposed that the vibrations are originally pro- 
duced at the distance } from the centre, and that at this distance 

I 
the velocity at any time ¢ is expressed by mw sin ul Hence, 

putting } for r in the value of V, we must have 

. 2ua't  2krm r? y QT , 
Ga hs, = wa 1+ 7p sin (= (bat +c) +0), 

To satisfy this equation independently of the time f, it is suffi- 
cient to determine the arbitrary quantities m and c by the equa- 
tions 

An*m? r? Qa a “rape ( eae <7 (b+0)+0=n. 

The second equaticn gives 

RE De Qab 
whereby c¢ is expressed in terms of known quantities; and from 
the other equation 

204 

Anh? 

ay 
Hence the sum of the non-periodic terms, which sum may be 
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considered to express the attractive action, is 

uo 
oe 27,2 ( ) 

From this formula it follows that the attraction is greater as the 
impressed velocity wis greater, and that it decreases rapidly with 
an increase of the distance r. These inferences agree with the 
results of the experiments. It appears also from the mathema- 
tical theory that ceteris paribus the attraction 1s greater as X is 
greater. In the description of the apparatus used in making the 
experiments the author states that the fork made 128 complete 
vibrations in a second; whence I infer that the value of X was 
84 feet. The distance 6 at which, as measured from a centre, 
the disturbance might be considered to be made, was very much 
less than this; so that the amount of attraction was little influ- 
enced by the value of A. 

In those experiments in which a fixed card or a fixed vibrating 
fork was placed near a moveable vibrating fork, the approach 
of the latter was still caused by the diminution of density in 
the intervening space due to the non-periodic part of the velo- 
city. The explanation of the motion in these instances is analo- 
gous to the theoretical account I have given of magnetic attrac- 
tion in the Philosophical Magazine for January 1861 (art. 7, 
p. 68), and in the ‘Principles of Mathematics and Physics’ 
(art. (4), p. 607). 

In concluding this communication I wish to call attention to 
the circumstance that I have employed above the integral of the 
equation 

WED apd of 

aN gis male? 

in a manner inconsistent with views I have repeatedly advocated 
in this Magazine, and more recently in pp. 251-254: of the above- 
cited work. I have argued, on grounds that admit of no dis- 
pute, that if the equation 

pot Cee) 
r 

a 

be true, there cannot be a solitary wave of condensation, for in 
that case the condensation must vary inversely as the square of r; 
or, if the solitary wave be possible, that equation cannot be true. 
None of my mathematical contemporaries, as far as I am aware, 
have recognized the necessity of deciding between these two 
views, although, till this be done, Hydrodynamics is hardly en- 
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titled to be called a science. For a long time I admitted the 
possibility of the propagation of a solitary wave, and consistently 
therewith maintained that the condensation varied inversely as 
the square of the distance. But I have recently become aware 
that that admission is contradicted by results of my hydrody- 
namical researches which, I have reason to say, are well esta- 
blished. The contradiction I refer to will be understood from 
the following explanation. 

A. general law of free vibratory motion parallel and transverse 
to an axis, and of uniform propagation of such motion in the 
direction of the axis, having been arrived at antecedently to the 
consideration of any cause of disturbance of the fluid, it seems 
necessary to conclude that motions produced by given arbitrary 
disturbances are actually composed of such spontaneous motions 
due exclusively to properties of the fluid. (I need not here 
refer more particularly to these views, further than to say that 
the arguments by which they are maintained were fully given in 
the pages of this Journal.) Now a solitary wave of condensa- 
tion or rarefaction cannot be composed in this manner, because 
the result of such composition must be both condensation and 
rarefaction. It seems, therefore, that on these principles, when 
a disturbance tends to produce condensation only, the conden- 
sation 1s resolved into a series of alternate condensations and 
rarefactions, arranged in a manner depending on the disturbance 
on each side of a maximum condensation, and diminishing by 
gradations in both directions from this, in such manner that the 
excess of condensation is equal to that impressed by the disturb- 
ance. A solitary wave of rarefaction would be similarly resolved. 
Also like resolutions would take place at an abrupt beginning, 
and at an abrupt ending, of a regular series of plane-waves. 
Similar considerations may be applied to account for resolutions 
into series of ¢ransverse vibrations caused by abrupt lateral dis- 
turbances. 

According to these views, the condensation in waves propa- 
gated from a centre, however they may have originated, will vary 
inversely as the distance. For, as I have elsewhere proved, 
and m fact may easily be shown, by reason of the part of the 

_ fr—ai+e) 
me Ieee velocity expressed by the term , the rate of dimi- 

nution of the condensation or rarefaction with distance from the 
centre will be continually changed from the law of the inverse 
square of the distance to that of the simple ifverse of the dis- , 
tance, provided there be alternate condensations and rarefactions. 
For in that case the above-mentioned velocity gives rise to a con- 
tinual flow from the rarefied into the condensed parts, and just in 
the proportion required for altering the law of diminution with 
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the distance from the inverse square to the simple inverse. I 
forbear going further into this subject at present, and shall only 
remark further that these views bear in an important manner 
on the explanation by theory of certain phenomena of light, and 
on other parts of theoretical physics. 

Cambridge, March 14, 1871. 

XXXVIII. On the Plane Representation of a Solid Figure. 

By Professor Cayitzey, F.R.S.* 

We. represent 7m plano the position of a pomt P whose co- 
ordinates in space are (z, y, z), by drawing these coordi- 

nates, on the same scale or on different scales, and in given 
directions from a fixed origin in the plane; OM=a2, MP!=y, 
P'P"=z. But observe that the point P” alone does not com- 
pletely represent the point P; in fact P" represents a whole 
series of points lying in a line; any one such point is the point 

Z 

whose coordinates are O m, mp', p' P". For the complete repre- 
sentation of P we require the two points P', P": these might be 
distinguished as the projection P", and the foot-point P’. The 
two points P’, P" are obviously such that the line joming them 
is In a given direction. | 

The preceding is, of course, the ordinary method of orthogonal 
projection, or geometrical delineation of a solid figure: it may 
be used under various forms ; for example, the coordinates 2, y, z 
may be taken on the same scale and in directions inclined to 
each other at angles of 120° (isometrical projection) ; or the 
coordinates #, y may be drawn on the same scale and at their 
actual inclination, 90°, to each other ; and the coordinate z on the 
same or an altered scale in any given direction; the points P! 
then give a true ground-plan of the solid figure, and the lengths 

* Communicated by the Author. 
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of the lines P’ P” give the altitudes of the several points P: this 
is also a method in ordinary use. : 

But it is to be observed that the points P’, P” are both of them 
Low 

projections, and that the general theory is as follows: we repre- 
sent the position of the point P by means of its projections P’, P", 
from two fixed points Q!, Q" respectively ; the line joining these 
points passes, it is clear, through a fixed point © which is the 
intersection of the plane of projection by the line which joins 
the two pots 0/, QO". 

Hence we say that a point P in space is represented zn plano 
by any two points P’, P” which are such that the line joming 
them passes through a fixed pomt ©]. And we have thus a 
system of constructive geometry which is the more simple on ac- 
count of the generality of its basis, and which is at once appli- 
cable to any of the special projections above referred to. I esta- 
blish the fundamental notions of such a geometry, and by way 
of illustration apply it to the solution of the well-known problem 
of finding the lines which meet four given lines in space. 

A point P (as already mentioned) is given by its projections 
P', P”, which are pots such that the line joining them passes 
through the fixed point Q. 

A line L is given by its projections L!, L", which are any two 
lines in the plane. We speak of the point (P’, P”), meaning 
_the point P whose projections are P’, P!; and similarly of the 
line (L', L"), meaning the line whose projections are L!, Li". 

If P', P" coincide, then the point P is in the plane of projec- 
tion; and so if L’, L” coincide, then the line L is in the plane 
of projection. | 

If through © we draw a line meeting L’, L" in the points 
P', P” respectively, these are the projections of a point P on the 
line L. In particular the intersection of L’, L (considered as 7 

| 
| 
| 
| 
: 
! 
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two coincident points) represents the intersection of the line L 
with the plane of projection. 

The line through the points (P’, P") and (Q”, Q"”) has for 
its projections the ines Q' and PP’? Q!, 

Two lines (L/, Li’) and (M', M”) intersect each other if only 
the intersections L! M! and LM" are the projections of a point 
P—that is, if the le through the pomts L’M!’ and LM" 
passes through ©. And then clearly P is the intersection of the 
two lines. 

A plane I is hoctensaty given by means of its trace © on 
the plane of projection, and of the projections (P!, P'’) of a point 
on the plane; or, say, by means of the trace ©, and of a pot P 
on the plane. 

Suppose, however, that a plane is given by means of a line L 
and a point P on the plane. The trace © passes through the - 
point of intersection of the lme L with the plane of projection— 
that is, through the point of intersection of the projections L’, L". 
To find another point on the trace, we have only to imagine on 
the line La point Q, and, joining this with P, to suppose the line 
P Q produced to meet the plane of projection. The construction 
is obvious; but by way of illustration I give it in full. Through 
©, draw a line meeting L’, L" in Q’, Q" respectively (then these 
are the projections of a point Qon the line L); the lines P’Q! 
aud PQ!" are the projections of the line P Q, and the intersec- 
tion of P’Q! and P” Q" is therefore the required point on the 
trace ©. 

The line of intersection of two planes passes through the point 
of intersection of their traces ©,, O,; whence, if the planes have 
in common a point P, the line of intersection is the line joining 
P with the intersection of the traces ©,, ©,. 

In what precedes we have the solution of the following pro- 
blem :—“ Given a point P, and two lines L,, L,, to find a line 
through P meeting the two lines L,, L,,.’ The required line is 
in fact the line of intersection of the planes (P, L,) and (2o ie 
we have seen how to construct the traces ©, and ©, of these 
planes respectively ; and the required line is ‘the line joining P 
with the intersection of ©, and ®,. 

I proceed now to the problem to find the two lines, each of 
them meeting four given lines, L,, L,, L,, L, (these being, of 
course, given by means of their projections 1, L") &e.). The 
question is in effect to find on the line L, a point P such that, 
drawing from it a line to meet L,, L,, and also a line to meet Le, 
i bps these shall be one and the same line. 
“Now, considering in the first instance P as an arbitrary point 

on the line L,, the. lme from P to meet L,, L, is any line what- 
ever meeting the lines Lele usay it isa generating line of 
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the hyperboloid whose directrices are L,, L,, L,, or of the hyper- 
boloid L,L,L,. Hence projecting from any point 2’ whatever, 
the generating lines and directrices are projected into tangents 
of one and the same conic. We know the projections L/,, L/,, Li, 
of the directrices; to find two other tangents of the conic, we 
take two arbitrary positions of P on the line L,, and construct 
as above the projections M’, N’ of the lines from these to meet 
the lines L,, L,. The conic is then given as the conic touching 
the five lines, L,, L,/, L’,, M’, N’: say thisisthe conic /. Simi- 
larly, instead of Q!, considering the point O”, we have the lines 
LL", L",, Li, and the lines M", N”, which are the other projec- 
tions of the lines through the two positions of P; and touching 
these five lines we have a conic =". Hach tangent T’ of >’, com- 
bined with the corresponding tangent T" of >", represents a line 
T meeting L,, L,, L,; to establish the correspondence, observe 
that, inasmuch as the line T meets L,, the intersections of T’, Li, 
and of T”, Li”, must lie in a line with 0; if T’ be given, the 
point TL’ is thus uniquely determined, and therefore also 'T" 
(since Li’, is a tangent of >"); and similarly if T” be given, T’ is 
uniquely determined ; the correspondence T’, T” is thus, as it 
should be, a (1, 1) correspondence. 

Considering in like manner the lines which meet L,, L,, L,, 

we have touching L',, L’,, L!,, M’, N’a conic 2/; and touching 
ee, bY Mi", N’ a conic >’; each :tangent T’ of >/, com- 
bined with the corresponding tangent T” of >", represents a line 
meeting L,, L,, L,, the correspondence being a (1, 1) corre- 
spondence such as in the former case. 

The conics >, >! both touch L',, L’,; hence they have in 
common two tangents. Say one of these is T’= T’, the corre- 
sponding tangents T” and T” will coincide with each other and 
be acommon tangent of =”, >! (these conics both touch L”,, L",, 
and have thus in common two tangents). We have thus T’=T’, 
and T’=T" as the projections of a line meeting L,, L,, L,, L,; 

and taking the other common tangents of >/, >! and of >", 5", 
we have the projections of the other line meeting L,, L,, L,, U,. 

‘The whole process is :—Construct M’, M” and N’, N", each of 
them the projections of a line through a point P of L,, which 
meets L,, L,; and M’, M” and N’, N", each of them the projec- 

3 7 z . 

tions of a line through a point P of L,, which meets L,, L,; we 
have then the conics 

ee omenme, i), 0.) bh, Wy NU and Wn) eM N! 
respectively, 

s, >! 3) i; hs 1a MW, N’, 3) Lis Ls ibys MM N" 

respectively ; 
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and then the projections of each of the required lines are T=", 
a common tangent of >/, =!, and T= T", the corresponding com- 

mon tangent of }", >". 
It is material to remark how the construction is simplified 

when there is given one of the lines, say, M, which meets L,, L,, 
L,, L, Here M is a common directrix of the two hyperboloids ; 
we may for the hyperbolas >’ and =" consider, instead of L,, L,, L, 
and two new generating lines, the lines L,, L,, L,, M, and a 
single new generating line N; and similarly for the hyperbolas 
>', >! the lines L,, L,, L,, M and a single new generating line N. 
>', >! have thus in common the three tangents L/,, L',, M’, and 
therefore only a single other common tangent, T’/= I’ ; and simi- 
larly =", =" have in common the three tangents L!,, L,, M", 
and therefore only a single other common tangent, T’= T’; and 
we have thus the other line cutting the four given lines. 

I take the opportunity of mentioning the following theorem : 
“If in a given triangle we inscribe a variable triangle of given 
form, the envelope of each side of the variable triangle is a conic 
touching the two sides (of the given triangle) which contain the 
extremities of the variable side in question.” 

We have thence a solution of the problem (Principia, Book I. 
Sect. V. Lemma XXVII.), in a given quadrilateral to inscribe a 
quadrangle of given form. The question in effect is in the tri- 
angle ABC to inscribe a triangle e 8 y of given form; and in 
the triangle AD E a triangle «! 6’ y! of given form such that the 

sides ay, a! y' may be coincident. The envelope of a y is a conic 
touching A D, A E, and the envelope of @! y! a conic also touch- 
ing AD, AE: there are thus two other common tangents, either 
of which may be taken for the position of the side ay=a!y ; 
and the problem thus admits of two solutions. 

- 
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XXXIX. On the Cause of the Interrupted Spectra of Gases. 
By G. Jounstone Stoney, M.A., F.R.S., &.* 

| the Philosophical Magazine for August 1868, there is a 
paper “‘ On the Internal Motions of Gases” +, by the author 

of the following communication, in which a comparison is insti- 
tuted between these motions and the phenomena of light, from 
which the conclusion is drawn that the lines in the spectra of 
gases are to be referred to periodic motions within the individual 
molecules, and not to the irregular journeys of the molecules 
amongst one another. 

Mr. Stoney thinks it possible now to advance another step in 
this inquiry, and has given to the Royal Irish Academy an ac- 
count, of which the following is an abstract, of the grounds upon 
which he founds this hope. 
A pendulous vibration, according to the meaning which has 

been given to that phrase by Helmholtz, is such a vibration as 
is executed by the simple cycloidal pendulum. It is, accord- 
ingly, one in which the relation between the displacement of each 
particle and the time is represented by the simple curve of sines, 
of which the equation is 

y=Co+C, sin (v+a), 

where y—C(, is the displacement of the particle from its central 
position; C, is the amplitude of the vibration; 2 stands for 

20 *, where ¢ is the time from a fixed epoch, and 7 the period of 

a complete double vibration; and & is a constant depending on 
the phase of the vibration at the instant which is taken as the 
epoch from which ¢ is measured. 

Now we may not assume that the waves impressed on the 
ether by one of the periodic motions within a molecule of a gas 
are of this simple character. We must expect them to be usually 
much more involved. And whatever may happen to be the in- 
tricacy of their form near to their origin, they will retain sub- 
stantially the same complex character so long as they advance 
through the open undispersing ether, in which waves of all 
lengths travel at the same rate. But it would seem that a very 
different state of things must arise when the undulation enters a 
dispersing medium, such as glass. 

_ Let us suppose that the undulation{ before it enters the glass 

* From the Proceedings of the Royal Irish Academy, read January 9, 
1871. Communicated by the Author. fe 

+ In reading that paper, the reader is requested to correct 16” into V 16 
at the end of paragraph 2. 
{ By the term undulation is to be understood a series of waves. 
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consists of plane waves. Then, whatever the form of these waves, 
the relation between the displacement of an element of the ether 
and the time may be represented by some curve repeated over 
and over again. ‘This curve may be either one continuous curve, 
or parts of several different curves joined on to one another. In 
the latter case (which includes the other) one of the sections of 
the curve may be represented by the equations 

Y= O(a) ttOMl =O tO ae 

and so on to 
y— be) from £2, 10 = oa, 

y being the displacement, and x being an abbreviation for 27 4 = 

where 7 is the complete periodic time of one wave. 
The undulation in vacuo will then be represented, according to 

Fourier’s well-known theorem, by the following series : 

y=Ap+A, cosx+A,cos2z+... i 
| (2) 

+B,sin 7+ By sin2¢+..., 

_ where the coefficients are obtained from equations (1) by the de- 
finite integrals 

21 

y cos nx, dex=TA,, 
0 

2ir 

: y sin nv; dv=7B,, j 
0 

Equation (2), the equation of the undulation before it enters 
the glass, may be put into the more convenient form 

y—Ay=C, sin (#@+e,) +Cysin (2a4+a5)+...,. (A) 

where y—A, is the displacement from the position of rest, and 
the new constants are related to those of equation (2) as follows: 

(3) 

CossV AZ BA. eo tan! B. 2) en 

The first term of expansion (4) represents a pendulous vibration 
of the full period 7; the remaining terms represent harmonics 
of this vibration ; 2. e. their periodic times are $7, 47, &c. All 
of these also are pendulous; so that equation (4) is equivalent to 
the statement that whatever be the form of the plane undulation 
before entering the glass, it may be regarded as formed by the 
superposition of a number of simple pendulous vibrations, one 
of which has the full periodic time 7, while the others are har- 
monics of this vibration. | 

y=,(z) from z=”, to v=2,, ae 
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Moreover these vibrations will coexist in a state of mechanical 
independence of one another, if the disturbance be not too violent 
for the legitimate employment of the principle of the superposi- 
tion of small motions. So long as the light traverses undisper- 
sing space these constituent vibrations will strictly accompany 
one another, since in open space waves of all periods travel at 
the same velocity. The general resulting undulation will there- 
fore here retain whatever complicated form it may have had at 
first. But when the undulation enters such a medium as glass, 
in which waves of different periods travel at different rates, the 
constituent vibrations are no longer able to keep together, each 
being forced to advance through the glass at a speed depending 
on its periodic time. ‘Thus there arises a physical resolution 
within the glass of series (4) into its constituent terms*. And 
if the glass be in the form of a prism, the pendulous undulations 
corresponding to the successive terms of series (4) will emerge 
in different directions, so that each will give rise to a separate 
line in the spectrum of the gas. 

_ We thus find that one periodic motion in the molecules of the 
incandescent gas may be the source of a whole series of lines in 
the spectrum of the gas. The nth of these lines is represented 
by the term | 

C,, sin (n@+a,,), 

in which C, is the amplitude of the vibration; and consequently 
Cz represents the brightness of the line. If some of the coeffi- 
cients of series (4) vanish, the corresponding lines are absent 
from the spectrum. This is analogous to the familiar case of the 
suppression of some of the harmonics in music, and appears to 
be what usually occurs in those spectra which are called by 
Pliicker spectra of the Second Order. 

* Other expansions similar to Fourier’s series can be conceived, in 
which the terms, instead of representing pendulous vibrations, would re- 
present vibrations of any other prescribed form; and hence a doubt may 
arise whether the physical resolution effected by the prism is into the 
terms of the simpler series. That: it is so may, perhaps, not be sus- 
ceptible of demonstration; but the following considerations seem to 
show it to be probable in so high a degree that it is the hypothesis which 
we ought provisionally to accept. For, first, the form of the emerging 
vibrations is independent of the material of the prism, since the lines cor- 
respond to the same wave-lengths as seenin all prisms; and, secondly, it is 
independent of the amplitude of the vibration within very wide limits, since 
the positions of the lines remain fixed through great ranges of temperature, 
and, im many cases, when the temperature falls so low that the lines. fade 
out through excessive faintness. The first consideration shows the series 
to be the same under varying circumstances; and the second consideration 
suggests, as in the theory of the superposition of small motions, that this 
series is a series of pendulous vibrations. 

Phil. Mag. 8. 4. Vol. 41. No, 273. April 1871. X 
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In spectra of this kind the lines which fall within the limits 
of the visible spectrum appear at first sight to be scattered at 
irregular intervals. This may arise, and probably does in most 
cases arise in part, from the circumstance that there may be 
several distinct motions in each molecule of the gas, each of 
which produces its own series of harmonics in the spectrum, 
which by their being presented together to the eye give the 
appearance of a confused maze of lines. But it appears also to 
arise in part from the absence of most of the harmonics, so that 
it is not easy to trace the relationship between the few that re- 
main. To do so without the assistance of spectra of the First 
Order, requires that we should have at our disposal determina- 
tions of the wave-lengths of the lines made with extraordinary 
accuracy; aud perhaps in a few cases, as, for example, in the 
case of hydrogen, the marvellous determinations which have been 

made by Angstrém may have the requisite precision. 
The ordinary spectrum of hydrogen consists of four lines, cor- 

responding to C in the solar spectrum, F, a line near G, and A. 
To these it is possible that we ought to add a conspicuous line 
in the solar prominences which lies near D, but which has not 
yet been found in the artificial spectrum of hydrogen. Of these 
lines, three, viz. C, F, and A, are to be referred to the same mo- 
tion in the molecules of the gas. 
> In fact the wave-lengths of these lines, as determined by. 
Angstrém™%, are: 

h =4101°2 tenth-metres. 
F =4860°74 i 
C= 6562°10 Ss 

_ These are their wave-lengths in air of standard pressure and 
14° temperature, determined with extraordinary precision, We 
must correct these for the dispersion of the air, soas to arrive at 
the wave-lengths in vacuo which are proportionate to the periodic 
times. Now, by interpolating between Ketteler’s observations > 
on the dispersion of air, we find 

[en = 1-000 29952, 

: Oey 000 29685, 
fc = 1:000 29383 

for the refractive indices of air of standard pressure and tempe- 
rature for the rays 2, F, and C. From these we deduce that if 
the air be at 14° of temperature, the refractive indices will become 

* ‘Angstrom’ s Recherches sur le Spectre Solaire, p. 31. A tenth-metre 
means a metre divided by 10/°; similarly a fourteenth-second is a second 
of time divided by 10”, 
+ Phil. Mag. 1866, vol. xxxu. p. 345, 
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4, =1:000 2845, 

r= 1-000 2820, 

Hc=1:000 2791. 

Multiplying the foregoing wave-lengths by these values, we find 
for the wave-lengths in vacuo, 

h =4102:37 tenth-metres, 

F =4862°11 - 

C= 656393 re 

which are the 32nd, 27th, and 20th harmonies of a fundamental 
vibration whose wave-length in vacuo is 

0°13127714 of a millimetre, 

as appears from the following Table :— 

Observed wave-lengths 
reduced to wave-lengths Calculated values. Differences. 

in vacuo. 

Xth-m etres. Xth-metres. Xth-metres. 
h =4102-37 ga X 181277°14 = 4102:41 +0:04 

F =4862:11 gy X181277:14 = 4862-12 +0-01 

C =6563:93 ag X 181277-14= 6563°86 —0:07 

Thus the outstanding differences are all fractions of an,eleventh- 
metre, an eleventh-metre being the limit within which Angstrom 
thinks that his measures may be depended on. 

The wave-length 0°13127714 of a millimetre corresponds to 
the periodic time 4°4 fourteenth-seconds, if we assume the velo- 
city of light to be 298,000,000 metres per second. 

Hence we may conclude, with a good deal of confidence, that 
44: XIVth-seconds is very nearly the periodic time of one of the 
motions within the molecules of hydrogen. 

The other harmonics of this fundamental motion in the mo- 
lecules of hydrogen, viz. the 19th, 21st, 22nd, &c. -harmonics, 
are not found in this spectrum of hydrogen. But two other. 
spectra of hydrogen are known to exist in which there are a 
great number of lines; and possibly the missing harmonies will 
be found amongst them when their positions shall have been 
sufficiently accurately mapped down. A far more moderate de- 
gree of accuracy will suffice in this case than was required by the. 
foregoing investigation. 
But it is from the examination of spectra of the First Order that 

the most copious results may be expected. These spectra con- 
sist of lines ruled close to one another, and presenting in the ag- 
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gregate the appearance of patterns which often resemble the 
flutings on apillar. When these spectra are more carefully ex- 
amined, it is probable that the whole series of lines occasioning 
one of the fluted patterns will be found to be the successive har- 
monies of a single motion in the molecules of the gas. It may 
readily be shown that such patterns as are met with im nature 
may in this way arise. For this purpose it is only necessary to 
make some suitable hypothesis as to the original undulation im- 
pressed by the gas upon the ether. Thus, if the law of this 
undulation were the same as that of the motion of a point near 
the end of a violin-string, and of a periodic time sufficiently 
long (as, for example, two million-millionths of a second), this 
undulation, when analyzed by the prism, would give a spectrum 
covered with lines ruled at intervals about the same as that be- 
tween the two D lines, and of intensities varying so as to become. 
gradually brighter and then gradually fainter several times in 
succession in passing from line to line along the spectrum. 
These alternations would give a fluted appearance to the spec- 
trum; and from appropriate hypotheses as to the original vibra- 
tion, all the patterns met with in nature would result. Possibly 
it may prove to be practicable to trace back from the appearances 
presented within the limits of the visible spectrum to the cha- 
racter of the original motion to which they are all to be referred. 
But, however this may be, it will be easy in a spectrum of this 
kind, in which we have a long series of consecutive harmonies, 
to determine at least the period of this motion; and it is in the 
examination of these spectra that the most easily obtained results 
may be expected. But the necessary observations are at present 
almost altogether wanting. The only case in which the author 
had been able to arrive at any result was that of the nitrogen 
spectrum of the First Order, observed by Pliicker. It would 
appear from his observations* that the more refrangible of the 
two fluted patterns observed by him is due to a motion in the 
gas having a wave-length of about 0°89376 of a millimetre, 
which corresponds to a periodic time of three. XIIth-seconds, 
one of the flutings consisting of the thirty-five harmonies from 
about the 1960th to the 1995th. 

This result, however, does not command the confidence which 
the preceding determination of one of the periodic times in hy- 
drogen does; but it will suffice to show the character of the 
much easier investigation which has to be made in the case of 
gases which produce spectra of the First Order. 

* Philsephical Transactions for 1865, p. 7, § 16. 
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XL. On the Relations of Magnetism and Static Electricity. By 
Cuares W.Vincent, Zemporary Assistant Librarian, Royal 

«Institution. 

ORCE, as we recognize it, is the conversion of power from 
, one of its phases or manifestations into another; and in 
the act and at the time of this conversion the original force is 
so far changed in direction, exhausted, and finally extinguished, 
the sum of the new force or forces being the measure of the 
quantity and intensity of the original force. A continued exer- 
tion of the same force implies its renewal from some other source. 

That a magnet, in the continued exertion of its force without 
apparent diminution (as, for instance, when suspended by its 
keeper it maintains itself through time against gravity, without 
such an apparent expenditure of power as s would account for the 
work done), nevertheless follows the same law is, I think, the ge- 
nerally accepted view of physicists; but the source whence it 
obtains its renewal of expended power is as yet a matter for ex- 
perimental investigation. 

To the writer’s mind the modes of magnetization suggest, to 
a certain extent, the direction in which such an investigation 
might be profitably pursued. The voltaic current, magneto- 
electric current, currents of static electricity, or simple vibration 
of a magnetic in a diamagnetic medium in a magnetic field, 
alike give rise to the magnetic force. 

Now in each of these cases magnetism is the resultant, not of 
the force acting primarily, but of that which it evokes; there is no 
magnetism in the magnetic meridian, but diamagnetic polarity. 
The static, magneto-electric, or voltaic currents do not transmit 
any of the force by which they exist per se, but expend them- 
selves in exciting a state of diamagnetic tension in the surround- 
ing media, which in its turn creates the magnetic current, the 
amount and intensity of which at the time must be the measure 
of the forces which excited it. Hach of the forces quoted, so far 
as its active power is concerned, is finite and dependent on the 
expenditure of some other force; but if steel be made the reci- 
pient of its inductive force, it is mechanically changed in its 
structure (as Joule’s experiment proves) by the manner in which 
it makes its molecules take up and arrange themselves in the 
peculiar mode of vibration, rotation, or both combined, which we 
call magnetic; and this state of excitation is indefinite in its 
continuance. ‘This is stating the case generally as it appears to 
the writer ; but if we particularize, the discrepancy will appear 
the greater: viz., a piece of steel is passed over another which is 
already in the magnetic state; and if this is done inductively, 

* Communicated by the Author. 
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the primary magnet loses nothing of its own power; therefore 
the only apparent force to which we can look for the production 
of the newborn magnetism is that exerted in moving the piece 
of steel through the lines of magnetic force of the parent mag- 
net. ‘To the writer it seems impossible to believe that the tem- 
porary exertion of muscular or other energy is thus converted 
into a force which is capable of indefinite multiplication by its 
own exertion through time. He feels that such a conclusion 
could not be accepted in the case of other phenomena. The force 
used to squeeze out the air from between two perfectly straight 
polished surfaces is not now accepted as the cause of their con- 
tinued adhesion, as the muscular exertion used to invert the 
barometer-tube is not the measure of the force which holds so 
many ounces or pounds of mercury apparently against the gra- 
vitating force. We know that the very force which appears 
to be militated against is the maintaiing power; and the 
analogy which to the mind of the writer is presented in some 
of the phenomena of magnetism leads him to expect that, when 
its sustainmg-power is fully understood, it will be found to be 
the same force as that which it exerts, and by which it is created, 
viz. diamagnetism. In putting forth these hypotheses, the writer 
does not so much intend to direct the minds of scientific supe- 
riors as to the definite end of a research into magnetic and dia- 
magnetic action as to give asort of explanation of the drift of the 
following experiments, which might otherwise not be understood 
from his point of view. | “ 

Diamagnetism is polar and dual. Static electricity gives the 
opportunity of splittmg this duality and separating the polarity, 
by the electrification of matter in the positive and negative states 
respectively. He trusts heis not too bold in making these asser- 
tions; but philosophers have so long been accustomed to take up 
the argument from the other end, that, although not dealing with 
this hypothesis in the present paper, he is compelled to risk 
agreement with the thoughts of others. © 

A magnet is a circuit of power, the lines of expression of force 
equal in amount within and without; those within have a re- 
lation in direction to those without, and in fact are continua- 
tions of them absolutely unchanged in their nature, so far as the 
experimental test can be applied to them. LEvery line of force, 
therefore, at whatever distance 1t may be taken from the mag- 
net, must be considered as a closed circuit, passing in some part 
of its course through the magnet, and having an equal amount 
of force in every part of its course*. If, then, we can cut off the 
lines of force exterior to the magnet, or any part of them, the 
total magnetic force exerted should be disturbed to the extent 

* Faraday, Experimental Researches, Series XXVIII. 3117. 
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of the interference. In other words, if magnetism be dependent 
on the diamagnetic polarity of the medium surrounding it, any 
alteration of, or interference with that polarity should hkewise be 
shown in a corresponding alteration of the magnetic force itself. 
A fine darning-needle magnetized to saturation, suspended 

equatorially by a filament of silk or a fine hair so that it was free 
to swing horizontally, was the test-needle used in the following 
experiments. The suspended needle being come to rest, when 
either the north or south pole was approached by an electrified 
glass tube, it was attracted by it, and could be made to follow 
the tube round and round; or if the tube were laid down at 
such a convenient distance as prevented actual contact, but in 
the same direction as the magnetic meridian, the needle then set 
itself perpendicular to the electrified tube, gradually returning 
to its normal position as the tube’s electricity became dissipated 
through the air or otherwise. 

A stick of sealing-wax or other negative dielectric gave the 
like result; or by approaching both cautiously at the same time, 
the needle was maintained without alteration of position. 

The needle was then itself electrified by contact ; and whether 
positive or negative electricity were employed, its behaviour was 
apparently identical with that of a piece of copper wire suspended 
by a torsion-thread under similar circumstances, being repelled 
by hike, and attracted by unlike or neutral electrics—returning, 
however, to the magnetic meridian as the electricity became 
dispersed. 
A horseshoe-magnet with a lifting-power of about three pounds, 

and which had not been remagnetized for some years, so that its 
magnetic force might be reckoned as constant, was placed on a 
level with the suspended test-needle, and at just such a distance 
that actual contact could not take place betwixt the opposing 
poles. Of course the needle immediately took up its position 
with its north pole opposite the south, and the south opposite 
the north pole of the magnet, the sharp suddenness of its vibra- 
tions in coming to rest testifyig to the inductive power mutu- 
ally exerted. A body electrically excited being then presented 
to it, attraction was immediately manifested; the needle could 
be drawn bodily away from the magnetic field; or if the sepa- 
rate ends were acted on, the north or south pole could be drawn 
completely round till it was opposite the pole of the magnet of 
the same name ; or if the needle was itself positively electrified, 
then repulsion was manifested for positively, and attraction for 
negatively electrified bodies ; and the opposite behaviour if elec- 
trified negatively. 

Similar results were likewise obtained when very small quan- 
tities of static electricity. were employed; a piece of sealing-wax 
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half an inch in length sufficed to give an amount of electricity 
energetic enough to modify materially the forces exerted by the 
magnets in their mutual relations, though not sufficient to ab- 
solutely neutralize for the time their respective polarity. , 

The experiment was then reversed: an electrified glass tube 
was presented to the north end of the test-needle in such a man- 
ner that it was drawn across the magnetic meridian ; and whilst 
so held a small bar-magnet, held horizontally and parallel to the 
tube, was gradually brought near. Under these circumstances 
the needle, when the bar-magnet was close enough, could be 
brought to a state of equilibrium between the two, attracted and 
repelled by neither, but quite easily affected by an electrified 
body, another magnet, or a piece of soft iron being approached 
toit. Thesame state of equilibrium was obtained by presenting 
to either pole of the needie the pole of the magnet of the same 
name—in the one case placing it in juxtaposition with the tube, 
in the other opposite to it. 

When the test-needle is electrified either positively or nega- 
tively, it is attracted by neutral conductors; but if conductors 
round about it be at something like equal distances, its direction 
is then assimilated to the magnetic north and south. 

The magnetic needle, in an apparently neutral state between 
the opposing magnet and electrified body, was examined and 
found to have the opposite static electricity to that acting induc- 
tively on it; so that it would appear capable of holding the two 
forces at the same time. . 
_ The foregoing experiments appear to the writer to demonstrate 
that : 

If the one or the other or both poles of a magnet are subject 
to the inductive influence of another magnet, the effect of bring- 
ing static electricity into the magnetic field, whether it be in the 
positive or negative state of separation, is to weaken their mutual 
inductive power. 

A piece of soft iron wire suspended by the middle behaved in 
the magnetic field as if it were a magnet when acted on by the 
opposing forces, the mutual reaction being very clearly seen 
when the magnetic or electric force was in preponderance or 
closer approximation ; and if the two were made to unite in di- 
rection, the iron was capable of being drawn to either the elec- 
trifier or the magnet from a greater distance than it could have 
by either per se. A strongly electrified glass tube placed at 
right angles to the poles of the horseshoe-magnet before men- 
tioned, whilst the soft iron was suspended in front, charged the 
end of the iron nearest to itself with positive, the further end 
with negative electricity ; and the electric attraction for a neutral 
mass, added to the magnetic attraction, enabled the magnet to 
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attract it at a greater distance than it previously did. The wire 
was pointed. i 

_ The writer next insulated the horseshoe-magnet, and endea- 
voured to make evident a reduction of magnetic attractive power 
when it was itself charged with electricity. 

Pieces of soft iron wire one and a half inch in length were 
attached by attraction successively to one pole till the point at 
which the magnet ceased to attract was nearly reached. | Elec- 
tricity was then passed into the magnet; and during the charging 
process the last piece of wire in the magnetic chain first vibrated 
strongly, and finally fell off. When two pieces of iron wire were 
hung side by side at the end of the chain, their divergence wasv 
great whilst the magnet was receiving electricity ; and if the at- 
tracting forcewas feeble, one or the other of the pieces dropped off. 

Another mode in which the experiment was performed was by 
elongating either pole with a piece of soft iron two inches long 
and held by magnetic attraction, to the end of this, again, pieces 
of soft iron wire about one inch in length, and then partially 
closing the magnetic circuit by a stout nail laid across the limbs 
of the magnet: by moving the latter nearer to or further from 
the poles the force holding the wires at the end of the elongated 
pole could be brought within limits that enabled the feeble elec- 
tricity employed to contend with it. Under these circumstances, 
whenever the magnet was charged with electricity, one or more 
wires immediately fell off. 

After repeating the experiment a few times with the same 
wires, the same ends being attached to the same pole each time, 
it was found that they had become to a slight extent magnetic, 
the magnetism according in polarity with the law of magnetiza- 
tion by contact; so that the electricity had to overcome an ad- 
ditional attraction, which it probably itself assisted to create, in 
addition to that previously existing. A powerful electrical ma- 
chine would probably enable an experimenter to demonstrate 
these effects more fully. 

He then placed the magnet on the upper side of a glass plate, 
the lower side of which, except for about two inches round the 
edges, was coated with tinfoil, and had a good earth connexion, 
and, throwing some fine iron-filings on the poles, charged the 
system. Whilst doing this a number of filings were thrown off 
from the poles and dispersed, the filaments of adhering particles 
first rapidly vibrating and oscillating, each filament exercising a 
greater degree of repulsion on its neighbour than it previously 
did, and finally jumping off in small masses, which instantly dis- 
sipated as soon as they got beyond the scope of the magnet’s 
greatest intensity. On making contact between the tinfoil and 
magnet, the filaments returned to their original degree of diver- 



302 Notices respecting New Books. 

gence. On again charging the magnet another portion of filings 
was thrown off ; and the writer in this way succeeded in collecting 
in front of the magnet about one-twentieth part of the filings 
employed, after which he was unable further to separate them 
than by increasing the divergence of the iron filaments on the 
magnetic poles each time the arrangement was charged. 

The filmgs were removed, and the test-needle brought over 
the magnet so that the point was drawn downwards to an 
angle of 60° in its endeavour to attain contact with the opposing 
pole, but was not allowed quite to reach it. The magnet was 
then charged as before; and at once the needle began to with- 
draw itself, the point becoming charged with positive, the head 
with negative electricity ; a conductor was presented to it; it 
discharged itself and returned towards the magnet, and could 
have been kept in this state of oscillation indefinitely. When 
the magnet was discharged, the needle at once flew back to its 
former position ; left to itself, the point by degrees discharged 
itself into the air and returned to the magnet. 

Two needles just touching the poles of the magnet, in the 
arrangement above described, could not be repelled; but when 
the magnet was charged, their free ends took a much greater 
degree of divergence than they previously had. 

Albemarle Street. 
[To be continued. | 

XLI. Notices respecting New Books. 

Introduction to the Study of Inorganic Chemistry. By Wittiam 
Auten Mixurr, M.D., D.C.L., LL.D., &c. London: Longmans. 

. 8vo. Pp. xi and 288. . 
A Cyclopedia of Quantitative Chemical Analysis. By Franx H. 

STorER, 4.M., Professor of General and Analytical Chemisiry in 
the Massachusetis Institute of Technology.—Part I. Boston and 
Cambridge (U.S.): Sever. London: Spon. Large 8vo. Pp. iv, 
112 and 8. 7 

Handbook of the Metals. By Tuomas Aten Buytu, M.A., Ph.D., 
FLE.LS., F.G.S.E., University of Gottingen. London: Longmans. 
small 8vo. Pp. 1 and 128. 

HE Messrs. Longmans are issuing a series of elementary works 
on various branches of mechanical and physical science. These 

are intended for general use in schools, and for the self-instruction 
of working men; to both of which purposes their uniformly low 
price and moderate amount of matter are decidedly appropriate. The 
late Dr. Miller, having undertaken the authorship of a chemical text- 
book for this series, had completed his task and was engaged in read- 
ing the proof-sheets, when he was seized with an illness which un- 
happily proved fatal. His friend Mr. C.'Tomlinson, F.R.S., to whom 
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the book had already owed certain changes in style and arrangement, 
undertook to see it through the press, and has discharged his trust 
with the very great care and pains which distinguish his contribu- 
tions to scientific literature. 

Self-instruction in any subject is generally unsystematic in its 
course and vague in its results; few have recourse to it, unless to 
find that they have lost time and made habitual mistakes in the 
absence of ateacher. Yet, if we were asked to name the most satis- 
factory chemical handbook for a self-instructing student, the one 
now before us would naturally occur to our mind. It is so simple 
and straightforward. These were characteristics of the author him- 
self; and they would have rendered it easy to recognize the work as 
his, even had no name been prefixed to its pages. 

Dr. Miller’s book is divided into seventeen chapters. The first 
relates to preliminary matters, such as the Scope and Aim of Che- 
mistry, Chemical Notation, Mixture and Combination. The next 
nine chapters relate to the Non-Metals ; the remainder to the Metals. 
Short explanations of theoretical points are scattered throughout the 
book; and very clear directions are given for the performance of a 
large number of experiments, which for the most part only require 
very little outlay for their execution. The metric system, the cen- 
tigrade scale of temperature, and the Berzelian nomenclature are 
adopted throughout. Dr. Miller’s text-book is altogether one of the 
most useful elementary manuals we have met with for a long time. 

Professor Storer’s ‘Cyclopzedia’ has been compiled with the view 
of making quantitative chemical methods more accessible in their 
literary aspect than heretofore. Hence he prefers an alphabetical 
arrangement. Moreover, after he has named any substance that is 
intended to undergo determination, he prominently specifies the 
‘¢ principle”’ upon which the estimation is based, the ‘‘ applications ” 
of the principle, and then the ‘‘ methods” of the estimation itself, 
Thus, under ANTIMONY we find “‘ Principle I. Sparing solubility 
of the metal in chlorhydric acid. Applications. Estimation of anti- 
mony in antimony-salts. Separation of antimony from tin. Me- 
thod A. Precipitate the antimony by means of metallic zinc from a 
dilute nitric solution. Methods B, C, D, &c.” In this manner it is 
easy for a working chemist to select at once, without the trouble of 
reading many paragraphs (as in other analytical treatises), the me- 
thod ,that suits his particular problem for the time being. The 
various processes described in this first Part of the Cyclopeedia are 
given with very considerable care, great directness of description, 
and copiousness of detail. We regret, however, the intentional ab- 
sence of figures from Professor Storer’s work, and hope he will re- 
consider his decision upon this point. Without some pictorial aid it 
is impossible to describe satisfactorily such apparatus as a combus- 
tion-furnace, or to do justice to even a few of the more valuable 
modes of determining carbonic acid; and the narrative—graphic as it 
undoubtedly is—becomes lifeless without the picture. 

Dr. Blyth’s ‘ Handbook of the Metals,’ as it is termed on the cover, 
becomes ‘‘ Metallography as a Separate Science ” on the title-page. 
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It is dedioubea to the President, Council, and Fellows of the Edin- 
burgh Geological Society, and is intended for the use of schools and 
science-classes. ‘‘ This treatise, consisting.of a reprint of the author’s 
contributions to various magazines, is issued merely as an elemen- 
tary work on the science.’’ Our own perusal of the book has led us 
to a different conclusion. It is really issued in order ‘to enlarge 
our ideas of the wisdom and power of the Divine Being, and, conse- 
quently, to exalt the mind.’ ‘The manner in which this twofeld 
object is sought to be effected is as follows :—A small allowance of 
metallic chemistry is put prominently forward, bald, inaccurate, 
incomplete, and utterly destitute of the slightest logical sequence. 
Throughout the dreary desert of description, oases of poetry are cun- 
ningly planted, so as to lead the reader to the refreshing springs of 
natural theology, apparently of his own accord. Here, however, he 
will find thicket after thicket of Scripture texts somewhat incon- 
eruously flourishing; and may not improbably interpret them as 
evidence of design, though not very honest design. Recurring to the 
poetry, he will remember that it consists of a few solemn pieces from 
really great masters, and many pieces that are mere rubbish (some 
of the latter are significantly anonymous); Eulalia Gurson rhymes 
eloquently about the action of potassium upon ice, but unhappily has 
no respect for the laws of accent. And he will probably agree with 
us that our ideas are not to be enlarged after such a fashion, nor our 
minds exalted. “2 
We have seldom seen so much titular distinction united to so re- 

prehensible a performance. 

Text-Bvoks of Science. The Elements of Algebra and Trigonometry. 
By W.N. Grirrin, B.D., some time Fellow of St. John’s College, 
Cambridge. Longmans and Co. 1871. Pp. 312. 

This book consists of three parts. The first contains the usual 
course of algebra up to and including quadratic equations; the 
second contains a rather full account of the properties and uses of 
the logarithms of numbers; the third contains the solution of plane 
triangles, the ordinary questions of heights and distances, a few 
questions of mensuration, with just so much of the theory of trigo- 
nometry as is necessary as a foundation for these applications. It 
follows, of course, that the treatment of the subject of trigonometry 
is far from complete; e.g. the whole subject of the relations between 
the goniometrical functions of angles is omitted. On the other 
hand, within the prescribed limits, the subjects are treated very fully ; 
and while the explanations and expositions are amply sufficient for 
the learner, they are not excessive. The book contains a very large 
number of well-chosen examples; this, in such a book, is a capital 
point; and there is no doubt that the student who works conscien- 
tiously through the book will obtain a thorough knowledge of the 
subjects which it professes to teach. 
We should like to know what is Mr. Griffin’s authority for the 

following statement :—“‘ In France and other parts of the continent 
it is usual to measure angles by adecimal division. A right angle 
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being made, as with us, the starting-point, the hundredth part of it 
is called a grade &c.” (p. 218). We are, of course, aware that what 
is called the French division of the circle is given in most English 
text-books, but had always thought it appeared in them mainly on 
grounds of conservatism, or because examiners sometimes ask for an 
account of it. The history of the matter is thus stated (and, we 
believe, correctly) by the late Dean Peacock :—*‘‘ The French, simul- 
taneously with the establishment of their syst@me métrique décimale, 
proposed to divide the quadrant into 100 degrees, the centesimal 
degree into 100 minutes, and the centesimal minute into 100 seconds, 
and soon; and this division was adopted in the Mécanique Céleste of 
Laplace and other contemporary scientific works. The change, how- 
ever, from the nonagesimal to the centesimal degree was attended 
with no advantage sufficient to compensate for the great sacrifice of 
tables and records which its adoption rendered necessary, and its 
use was speedily abandoned, even in France” (Treatise on Algebra, 
vol. ii. p. 146, note).. 

Algebr aical Exercises and Problems ; with Elliptical Solutions. By 
Hueu McCoxtt. Pp. 100. Longmans and Co. 1870. 

- 'This may be fairly called a remarkable book: in the well-worked 
field of elementary algebra the author has hit on some things which 
(so far as our knowledge goes) arenew. The value of the novelties is, 
to be sure, a different question. In the first place the “elliptical 
solution” is a novelty. We shall best give a notion of what is meant 
by an elliptical solution by producing a specimen. The question is 
this:—‘‘ A plays at chess with B, winning 3 games out of 4; and 
afterwards with C, winning 2 games out of 3; at. the end of 21 
games he has won 15. How many did he play with each?” (p. 34). 
And this is the elliptical solution :—‘‘ He played 2 games, suppose, 
with B, out of which he won....games; and he played.... 
games with C, outof which he won.... games. And since weare 
told that he wonaltogether .... games, we have the equation 

fers which we get r=12” (p. 69). The elliptical solutions give 
just the kind of information which a teacher commonly gives vivd 
voce to the learner who has not yet acquired the art of expressing 
questions in an algebraical form, and there can be no doubt as to 
their value. 

The second novelty is this :—A considerable number of examples 

are set in a form such as the following. ‘If 1— — 

a2 

(1+ 2)? 
¥ ] 

. . 

«+ — ounces cost at the same rate?” (p. 27). This is, of course, 
a 

2 
L , ounces cost re 

shillings, what is the price per ounce? What would 

equivalent to the exercise commonly written thus :—Simplify 

Go) Girccao 9 tee) 
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We very much question whether in practical teaching the new form 
has any advantage over the old. In an appendix Mr. McColl pro- 
poses a uniform method of resolving algebraical expressions into 
factors which can frequently be employed with advantage. On the 
whole this isa book from which any one engaged in teaching algebra 
may get useful hints, though we do not suppose it will displace any 
of the many excellent elementary works on Algebra at present in 
common use. 

XLII. Proceedings of Learned Societies. 

ROYAL SOCIETY. 

[Continued from p. 241.j 

Dec. 22, 1870.—General Sir Edward Sabine, K.C.B., President, j in: 
the Chair. 

HE following communications were read :—.-_ 
“On the Extension of the Coal-fields beneath the Newer For- 

mations of England ; and the Succession of Physical Changes whereby 
the Coal-measures have been reduced to their present dimensions.” 
By Edward Hull, M.A., F.R.S., F.G.S., Director of the Geological 
Survey of Ireland. 

_ In this paper the author, embodying with his own the observa- 
tions of previous writers on the physical geology of Great Britain, 
especially those of Murchison, Godwin-Austen, Ramsay, Phillips, 
and the late Professor Jukes, showed that the Coal-measures were 
originally distributed over large tracts of England, to the north and 
to the south of a central ridge or barrier of Old Silurian and Cambrian 
‘rocks, which stretched across the country from North Wales and 
Shropshire into the Eastern Counties, skirting the southern margin 
of the South Staffordshire Coal-field. This barrier, or ridge, was a 
land-surface till the close of the Carboniferous period. 

To the north of the central barrier, the highlands of Wales, the 
mountains of the Lake-district, and probably small tracts of the south- 
ern uplands of Scotland formed land-surfaces skirting portions of 
the Carboniferous area, while the Carboniferous tract to the south of 
the central barrier was probably bounded by a land-surface trending 
along the southern coast of England. The distribution of the Coal-. 
measures at the close of the Carboniferous period was illustrated by 
a Map, No. 1. 

It was then shown that the whole Carboniferous area was sub- 
jected to disturbances through the agency of lateral forces, whereby 
the strata were thrown into folds along axes ranging (approximately) 
in east and west directions; and as denudation accompanied and 
followed these disturbances, and acted chiefly over the arches (or an- 
ticlinals), large tracts were divested of Upper Carboniferous strata, 
and thus the first phase in the marking out of the limits of our pre- 
sent coal-fields was brought about. The effects of these movements 
and denudations were illustrated by Map No. 2. 

The disturbances which ensued after the deposition of the Permian 
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strata, and which produced the discordances of stratification between: 
the newer Paleozoic and Mesozoic formations, were shown to have 
acted along lines ranging approximately north and south, parallel to 
the axis of the Pennine Chain, and consequently in a direction trans- 
verse to those of the previous period. These disturbances were also 
accompanied by the denudation of strata from the anticlinal arches, 
and the consequent disseverance of the Coal-measure tracts over 
certain definite areas. The results of these movements (the second 
phase in defining the bounds of the coal-fields) were illustrated 
by Map No. 3. 

From a consideration of the foregoing observations, the author 
came to the conclusion that the tendency of the British coal-fields to 
arrange themselves into the form of “‘basins’”’ (sometimes partially 
concealed by newer strata), a tendency strongly insisted on by Prof. 
Ramsay, was due to the intersection of the two systems of flex- 
ures above described, one anterior to the Permian period, the other 
anterior to the Triassic period, and that the actual disseverance of the 
coal-fields into basins was due to denudation acting with greatest 
effect along the anticlinal arches of these flexures. 

The inference that the Yorkshire and Durham coal-fields are 
really basins rising to the eastward under the Mesozoic strata was 
drawn, an inference supported by the easterly rise of the Coal- 
measures along the sea-coast from the Coquet to the Tyne. 

Guided by these principles, the author maintained that we are 
now in a position to determine with great accuracy the actual limits 
of the Coal-measures under the Mesozoic formations over the area to 
the north of the central barrier ridge (as indicated on Map No. 3), 
and that to the south of the ridge the application of the same prin- 
ciples would assist towards the solution of the question, though in. 
a less degree, owing to the fewer opportunities for observation of the 
Palzeozoic formations. 

The author, however, concurred in the views advanced by Sir 
R. I. Murchison*, that, in consequence of the great amount of denu- 
dation which the Carboniferous rocks had undergone over the area 
of the south of England previous to the deposition of the Mesozoic 
formations, little coal was to be expected to remain under the Creta- 
ceous rocks. 

“On the Constitution of the Solid Crust of the Earth.” By the 
Ven. John Henry Pratt, Archdeacon of Calcutta, M.A., F.R.S. 

In this paper the author applies the data furnished by the pen- 
dulum-observations recently made in India to test the truth of the 
following hypothesis regarding the Constitution of the Earth’s Crust, 
which he propounded in 1864, viz.:—that the variety we see in the 
elevation and depression of the earth’s surface in mountains and plains 
and ocean-beds has arisen from the mass having contracted unequally 

* In his Address at the Meeting of the British Association at Nottingham, 
1866. On the other hand, the views of Mr. R. Godwin-Austen, which tend 
rather in an opposite direction, should be well weighed by all who are inter- 
ested in this question. (Quart, Journ. Geol. Soe. vol. xii.) 



308 Royal Society :— 

in becoming solid from a fluid state; and that below the sea-level, 
under mountains and plains, there is a deficiency of matter approxi- 
mately equal in amount to the mass above the sea-level ; and that 
below ocean-beds there is an excess of matter approximately equal 
to the deficiency in the ocean when compared with rock ; so that the 
amount of matter in any vertical column drawn from the surface to 
a level surface helow the crust is now, and ever has been, approxi- 
mately the same in every part of the earth. 

In order to make this hypothesis the subject of calculation, the 
author takes the case of the attenuation of matter in the crust below 
mountains and plains, and the excess of matter below ocean-beds, to 
be uniform to a depth m times the height above the sea-level or the 
depth of the ocean, as the case may be. . 

The results are shown in the following Table, in which the num- 
bers are the last figures in the ratio of the differences of gravity to 
gravity itself, carried to seven places of decimals. The decimal point 
and ciphers are omitted for convenience. 

Differences of gravity. 

Residual errors after correction by the 
Stations. Relative method of 

effects of local 
attraction 

deduced from This hypothesis. 
pend ulum-| Dy, Young. 

observatio ns, 

m=50. m=109. 

_| Indian-are stations. 
PUUMNOG «id ne nanndecdall hs Sek sie pS) ease te Cl ace cee an 
MSAUISALOLE 9... clocwn cd +384 — 562 — 78 —557 
Damargida ............ —323 — 926 —455 — 584 
Me rap ute. 2 se scacte\ +341 —208 +338 +315 
alia na sadecs« aucmmiap —707 —957 + 69 +320 

Coast stations. 
LAP UMN OE! ja cmeccesecastadian | casas NO Paar OMe Se ie 
VATED Dy, sta isk oe cana +302 | +314 +331 +360 
Mangalore ............. —166 —154 —122 |. — 79 
Madras!) 1s,. l.titecee. —197 —192 —138 — 78 
Cocanada .............., —--142 +153 +216 +291 

ENS Greg hn ‘ . 

Ocean station. at 
Minicoy Island ...... +894 +906 + 31 +102 

The author points out from this Table that Dr. Young’s, or tne 
usual method of correction for local attraction, so far from improving 
matters, introduces very large residual errors of the arc and ocean 
stations, and, at places on the are of meridian, all lying on the same — 
side with reference to Punnoe. He observes that neither the usual 
method nor his own much affects the coast stations; and attributes 
this to the want of more complete knowledge of the contour of the 
surface, both above and below the sea-level, in these parts. But his 
own method, in the case m=50, remarkably reduces the effects of 
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local attraction at stations on the are of meridian and out at sea (in 
Minicoy, an island 250 miles west of Cape Comorin or Punnoe) ; for 
the sensible negative quantity at Damargida and positive quantity at 
Kalianpur indicate a deficiency of matter below the first and an 
excess below the second, which exactly tally with the results inde- 
pendently brought out by relative deflections of the plumb-line as 
obtained by the survey : and the two large and most important effects, 
negative at Kaliana and positive at Minicoy, may be said to be almost 
annihilated by this method of correction. This last case of an excess 
of gravity out at sea (where the surrounding ocean has a deficiency 
of matter) being explained by his method he regards as a very strong 
argument in its favour. And he finishes by saying that if his me- 
thod is thus far successful in the particular supposition of the dis- 
tribution below, whether in excess or defect, being uniform, which 
is most likely not strictly the case, there is every reason for con- 
cluding that pendulum-observations give support to the hypothesis 
regarding the Constitution of the Earth’s Crust, when viewed ona 
large scale, admitting of local peculiarities, like the deficiency of 
matter near Damargida and the excess near Kalianpur, and the 
similar deficiency near Moscow. 

January 12, 1871.—General Sir Edward Sabie, K.C.B., President, 
in the Chair. 

The following communications were read :— 
**On Fluoride of Silver.’—Part Il. By George Gore, F.R.S. 
This paper contains an exhaustive account of the behaviour of 

argentic fluoride in vessels of platinum, carbon, and various fluo- 
rides in contact with chlorine, bromine, and iodine at various tempe- 
ratures. When argentic fluoride is completely decomposed by chlo- 
rine in platinum vessels at a red heat, the reaction agrees with the 
following equation : 

4AgF+4C]1+Pt=4AcCl, Pt. 
Vessels of cryolite and of fluor-spar were found incapable of re- 

taining argentic fluoride in a melted state. Other vessels were also 
made by melting and casting various mixtures of earthy fluorides at a 
high temperature ; and although forming beautiful products, pro- 
bably capable of technical uses, they were not capable of retaining 
silver fluoride in a state of fusion. Numerous vessels were also made 
of seventeen different fluorides by moulding them in the state of clay 
and baking them at suitable temperatures; these also were found 
incapable of holding melted fluoride of silver. Argentic fluoride was 
only superficially decomposed by chlorine at 60° Fahr. during thirty- 
eight days. When heated to 230° Fahr. during fifteen days in a 
latinum vessel in chlorine, it was very little decomposed. Chloride 

of silver heated to fusion in a platinum vessel in chlorine corroded 
the vessel and formed a platinum-salt, as when fluoride of silver was 
employed. 

An aqueous solution of argentic fluoride agitated with chlorine 
evolved heat and set free oxygen, in accordance with the following 

Phil. Mag. 8. 4. Vol. 41, No. 273. April 1871. Y 
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equation :— 

SAgF+8C1+4H, O=5 AgCl+ 3AgCl0 +8HF+0, 

or 

7AgCl+AgCl10,+8HF+0. 

Dry hydrochloric acid gas completely decomposed argentic fluoride 
in a melted state, but only acted upon it superficially at 60° Fahr. 
A saturated aqueous solution of argentic fluoride was not precipitated 
by chloric acid. 

Perfectly anhydrous fluoride of silver was only superficially decom- 
posed by contact with bromine in a platinum vessel during thirty-six 
days at 60° Fahr., or during two days at 200° Fahr. At a low red 
heat in vessels of platinum, argentic fluoride was completely decom- 
posed by a current of bromine vapour, a portion of its fluorme being 
expelled and a portion corroding the platinum and forming an inso- 
luble compound of fluoride of platinum and bromide of silver. In 
carbon boats at the same temperature the whole of the silver-salt was 
converted into bromide, the boat being corroded and the fluorine 
escaping in chemical union with the carbon. The action of bromine 
on an aqueous solution of argentic fluoride was similar to the action 
of chlorine. A solution of argentic fiuoride yielded copious precipi- 
tates both with hydrobromic and bromic acids. 

Under the influence of a temperature of 200° to 600° Fahr. in 
closed platinum vessels, iodine very slowly and incompletely decom- 
poses argentic fluoride without corroding the vessels, and produces a 
feeble compound of argentic iodide, fluorine, and iodine, from which 
the two latter substances are expelled at ared heat. Ata red heat 
in platinum vessels, iodine produces argentic iodide, and in the pre- 
sence of free“argentic fluoride corrodes the vessels in consequence of 
formation of platinic fluoride ; iodine and fluorine pass away together 
during the reaction. In vessels of carbon at the same temperature 
argentic iodide is formed, the vessels are corroded, and a gaseous 
compound of fluorine and carbon is produced. [By treating an 
aqueous. solution of argentic fluoride with iodine, similar results are 
produced as with bromine and chlorine; a similar solution yields 
copious precipitates both with hydriodic and iodic acids. 
A mode of analysis of iodine is also fully described in the paper. 

A known weight of iodine was dissolved in absolute alcchol, a strong 
solution of argentic nitrate of known strength added to it, in portions 
at a time, with stirring until the colour of iodine exactly disappeared. 
The mixture was evaporated, the free nitric acid expelled by careful 
heat, and the residue weighed. The residue was then heated to 
fusion, to convert the iodate of silver into iodide, and again weighed. 
Two experiments of this kind yielded accurate results; and the process 
was easy and expeditious. 

** Polarization of Metallic Surfaces in Aqueous Solutions, a new 
Method of obtaining Electricity from Mechanical Force, and certain 
relations between Electrostatic Induction and the -Decomposition of 
Water.” By Cromwell Fleetwood Varley. ; 

- Platinum plates immersed in sulphuric acid and water, as in a de- 
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composition-cell, require a potential of about 1:7 Daniell’s cell to 
decompose the water; with potentials of less amount the platinum 
plates can be charged and discharged like condensers. They have 
enormous electrostatic capacity. Mercurial surfaces equally admit 
of polarization with hydrogen. A- surface of mercury in dilute sul- 
phuric acid, when made negative to the water by means of a powerful 
battery, flattens out. Ifthe mercury be replaced by an amalgam of 
proper consistency, the flattening out is increased ; the reversal of the 
current restores the amalgam to its original dimensions. By rever- 
pins the process, electric currents can be obtained from mechanical 
orce. 
A large vessel on a board has within it two shallow funnels, which 

are connected by means of glass tubes with similar vessels outside of 
the large one. Pure mercury is poured into the funnels until they 
and the outside vessels are one-third filled. By tilting the board, 
mercury runs into the one funnel and out of the other, and thus 
the surface in the one is made to increase while that in the other. 
decreases. Dilute sulphuric acid is poured into the larger vessel so 
as to cover the two funnels; the latter are connected together 
through a galvanometer. 

If the mercury is pure and free from polarization, the tilting of 
the board produces no electric current. On polarizing one of the 
surfaces with hydrogen by a battery, it gives rise to a current through 
the galvanometer, and thus shares the polarization over the two sur- 
faces. If the battery be removed, on augmenting the one surface and 
diminishing the other, a current of electricity is seen to pass through 
the galvanometer. 

A conyenient method of showing this experiment on a large scale 
is to procure a gutta-percha trough 4 inches deep and 4 by 2 inches 
broad. A partition of the same material 2 inches high divides the 
lower half into two separate chambers: these are partly filled with 
mereury; amalgamated platinum plates, hung from a balance-lever, 
dip into the mercury. On depressing one set of plates the others 
are elevated, and thus the mercurial surface exposed to the fluid is 
alternately augmented and diminished to a large amount. Twelve 
of these arranged in series give a current of rather more potential 
than one cell of Daniell’s battery when the mercury is polarized with 
hydrogen. The addition of a minute fragment of zinc to the mer- 
cury maintains the polarization for a very long time, and the power 
is considerably increased thereby. When a large surface of mercury 
(25 circular inches) has been polarized with a power of half a Da- 
niell’s cell and is rapidly reduced to the diameter of =4, inch by 
letting the mercury flow out of the funnel, some bubbles of hydrogen 
gas appear just as the last of the mercury is running out, the decrease 
of surface evidently augmenting the potential sufficiently to decom- 
pose the water: floating a small piece of platinum on the mercury 
renders this phenomenon much more distinct. 

All attempts to polarize the mercury with oxygen have failed to 
give acurrent. By depolarizing ee mercury with a battery until no 
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current is generated by varying the dimensions of the exposed mercury 
surface, a metallic surface neutral to the fluid is obtained. 

The second part of the paper refers to the electrostatic capacity of 
platinum plates in dilute acid and water. i, 

In order to determine this point, it is necessary to use sensitive, 
rapidly oscillating, reflecting galvanometers of very small resistance. 
The author has succeeded in measuring the charge which a square 
inch of platinum exposed to another square inch of platinum surface 
receives from potentials varying from 0:02 of a Daniell’s cell up to 
1°6 Daniell’s cell. From a potential of 0:02 to 0-08 the capacity 
remains sensibly constant; that is, the discharge from the plates 
varies directly as the potential. When the potential increases beyond 
0:08, the charge which the plates receive increases in a greater ratio, 
the capacity being 3°3 (in one experiment) and 3:1 (in another 
experiment) times as great with a potential of 1°6 as it was with the 
potential of 0-1. ae 

There is great difficulty attending accurate determination of the 
latter amounts ; but the author expects that this increase of capacity 
will be found to vary as the square root of the potential. The 
capacity of the platinum plates with varying powers is shown im the 
accompanying Tables. P 

The author thinks these experiments tend to show that the fluid 
does not actually touch the platinum plate, but is separated from it 
by a film; which film, if a pure gas, must be less than the See 

part of an inch, when very small potentials are used. This distance 
decreases as the potential rises. Inasmuch as two surfaces equally 
electrified with the opposite electricities attract each other with a 
power varying inversely as the square of the distance, the experiment 
would seem to indicate that at very small distances the platinum 
repels the water with a power varying inversely as the cube of the 
distance. 

The phenomena of electrification render accurate determinations 
of the capacity extremely difficult. The fact of the phenomena of 
electrification being present leads the author to think that the se- 
parating film (if such a film exists) is not a pure gas, but has five or 
more times as much electrostatic capacity as pure gas. 
A useful inference drawn from the above experiments is the im- 

possibility of working through any considerable length of uninsulated 
wire in the ocean. 

The French Atlantic cable from Brest to St. Pierre works, upon 
the average, ten words per minute; the author calculates that a 
solid conductor of the same weight per mile as that used between the 
above stations must be reduced to alength of less than 1100 yards in 
order that the rate of signalling through it shall be not slower than 
through 2500 miles of the same conductor insulated ; and the bare 
wires can only be practically worked on circuits not exceeding a mile. 
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TABLE J, 
Two platinum bulbs about 0°75 inch in diameter in dilute sulphuric 

acid. ) 
Owing to the large resistance (1000 Ohms) used in R and FR, the 

actual potential is uncertain in this experiment, because the conduc- 
tion across the fluid reduces it. 

1, 2, 3. Ae 5. . 7s 
Mean 

Potential, divided by 
in terms | Duration Swing of reflecting Current Mean potential | Approxi- 
of acell |of electrifi- galvanometer by the after |minusthe| and 100 |mate capae 

of cation, in discharge of the bulbs magnet |remaining| to give city, in 
Daniell’s | seconds. on raising the key. came to | current. | relative micro- 
battery. rest. capacity farads. 

for various 
potentials. 

0-02 10 pT ore on on 1 3 4 348 
’ 20 3 23 25 23 ” 

0-04. 10 He Ag. 4a! 44 é 4 1 " 

‘1 10 114 114 113 1 ‘An 4 | i 12" ii ; } 10: | 1-05 365 
016 10 He OLE AS le nc ‘ pe ae 4s \ 163 | 1-09 379 
02 10 O44 - 94 9 13 

i 20 24 94 4 ie 992 | 1-12 390 
$ co) 4 A 4 ; 

0-4 10 50 58 68 22 
55 20 Jo) D7) 658 24 554 1:39 484. 
‘ 30 58 58 BT ; 

0-6 10 | 105 1052 104 % 
of 20 | 105 104 105 ‘ 1042 | 1-74 606 
ia 30 | 104 105 103 . 

038 10 164 163 162 162 3 
é 20 | 162 162 161 2 159 1-99 693 
br » 30 162 162 161 . 
LG 10 230 235 230 230 5 
A 90 | 232 231 230 231 i 226 2-26 786 
iy 30 231 231 =" 

*1-2 30 318 320 314 14 303 2:53 880 
¥1-4 30 440 446 451 23 426 3:04 1057 
*1°6 30 about 603 30, 41, 52} 562 35 1218 

* Last three readings doubtful, the current remaining after the discharge being con- 
siderable. The true readings would be greater than those indicated. 

Condenser of 311 microfarads. 

0-02 ah 2, Ma ae oe ee iz | 1038 311 
0:04 Ba hes Haine Rind aoe 3 5 i 
0:06 ANA ye eae 4a Mi ‘ 
0:08 aaa akg © apelin ecagnke ented 6 : i 
0:10 EM ep The Gh oa ant 73 4 
02 TAA 4 IR corteler pean 4: | 1 a 
0-4 POO sre 2B any Aw ise 29 i i 
06 Ae AA a ae ly 3% thoi a 
08 Roe as ee te 58 3 3 
10 Pee TGy gay CPCS 73 F a 
16 Ge UTG UG: “4/9 FIs. 116 ¥ y 
2-0 Tae Tension yuh wena. 143 ‘ fi 
The condenser of 311 microfarads capacity consisted of 24,300 square feet of metal 

surface insulated by thin paper and paraflin wax. 
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TABLE IT. 

Two platinum plates in acid and water, each exposing 1 square 
inch surface. . The resistance of R+R’=100 Ohms in this Table; 
by experiment the potential of the two cells was found to be reduced 
8 per cent., and was therefore very nearly 200 lbs. instead of two 
-Daniell’s cells. 

Approxi- . Current Ratio of : 

sist |cleceidn.| Ttow of image by diachage | remaining | vem] copagty | Value 
an vols, tion. dis ae ge. current. : oe farads. 

seconds. 
0:2 10 19; 7 204-19 1 
7 BO: sl sO: 10 x \ 18 bt ie 
0-4 10 45 46 46 3 : : fy ilvaneutaas : } 4g | ae 210 
08 10 ES 170° .1705) Las li 159 Pe Aa 385 
1:0 10 230 228 . 226 18 210 2:33 408 

#12 10 310 308 311 22 288 2°67 467 
x14 10 373 3880 382 30 350 rat hh 484 
¥1°6 10 460 460 467 475 33 428 3°10 542 

Condenser of 311 microfarads. 

0:2 hy 32 32 32 0 32 t all 
0-4. ee 63 64 634 99 634 ” ” 

0°8 ; ty er | = 127 ” F 
10 159 159 5 159 e 43 
1-2 188 187 189 rs 188 is a 
1-4 220 220 221 hi 220 Ks at. 
16 252 254 252 254 43 253 3 is 
18 ete 284 283 284 iy 284 5 4 
2:0. oe 316 317 317 - 317 »6 : 

* These readings are uncertain, it being conjectural how much current remained 
after the image had swung out and back, its momentum lasting longer than with 
smaller deflections ; the true readings would therefore be greater than those observed. 

Jan. 19.—General Sir Edward Sabine, K.C.B., President, in the 
Chair. 

The following communications were read :— 
‘Method of Measuring the Resistance of a Conductor or of a 

Battery, or of a Telegraph-line influenced by unknown Earth-cur- 
rents, from a single Deflection of a Galvanometer of unknown Re- 
sistance.’ By Henry Mance, Superintendent Mekran Coast and 
Persian Gulf Telegraph Department, Kurrachee. 

The resistance of each part of a circuit, such as that shown in 
fig. 1, being known, the influence exercised by the shunt A B, as 
well as the total resistance of the whole between x and y, can be © 
easily ascertained by simple and well-known formule. 

But let a leakage 7, which we will suppose gives perfect earth, be 
applied at some point in the shunt AB, the deflection previously 
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produced on G by a current arising in L will probably be consider- 
ably changed. I say probably, because, by sliding the leakage 7 along 

Fier 

the whole length of the shunt, we shall at last find a point Z at which 
the needle will return to its original deflection ; the position of Z 
being ascertained, any resistance, varying from infinity to ‘dead 
earth,’ may be applied without causing any change in the deflection 
of the needle. 

It is evident that, although the total resistance of the circuit be- 
tween w and y has been lessened by the insertion of the leakage, a 
proportionately larger amount of current is diverted from the galva- 
nometer by that part of the shunt between L and the leakage at Z. 

Presuming the electromotive EK in L to remain constant, and 
taking 7=0, we have the intensity of the current passing through 
G represented by the equation 

Grane 
but after 7 is connected, the equation becomes 

E 

RB RB ; 
pa e tA 

be (G+ipp) 4 es Ris’ 
RB A 

ot Gaia ie 
As the condition that the galvanometer-deflection remains unchanged, 
the first of these equations must be equal to the second, from which 
we obtain the formula 

A L=R.5, 

the resistance G being immaterial. It will therefore be seen that R 
always bears the same proportion to L that B does to A, the latter 
branches bearing some analogy to the proportion-coils of a Wheat- 
stone testing-bridge. 

Under certain circumstances a test might be taken without. any 
battery at all. In asubmerged cable there is frequently sufficient 
earth-current to supply the electromotive force in the branch L; if 
not, a small battery can be inserted to maintain a steady current, and 
the internal resistance of the cells afterwards deducted. The polari- 
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zation-current from a leakage of low resistance in a cable would 
enable us to find the resistance from either side through the fault 
without the application of a battery. And, lastly, this method may 
be used to ascertain the internal resistance of a battery. 

The above method occurred to me about two years since, during 
some experiments made to determine the resistance of the bridge- 
circuit, and the exact proportion of current traversing each branch 
of the Wheatstone balance, when the potentials at W and Z are 
unequal. 

Fig. 2. 

If I equals the intensity of the current at # or y, and 2,, 2, 2%, %4 ¢; 
the intensities in the sections G, R, A, 7, B, then 

G.(B+R+r)+BR | ,_1 
A (BERL) CBr ee ee ad yo 

A.(B+R+r)+Br eu 
G.(B+R+r)+BR Reig oe: “ise, (ui leche cele ene (2) 

R.(ALBLG)+BG ,j_ 1. a 
r.(A+B+G)+AB i, ee ee 

PCT BE ENE BA yet 
R. (A+B+G)+BG +1l= i, Lives aim Sehiok SOulah SOR eee (4) 

B.(R4r)+B+R+r).(A+G) _1 
Gr—AR is i, Ceoaceace e@ecve ( ) 

Or if the current in the branch B passes from W to Z, 
AR—Gr 

should be substituted for the denominator of the last equation. 
Equations (1), (2), (3), and (4) give the shunt-coefficient of the 

respective branches A, G, 7, R; thus, ifG were a galvanometer, the 
strength of the deflection recorded multiplied by equation (1) would 
give the value of intensity I. , 

If, then, we consider G a galvanometer and the resistance r a 
leakage applied at Z,*we have a similar diagram to that given in 
fig. 1; and the first of the five equations given above will enable us 
to determine the shunt-coefticient for the part A which lies between 
L and the leakage at Z. 
Now this, together with the plan of testing described in the first 

paragraph, suggests an easy method for ascertaining by calculation 
the combined resistance of any system of derived circuits connected 
in the form of the Wheatstone’s parallelogram ; thus, if I wish to 
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know the resistance offered to the passage of a current between # 
and y in fig. 3, I can find it in the following manner. 

Fig. 3. 
7 

200 ZOO 
go RB 

eee A 
Zz 50a fo 

First assume the existence at 2 of a sixth branch bearing (in resist- 
ance) the same proportion to R that A does to B; that is to say, the 
supposititious branch 

as Tea = 

Now disconnect » from the point Z, and we have again a diagram 

similar to that in fig. 1; and as we have provided that “= 2 
the connexion or disconnexion of r at the point Z will make no dif- 
ference whatever in the quantity of current passing from L into the 
branch G. I may therefore assume that, although the total resist- 
ance of the circuit between q and y has been decreased, the branch 
A has at the same time been able to divert a proportionately greater 
amount of current from the side G, in which the intensity remains 
unaltered. 

If, then, 
R, equals the resistance between g and y when the branch r is 

disconnected, 
S, the shunt-coefficient of AB, which formsa shunt in the absence 

of 7, 
R, the resistance between g and y after 7 is connected at Z, 
S, the shunt-coefficient for the part A, ascertained by equation (1), 

we have 
R, x = — i x S.5 

RS 
Bor Tare ae 

and R, minus the supposititious branch (“5) will give the required 

combined resistance of the circuit between wz and y. 
Let R, be the combined resistance. Commencing with the equation 

RA , G.(A+B) } A+B+G 
| B “CG TaEBy aE “KYB _ RA _p. 

G.(B+R+r)+BR B ; 
A.(B+R+4r)+Br 

we obtain 

R.(A+B+G) ‘ 

“4 Sara Wicd WE. 
°G. (B+R+r)+BR, 7 BS 

A.(B+R+7r)+Br 
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If the potential at Z equalled that at W, the formula 

R (G+). (A+R) 
: G+R+A+4r 

would of course be sufficient. 

‘‘ Measurement of the Internal Resistance of a Multiple Battery 
by adjusting the Galvanometer to Zero.” By Henry Mance. 

The following method of taking the internal resistance of a battery 
will be found to give excellent results when several cells are to be 

tested. } 
~ Take one element from the rest of the cells, and arrange the circuit 

as in the annexed figure.. Connect the poles of the battery under 

observation by a shunt S, and adjust the resistance of the latter till 

zero is obtained on the galvanometer. 

Let E be the number of cells tested, alli, : 

e number of cells opposed, + wr s ie 
S = resistance of shunt, 

R= internal resistance of E. 

Then 

S 

RasE _s, 
é 

In practice I usually returned the detached cell to the battery 
when Sx E gave the internal resistance of the whole within a frac- 
tion of a unit. 

It is assumed that the electromotive force in e equals that of the 

whole battery multiplied by ai the chance of error on account of 

this not being exactly the case would be lessened by detaching a 
larger number of cells than one, when the internal resistance of the 
remaining portion would be given by the first formula. 

GEOLOGICAL SOCIETY, 

[Continued from p. 155.) 

Nov. 9, 1870,—Joseph Prestwich, Esq., F.R.S8., President, 
in the Chair. 

The following communications were read :— 
1. “ On the Carboniferous Flora of Bear Island (lat. 74° 30’ N.). 

By Professor Oswald Heer, F.M.G.S. 
The author described the sequence of the strata supposed to 

belong to the Carboniferous and Devonian series in Bear Island, and 
indicated that the plant-bearing beds occurred immediately below 
those which, from their fossil contents, were to be referred to the 
Mountain-limestone. He enumerated eighteen species of plants, 
and stated that these indicated a close approximation of the flora to 
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those of Tallowbridge and Kiltorkan in Ireland, the greywacke of 
the Vosges and the southern Black Forest, and the Verneuilii- shales 
of Aix and St. John’s, New Brunswick. These concordant floras he 
considered to mark a peculiar set of beds, which he proposed to 
denominate the “ Ursa-stage.” The author remarked that the flora 
of Bear Island has nothing to do with any Devonian flora, and that 
consequently it and the other floras, which he regards as contempo- 
ranheous, must be referred to the Lower Carboniferous. Hence he 
argued that the line of separation between the Carboniferous and 
Devonian formations must be drawn below the yellow sandstones. 
The presence of fishes of Old-Red-Sandstone type in the overlying 
slates he regarded as furnishing no argument to invalidate this con- 
clusion. The sandstones of Parry Island and Melville Island are 
also regarded by the author as belonging to the ‘“ Ursa-stage,” 
which, by these additions, presents us with a flora of seventy-seven . 
species of plants. The author remarked upon the singularity of 
plants of the same species having lived in regions so widely separated 
as to give them a range of 262° of latitude, and indicated the rela- 
tions of such a luxuriant and abundant vegetation in high northern 
latitudes to necessary changes in climate ‘and in the distribution of 
land and water. 

2. “On the Evidence afforded by the Detrital beds without and 
within the North-eastern part of the Valley of the Weald as to the 
mode and date of the Denudation of that Valley.” By S/ V. Wood, 
Jun., Esq., F.G.8. 

The author commenced by discussing the various hypotheses that 
have been proposed to explain the denudation of the Weald Valley. 
In his opinion the upheaval of the district took place in Postglacial 
times, and subsequently to the deposition of the gravels of the 
Thames Valley, of East Essex, and of the Canterbury heights; and 
the denudation was effected chiefly by tidal erosion during gra- 
dual upheaval in an inlet of the sea, aided by the action of fresh 
water flowing into this inlet from the north by streams draining 
the land which now constitutes the counties of Middlesex and 
Essex. The chief evidence in favour of his views is as follows :— 
1. The absence from the glacial beds of Essex of any débris repre- 
senting a considerable denudation of the Weald during the glacial 
period, and the probability that the Wealden area was beneath the 
sea during the deposition of the Boulder Clay. 2. The comparative 
absence of Lower Cretaceous or Hastings-sand materials from the 
Postglacial gravel-sheets outside the north of the Weald. 3. The 
impossibility of reconciling the presence of Tertiary pebbles in cer- 
tain Weald-gravels with an origin by means of streams flowing in 
the direction of the present rivers. 4. The antagonism between the 
character of the major valley of the Weald and that of any excava- 
tion producible by the agency of rivers. 5. The persistence of the 
oid coast contour with the river-drainage entering it from the north. 
6. The existence of a cause, in the shape of an isthmus at Dover, 
sufficient to induce a strong tidal scour. 
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November 23, 1870.—Joseph Prestwich, Esq., F.R.S8., President, 
in the Chair. 

1. “On some points of South-African Geology.”—Part I. By 
G. W. Stow, Esq. 

In this paper, which was illustrated by numerous sketches, sec- 
tions, tables, and specimens, observations were made on the stratifi- 
cation of the Jurassic beds of Sunday’s and Zwartkop’s rivers, re- 
sulting from researches made by Mr. Stow, with the view of deter- 
mining the exact position of the several species of fossils found at 
the exposures on the cliffs of these rivers, and from this the se- 
quence of the various beds. He indicated the existence of at least 
nine separate fossiliferous bands, pointing out the relative positions 
of the several Trigonia-beds, Hamite-beds, Ammonite-beds, &c. 

He next treated of the so-called Saliferous beds of the district, 
and gives his reasons for regarding them as later in age than the 
Trigonia-sandstones above alluded to, and therefore not equivalent 
to that part of the series named “‘ Wood-beds” by Dr. Atherstone. 

Other researches of the author related to the Tertiary beds both 
inland and on the coast. He distinguished three zones on the coast 
later in date than the high-level shell limestones (Pliocene?) of the 
Grass Ridge and other parts of the interior. One of the coast- 
zones he named the Akera-bed, from the prevalence of a delicate 
species of that genus. Another zone was described as following the 
river-valleys in the form of raised terraces, characterized by the 
presence of a large Panopwa. The latest shell-banks have been 
thought to be Kitchen-middens; but the author regarded them as 
shore-deposits in place. The author concluded by tracing the pro- 
bable climatal and geographical changes in this region during geo- 
logical times, and indicated, as far as his material allows, the pro- 
bable migrations of the Mollusca, especially of the Venericardia 
characterizing the Pliocene Limestone. 

2.“ Note on some Reptilian Fossils from Gozo.” By J. W. 
Hulke, Esq., F.R.S., F.G.8. 

The author described the remains of two reptiles said to have 
been brought from Gozo by the late Captain Strickland. One of 
them was a fragment of the symphysial part of the slender mandible 
of an Ichthyosaurus, having teeth-of precisely the same character as 
those of the form from the Kimmeridge Clay described by the 
author under the name of Hnthekiodon. For this species the name 
of Ichthyosaurus gaudensis was proposed. The other was the skull 
of a species of Crocodile, for which the author proposed the name 
C. gaudensis. 

3. “ On the discovery of a ‘Bone-bed’ in the lowest of the 
‘Lynton Grey Beds,’ North Devon.” By F. Royston Fairbank, M.D. 

In this paper the author called attention to the occurrence of a 
thin bed of rock to the west of the harbour of Lynmouth, containing 
an immense number of fragments of bone, some of them of large 
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size, and associated with massive bodies which he regards as copro- 
lites. The author proposed to call this the “ Lynton Bone-bed; ” 
and he thought that its discovery might throw some light on the 
relative age of the whole series of rocks of North Devon. 

XLII. Intelligence and Miscellaneous Articles. 

ON THE CURVE OF A RIVER'S BED. BY SAMUEL SHARPE, ESQ. 

To the Editors of the Philosophical Magazine and Journal. 

GENTLEMEN, 
Y friend Mr. Alfred Tylor, F.G.S., having by careful mea- 

surement found that the beds of many rivers approach 
more or less to the parabola, I was led to inquire whether under 
any, and what, assumed conditions that curve would be the line 
formed by water falling from a hard rock and flowing over a bed of 
alluvial soil. 

In this case V, the velocity of the water on the bed of the river, 
and R, the resistance of a grain of sand, vary at every different part 
of the curve. But the conditions of the proposition require that the 
difficulty with which a grain of sand is moved should be everywhere 
the same when the river’s bed has been cut into the form which it 
afterwards keeps; that is, 

Laan a fixed quantity. 

Let C be the point from which 
the curve starts, being the harder ¢ o¢ 
soil, which the water does not 
wear away, and A Ba portion of 

the curve =V. 

Let y be the ordinate, 

x be the abscissa. 
_ 
J 

Then AB is the diagonal of a 
parallelogram of which dz and dy are the two sides. 

The ease with which a grain is moved forward will be as = and 
ie 

its resistance R=) = in which 0 is a fixed quantity. Then 

ae. Vdy _ eT ae 
R= becomes Ria =a, and V=ab a 

Then let the velocity of water falling down a perpendicular at B be 
taken as =cy*, in which cisa fixed quantity ; V its lessened velocity 

along the surface of the curve becomes =cy?%, supposing the water 
@ 

to reach B with the same velocity as if it had travelled along an in- 
clined plane from C to B. 
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Then by uniting the two values of V, we have 
ax ans y ab ade fj ae and — eday dy. 

Pt een : 
Then by integrating, eels and extracting the root, 

at ab oa 9 
Qi Anes aA 
(5 y 

the well-known equation of a parabola.—Q. E. I. aoe 
7 SAMUEL SHARPE, 

32 Highbury Place, * 
March 20, 1871. 

A NEW EXPERIMENT, AND SOME REMARKS ON THE THEORY. OF 

LEIDENFROST’S PHENOMENON. BY E. BUDDE. 

‘‘Leidenfrost’s drop is suspended when the vapour below it can 
support the pressure of the atmosphere plus the weight of the drop, 
If the former be removed, a far smaller tension must be sufficient to 
produce the phenomenon.” ‘This conclusion incited me to make the 
experiment of producing, by means of the air-pump, a Leidenfrost’s 
drop with water upon a support at less than 100° C. With this view 
the following apparatus was constructed. Upon a copper dish (a) 
a glass bell-jar (g) about 8 
centims. in diameter was ce- 
mented. Through a cork at 
the top of the bell-jar passed 
two glass tubes (/ and m); 
the end of one of these (/), 
bent at right angles, just pro- 
jected below the cork, while 
the other end was connected 
with the air-pump by means 
of an india-rubber tube. One 
end of the second tube (m) 
reached inside the bell-jar to 
near the dish (a); the other 
end, outside the cork, was bent 
somewhat in the shape of the 
letter N and was sealed. This 
bent part, which may be called 
N, was filled with water, of 
which it held about one third of a gramme. 

The dish was placed in a water-bath, which kept it at a tempera- 
ture of 80° to 100°. Suppose now the apparatus evacuated. By 
adequate exhaustion the water in N will liberate bubbles of air and 
vapour, which will partially collect in the upper closed part,and cause 
the water to flow down through the other end of the tube, This 
will fall either quite bozling, or very nearly so, on the dish, which is 
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heated considerably above its temporary boiling-point ; the conditions 
are therefore favourable to the occurrence of a Leidenfrost’s drop. 

The experiment was made, and succeeded with the greatest ease. 
When the evacuation extended to a pressure of less than 10 centims., 
and the water-bath was raised to 90° C. or more, spheroids were 
obtained which moved briskly about. I was not concerned to as- 
certain what was the magnitude of the greatest spheroids which 
could thus be obtained; approximately the lowest temperature at 
which the drops maintained themselves was 88° C., while the mano- 
meter oscillated about 2 or 3 centims. Of course the tension 
increases when the evaporation commences upon the hot dish, and 
must again be diminished by pumping, which can scarcely be effected 
without the mercury oscillating. Sudden and violent formation of 
vapour, which might have endangered the manometer, has not oc- 
curred in my experiments, of which, to be sure, there were only three, 
and the quantities of water but small. 

In repeating the experiment, it will always be advisable to keep 
the dish so far horizontal that the drop in its movement cannot touch 
the glass of the bell-jar. The bell-jar ultimately becomes dim from 
deposition of moisture, but at the lower and therefore warmer part 
remains long enough transparent to enable several drops to be suc- 
eessively observed. I think this experiment is decisive for the expla- 
nation of Leidenfrost’s phenomenon; for it shows that the force 
which supports the drop obeys the laws of the pressure of vapours. 

I may be here permitted to bring before a wider scientific public 
some observations on the shapes of Leidenfrost’s drop which in March 
1869 Icommunicated to the Niederrheinische Gesellschaft fur Natur- 
und Heilkunde. As regards the formation of the star-shapes I adhere 
to Berger’s explanation, with the addition, however, that the forma- 
tion of the star is a phenomenon of vibration, and one accompanied 
by a remarkable formation of nodes. The motion in question is 
alternate extensions and contractions, usually occasioned by the col- 
lection of vapour under the centre (which causes the drop to spread 
out), brought into regular course and maintained by causes which 
Berger has described. The simplest vibration is that in which the 
drop extends and contracts as a whole; it then represents alternately 
a more flattened and an elongated spheroid. This modification is 
most easily witnessed with very small quantities of liquid. 

If the drop has a larger area it behaves like any other vibrating 
body, and divides into aliquot parts, forming nodes and loops. The 
simplest division is that into quarters. It therein extends first in one 
direction so that its section is almost an ellipse. In the following 
period the larger axis contracts, and the former smaller axis extends, 
so that the section forms an ellipse at right angles to the first. It 
therefore oscillates between two crossed ellipses; and when the motion 
is rapid enough it is observed as a cross. When the amplitude of the 
oscillation is sufficient, the contraction in the middle extends so far 
that the section is biscuit-shaped; with greater amplitude the drop 
breaks up each time into two parts, which sometimes again flow to- 
gether with surprising regularity, then extending in a direction at 
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right angles to the first,and again being broken up. If it forms 2.3, 
2.4, and so forth nodes, it will be seen that on each elongation it 
forms a star with 8 or 4 rays and 3, 4, &c. indentations; if, then, 
the time between two elongations is small enough, a star of 2. 3, 2.4, 
&e. rays will be formed. 

The force which opposes the disruption of the drop is, beside 
molecular attraction, the pressure of the vapour which escapes at the 
side of the drop. Vapour will keep the drop so much the more 
together the more it is compelled by the form of the dish to press 
against its sides, therefore the more the dish is. curved. ‘The for- 
mation of nodes will be the more abundant the greater the resistance 
offered to expansion, and therefore the greater the curvature. It 
will thus be seen that the shape of the drop mainly depends upon 
the shape of the dish; and the following connexion is observed. 

1. Very flat, almost plane dishes furnish with about 1 cub. centim. 
water (2 cub. centim. alcohol, $ ether) almost always the shape of 
crossed ellipses. Ifthe curvature is very uniform, the shape remains 
constant as the drop diminishes. With large drops of water the 
motion is so slow that all the individual phases can he easily foliowed, 
especially the first rise of oscillations from a bubble of steam seek- 
ing to burst through. Alcohol and ether move more quickly. 

2. More highly curved dishes give shapes with more than four 
nodes, the number of nodes increasing with the decrease of the radius 
of curvature, until at about 13’, owing to the diminution of the con- 
tents of the dish, there is again a decrease. 

With the gradual diminution of the drop, which is caused by its 
evaporation, the circumference ultimately becomes too small for the 
criginal number of nodes; a pause then occurs, followed by new 
vibrations with fewer nodes. The above statements refer primarily 
to the largest forms, and in my experiments have been found to 
hold for these with such certainty that, by choosing the dishes, I 
could produce definite stars (to as many as 16-rayed ones) with 
a probability of more than =%;. Dishes not too smooth (copper for 
instance) are advantageous, since small roughnesses promote the vi- 
brations. Very steady drops are obtained with small quantities of 
water (diameter of the spheroid 0°8 to 1 centim.) in a very smooth 
silver dish heated as gently as possible. — 

The formation of the smaller waves which almost always ruffle the 
surface of the drop, I should ascribe to the vapour, which in esca- 
ping brushes over the sides and bottom of a drop as a violin-bow 
across a string. These vibrations may also become audible; their 
tone is a deep, gentle humming, but definite; to hear it, all noise 
from the flame must be avoided, even the heating-flame, of course 
only after the dish has been so far heated that its temperature is 
maintained for a time; a confusion of the note with the crackling 
which takes place just before the drop bursts is not very possible.— 
Poggendorff’s Annalen, No. 1, 1871. 
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XLIV. On Barometric Differences and Fluctuations. By Joun 
Knox Laveuton, M.A., F.R.A.S., F.R.G.S., Mathematical 
and Naval Instructor at the Royal Naval College, Portsmouth*. 

Part I. The Influence of Temperature and Humidity on Baro- 
metric Pressure. 

(| ee within the last few years meteorologists invariably 
commenced any inquiry into the movements of the air by 

the statement, however differently worded, that all movement is 
caused by the unequal distribution of heat at the surface of the 
earth. This unequal distribution of heat was supposed to act by 
the unequal expansion and rarefaction of contiguous masses of 
air, by the consequent difference of their density, and the dis- 
turbance of equilibrium. From a hydrostatic point of view such 
a statement seemed theoretically perfect ; and it was therefore 
laid down with the most absolute confidence as a meteorological 
axiom. Later and more exact observations, extending over a 
wider geographical field, have established its incorrectness, and 
have shown very conclusively that the mere expansion of air by 
heat, and its increase of density by comparative cold, do not 
account for the anemological phenomena which really take place, 
and in many instances seem to be in direct opposition to them. 
No one can doubt that heat, acting on the air, does produce very 
important results; but it is now equally impossible to doubt 
that, whatever its effects may be, they are so mixed up with the 
effects produced by other agencies (such, for instance, as evapo- 
ration or condensation), that no class of phenomena can be attri- 

* Communicated by the Author. 
Phil, Mag. 8. 4. Vol. 41. No. 274. May 1871. Z 
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buted solely to this property of expansion and contraction. 
That, according to this theory, wind blows, necessarily and in- 
variably, from the place of less towards the place of greater heat, 
is contrary both to our geographical knowledge and to our com- 
mon experience; and whilst loth to admit in plain language 
that the effect due to heat, in this manner, has been overstated, 
the leading meteorologists of the present day have virtually sub- 
stituted for the old axiom a modification of it which may be 
shortly stated. thus :— 

The movements of the air ate caused by differences of baro- 
metric pressure: air necessarily moves from the place of high 
pressure to the place of low. 

And on this axiom, the system of all modern writers, more 
especially of Mr. Buchan of Edinburgh, and Professor Mohn of 
Christiania, is explicitly founded. 

Before, however, we can unreservedly accept such an axiom, 
we must have a clear idea of its exact meaning; before we can 
admit that differences of barometric pressure are the causes of 
the atmospheric movements, we must have some insight into the 
cause of these barometric differences themselves; and it is this 
point which meteorologists, without exception, have slurred over : 
however lucid their writings may be in other respects, here their 
clearness fails them; and frequently the only inference that can 

_be drawn is, that barometric differences are a first cause, beyond 
which it is not necessary to inquire. This, of course, is not 
what they mean; but, admitting that it is a question of great 
difficulty, they have rather avoided than grappled with it. With 
the various explanations, or partial explanations, that have been 
offered, no one can feel satisfied ; and yet, till some satisfactory 
explanation is arrived at, meteorological research tends,to become 
merely a dry repetition of the observations of phenomena which 
we can dimly see are connected in some way with each other, 
without being able in the least to trace that connexion to its 
source. Until the phenomena of barometric fluctuations and 
differences are understood, we are not at liberty to assume that 
they are the causes of atmospheric movements. We know that 
a barometric difference between two adjacent masses of air will, 
under certain conditions, establish a movement between the two: 
experimentally, we know that air will rush, even with great force, 
out of a vessel in which it has been compressed; but we also 
know that under certain conditions a movement of air may raise 
or depress the barometer—a fact that we may readily illustrate 
by driving a current of air, by a force-pump, into a glass vessel 
whieh contains an aneroid. 

When, of two observed phenomena, either one can produce the 
other, very great caution is necessary before we decide which is 
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the cause, which is the effect ; and when, as in this instance, two 
classes of phenomena (atmospheric movements and variations in 
barometric pressure) are so closely connected, and stand so ma- 
nifestly towards each other in the nearest relationship, in the 
absence of further information we have no means of deciding 
whether the changes in barometric pressure cause the atmo- 
spheric movements, whether the atmospheric movements cause 
the changes in the barometric pressure, or whether some third 
and extraneous agency does not cause both the movements of 
the atmosphere and the fluctuations in its pressure. These con- 
clusions seem, at first sight, equally to merit our acceptance ; 
and notwithstanding the prescriptive right to our belief claimed 
for the first mentioned (by reason of old traditions and scientific 
conservatism), an examination into the grounds of this belief is 
at least necessary before we can yield an entire and rational 
assent. 

_ It is therefore the causes of barometric fluctuations that I pro- 
pose to inquire into; and since in meteorology, more almost than 
1n any other science, incorrect statements have been frequently put 
forward, resting on some plausible theory, the fallacy of which 
it is difficult to poimt out, I propose submitting each step in our 
inquiry to the test of experimental and geographical fact : if it 
cannot stand this, it is good for nothing ; if it can, we may con- 
sider it a certain, however slight advance towards establishing 
our conclusions on a satisfactory basis. 

At the very outset it is necessary to call attention to the fact 
that the barometer does not measure weight: the name unfortu- 
nately implies that it does; but we all know (if we can only bear 
it in mind) that it does not. What the barometer measures is 
elastic force ; with weight or density it is concerned only so far 
as they are functions of elastic force. The distinction between 
weight and elastic force cannot be too strongly insisted on; and 
the want of observing it has ledto great confusion. It has thus 
been almost universally assumed that heat lowers the barometric 
pressure, and that cold increases it: I find this repeatedly stated 
in the most absolute manner by meteorologists of high repute ; 
and yet, as an abstract fact, it is distinctly contrary to the truth. 
Heat, while it tends to increase the volume, does certainly tend 
to decrease the density; but while exercising this tendency, it 
actually increases the elastic force of the air. Cold (under- 
standing by cold merely a diminution of heat) works in exactly 
the opposite way; it tends to decrease the volume and to in- 
erease the density, but does meanwhile lower the elastic force. 
If, then, the increase or decrease of volume does not keep pace 
with the increase or decrease of temperature, the barometric 
pressure is raised by heat and lowered by cold. ‘This is easily 
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enough shown by putting an aneroid barometer, with thermo- 
meter attached, under a glass receiver: the barometer, which at 
first will show the pressure of the air in the room, will rise if hot 
water, fall if iced water is poured freely over the receiver; the 
difference of pressure corresponding to a difference of tempera- 
ture can be exactly calculated by the well-known formula; but 
independent of any such careful experiments or calculations, it is 
within the familiar knowledge of all of us that if a blown bladder 
be held to the fire it will burst, if it is taken out into the cold it 
will shrink and become limp and flabby ; the elastic force of the air 
inside is increased or diminished by the change of temperature. 

From a meteorological point of view, the question then pre- 
sents itself, whether, in the free atmosphere, expansion takes place 
in such a way as to cause the increase of volume to exceed the 
proportionate increase of elasticity, so as, in fact, to lower the 
elastic force. The view apparently taken by meteorologists is 
that it does; it is only by such a view that the statement laid 
down by Mohn, Buchan, and others can be supported* ; but 
considering the subject as, in the first place, a branch of prac- 
tical geography and not of abstract theory, I find no satisfactory 
basis for such an opinion; or rather, I should say, I find many 
instances which stand diametrically opposed to it. 

Foremost amongst these, I may name the Hot Wind of New 
South Wales and of Victoria. This wind, which bursts out at 
intervals from the deserts and burning plains of Central Australia, 
itself dry and burning almost beyond conception, can be attri- 
buted only to a great and sudden increase of elastic force. It 
would be foreign to my present subject to speak of the peculiar 
properties of this wind; its sudden outburst as a hot wind is all 
that I have now to do with; and this sudden outburst seems to 
me incapable of any other explanation than as the effect of a re- 
markable barometric rise in the interior of the continent. The 
mass of air, heated to an extreme degree, and having such aqueous 
vapour as it contains similarly superheated, has its elastic force 
enormously increased; it tends to expand with violence,and bursts 
out towards the place of least resistance; and it seems to bear 
stronglyon the question I have proposed, that it finds that place of 
least resistance always, or almostalways towards thesouth—thatis, 
towards the place of greatest relative cold. There is not, I believe, 
any record of a Hot Wind having been experienced on the north 
coast of Australia; and Stuart, in describing the stony desert 
which, in his opinion, is the birthplace of the Hot Wind of the 
south, says very explicitly that, after passing this place,the Hot 
Wind, which before had been frequent, was never felt till he again 

* Atlas des Tempétes: Christiania, 1870, p. 19. Handy Book of Meteo- 
rology, second edition p. 47. 
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passed the place on his return journey*. Whenever the Hot 
Wind breaks out over South-eastern Australia, it is invariably and 
immediately followed by a strong cold gale from the south, It 
is impossible to avoid comparing this with what takes place on 
opening an oven door: there is, first, a strong outward rush of 
heated air, then an inward rush of cold air—an alternation 
which is repeated two or three times with continually diminishing 
force before equilibrium is established. The same alternation of 
air-currents was shownvery exactly bythe late Professor Daniell +. 
He connected two receivers by a glass tube in which was a stop- 
cock. From one (B) he partially exhausted the air; into the 
other (A) he compressed an additional quantity,—thus making 
a very marked difference in the elastic force of the two volumes. 
On opening the stopcock, the air rushed violently from A to B; 
this rush was immediately followed by a return from B to A, 
the alternation in the glass tube being distinctly visible. It is 
evident, therefore, that air putting itself im motion by the ex- 
ercise of its elastic force, generates in itself such a momentum 
that far more will yield to the impetus and follow in the same 
direction than is called for to restore a balance of pressures: the 
elastic force becomes least in the chamber where it was greatest, 
so that there is a return movement, and even, when the first 
difference has been excessive, several alternations of the move- 
ment. I see no reason to doubt that the Hot Wind of Australia 
and the cold southerly gale immediately following it are natural 
instances of the same thing on a very large scale—that the Hot 
Wind, bursting out from the desert by reason of an elastic force 
immensely increased by an extraordinary accession of heat, drags 
in its volume so much air that, as the impetus dies away, it leaves 
behind it a comparative vacuum, into which the cold air from the 
south rushes with great violence. We have absolutely no baro- 
metric observations from the interior of Australia; even if we 
had, they would be of little value, from our ignorance of the level ; 
but it seems in the highest degree probable that, when exact ob- 
servations can be made, we shall find that a noticeable rise pre- 
cedes the Hot Wind, and that a fall as marked immediately fol- 
lows it. 

I conceive that the Scirocco of the southern parts of the Me- 
diterranean is, in its origin, exactly similar. It is, as the other, 
a hot wind off a burning desert, and is, like it, invariably fol- 
lowed by a cool wind from the opposite direction. Still, here 
again we have no barometric observations ; so that I am unable 
to speak of the rise or fall of the barometer as ascertained facts. 

On the other hand, however, the fact seems sufficiently estab- 
lished that in high southern latitudes the barometer stands, on 

* Journals &c. pp. xii, 473. + Meteorology, vol. i. p. 49. 
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the average, nearly an inch lower than in other parts of the 
world. But over an area so vast as the Antarctic, and so cold 
even in the summer months, the air must be contracted to an 
extreme density ; and though the temperature is probably much 
greater than that of Siberia or thé eastern steppes of Asia during 
the winter, it is still very far below that of any other portion of 
the southern hemisphere; so that if increase of density neces- 
sarily led to a corresponding increase of elastic force, the observed 
barometric pressure in the Antarctic would be markedly higher 
than in any other part of the southern hemisphere, not lower. 

The more exact oar observations become, the greater and more 
persistent is the difficulty which opposes the idea that cold in- 
creases barometric pressure. Mr. Buchan, in his isobaric charts, 
shows a large patch of high pressure during the winter in Eastern 
Siberia, and at the same season a patch of low pressure in the 
neighbourhood of Iceland. These differences he considers due 
to the extreme cold of Siberia and the relative warmth of Iceland*. 
But by what principle of selection, according to such a view, does 
the barometer choose Iceland as its centre of minimum pressure ? 
for the south-west corner of Ireland, at no very great distance, 
has a very mucn higher average winter temperature than the 
western side of Iceland; and still further to the south-west, 
towards the Azores, the temperature is still higher; so that even 
if, leaving other considerations momentarily on one side, we were 
disposed partially to admit that the extreme long-continued and 
unbroken cold of Siberia does permit an accumulation of air 
there, and produce this remarkable increase of barometric pres- 
sure through the winter, we cannot admit that the relative 
warmth of Iceland (relative only to Siberia) can so reduce the 
barometric pressure in that neighbourhood as to render it feeble 
relatively to that of much warmer districts neither remote nor 
separated by geographical barriers. 

Many other instances might be brought forward ; but those I 
have mentioned afford sufficient proof that heat, even long con- 
tinued over a wide area, does not necessarily establish a relatively 
low barometer; nor does long-continued cold establish a high. 
This is in conformity with our everyday experience on a small 
scale; for we know that the barometer is by no means necessarily 
higher in cold weather than in hot, and that its mean height im 
England is very much the same in winter asin summer. ‘There 
is, as I have shown, reason to believe that a rise of temperature ~ 
does in some instances affect the barometer and cause an alter- 
nation of high and low pressure; but there seems no support in 
geographical fact for the opinion that continued high or low 
temperature sensibly affects the barometric mean of the district, 
subjected to it. 

* Handy Book of Meteorology, p. 40. 
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Another error due to the confusion between the ideas of den- 
sity and elastic force is the opinion, widely put forward, that the 
presence of aqueous vapour in air reduces the barometric pres- 
sure, and that this becomes lower accordingly as the quantity of 
vapour becomes greater. It is said that aqueous vapour is lighter 
than air, and that, since a volume of air saturated with vapour 
has less weight than an equal volume of relatively dry air sub- 
ject to the same pressure, the barometric pressure of the moist 
air is therefore necessarily less than that of the dry—as if be- 
tween volumes of air balancing the same pressure there could be 
any difference at all! In fact the very important clause, subject 
to the same pressure, is overlooked ; so that it is carelessly but 
very commonly maintained that the mere presence of vapour in 
the air accounts for a low barometer, or even that the introduc- 
tion of vapour into the air causes a fall. How utterly opposed 
this last idea is to fact can at once be shown by putting an ane- 
roid under a glass receiver containing comparatively dry air, and 
introducing water: the vapour thrown off raises the barometric 
reading by the amount due to the vapour at the existing tempe- 
rature, gradually increasing it till the air inside the receiver 
becomes saturated. If in a wider field we refer the question to 
geography, and inquire whether those regions of the earth where 
the air is permanently saturated with moisture are the regions 
where the barometer is also permanently low, we obtain answers 
of the most widely differing purport. Great stress is usually laid 
on the low barometer in the Doldrums of the Atlantic, or in India 
during the season of the south-west monsoon ; but, on the other 
hand, in the valley of the Amazon and some of its principal tri- 
butaries, where, according to Mr. Bates, “one lives as in a per- 
manent vapour-bath,” we find travellers repeatedly noticing that 
the barometric observations give a level scarcely above that of 
Para*. Comparing these opposite instances with those already 
mentioned, of air almost entirely free from moisture showing a 
very high pressure, as in Siberia, or a very low pressure, as in 
the Antarctic, we can scarcely form any other conclusion than 
that neither the permanent presence of moisture in the air nor its 
permanent absence produces any effect on the barometric mean. 
This conclusion corresponds with that at which we have pre- 
viously arrived with regard to long-continued high er low tem- 
perature; and though both rest entirely on geographical obser- 
vation, it will be not uninteresting to examine into the cause of 
results so contrary to the general, or rather to the popular belief. 

In the reasoning which has been adopted, there is clearly a 

* Amongst many others, see Wallace, ‘Travels on the Amazon and Rio 
Negro,’ p. 411; Chandless, in Journ. of the Roy. Geog. Soe. vol. xxxvi. 
p. 94. 



332 Mr. J. K. Laughton on Barometric Differences 

fallacy which has escaped detection, until a rigorous application 
of the test I have proposed (that of geographical comparison) 
compels us to recognize its existence. It appears to me to lie 
in the unauthorized assumption that any increase or decrease of 
temperature or humidity which affects the lower strata of the 
atmosphere extends upwards to its very furthest limits. This 
assumption may probably, to a great extent, be attributed to the 
incorrect way of speaking now so general, and which indirectly 
teaches us to think that a mass of air being made specifically 
lighter than it was, whether by expansion from heat or by ex- 
pansion consequent on the intermixture of aqueous vapour, has 
a tendency to rise, and does rise. We know that this is not the 
case: we know that a piece of cork at the bottom of a basin has 
no tendency to rise, and does not rise; but if water is im the 
basin, the cork is raised by the pressure of the water underneath 
it. But popular usage says that the cork rises ; and it would now 
almost savour of pedantry to insist on the more correct expres- 
sion. Still we may and must insist on a clear understanding of 
the sense in which the word is used: custom may modify the 
laws of grammar; but the laws of gravitation are beyond its 
power. 

It is thus, however, that a mass of air heated or rendered 
more humid has been supposed to rise, as though by virtue of 
some quality imparted to it which causes the earth to repel it ; 
yielding to this, it rises and continues to rise to the very top of 
the atmosphere, where its power of rising suddenly ceases; the 
repellant force is changed into one of attraction; and the mass 
of heated air, finding itself above the air immediately near it, 
flows over it, and increases the height and therefore the weight 
of the adjoining atmospheric column. Put into plam and un- 
mistakable language, this statement would shock the common 
sense of any one with the smallest pretension to scientific know- 
ledge: it is none the less the statement which is repeated in 
almost every work on popular meteorology, as well as im many 
of a much higher order of merit. We know that it is not true; 
for we know that a mass of air, whether hot or cold, moist or dry, 
has absolutely no tendency to rise, but, on the contrary, is drawn 
down by all the force of gravity. We know that it is not true; 
for countless observations in almost every part of the earth prove 
to us that the height to which the heat or humidity of the air 
extends is very limited. An explanation of the way in which 
strata of hot and cold, of moist and dry air are intermixed is 
one of the most curious and interesting problems in meteorology ; 
but that they are intermixed, that a hot stratum, or a wet stra- 
tum, or any other stratum is found frequently lying between two 
strata of a very opposite condition, forming a sort of atmospheric 
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sandwich, is perfectly certain. The balloon observations of Mr. 
Glaisher have, at any rate, established this beyond the possibility 
of further doubt*; but they have also established the fact that 
above all, beyond the reach of these alternations, is a region 
where the air is intensely cold and intensely dry. I have else- 
where?+ discussed at great length the peculiar unwillingness with 
which two masses of air, or any fluid, mix when their thermome- 
tric, hygrometric, or other conditions are different. The distinct 
outline very commonly offered by a stench or a perfume affords 

a clear and familiar illustration of my meaning: we do not, as a 
rule, find the smell gradually grow on us; it comes with sucha 
sharpness that its rate of progress could easily be timed. It is 
the same with masses of air lifted into the upper regions of the 
atmosphere. A mass of hot air or a mass of moist air retains as 
much of its heat or moisture as is not by the forcible expansion 
withdrawn from it; and refuses, by virtue of this property, to 
mix with the cold or dry air which lies above it, or which it drags 
up after it. 

It must therefore be borne in mind that when a certain mass 
of air is heated, and a tendency to expand—not to rise—imparted 
to it, its elastic force, which is the measure of the tendency to 
expand, is increased, and exerts itself in that direction in which 
at the moment it finds least opposition. Any one who has 
watched the course of a stream will know how the most trifling 
and apparently the most insignificant obstacles deflect its flow in 
a very marked manner; a blade of grass lying over from the 
bank and just tickling the surface will make a ripple and an eddy 
and a backwater, producing an amount of disturbance which re- 
peated observation can alone lead us to credit. A tiny bit of 
gravel thrown into a pool will send waves swelling and circling 
almost as far as we can see; and knowing that these effects are 
produced in a comparatively dense sluggish fluid such as water, 
we may, without extravagance, maintain that causes infinitesi- 
mally small, and altogether beyond our power of discernment, 
will suffice to direct the motion of a fluid so mobile and so elastic 
as air. It therefore by no means follows that the expansion of 
heated air takes place in an upward direction. We have, as I 
have shown, strong reasons for believing that it sometimes takes 
place laterally; but these cases are exceptional, and may fairly 
be supposed due to a very extraordinary and sudden increase 
of temperature; but when an increase takes place slowly and 
steadily, the elastic force and the expansion would appear to 
keep pace with each other; the mass of air immediately over- 

* See also Strzelecki, ‘ Physical Description of New South Wales,’ p.162. 
+ Physical Geography in its relation to the prevailing Winds and Cyr- 

rents, pp. 149 et seq., 266. 
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head is to some extent lifted; the air all around, or principally 
in one direction, isto some extent driven back; and equilibrium 
of elastic force being maintained, equilibrium of density is also 
maintained by a slow and for the most part imperceptible change 
between the hotter and colder masses; for geographically, and 
more especially at sea, the large areas of hot and cold air are not 
separated from each other by any sharp outline; the differences 
of temperature, and therefore the differences of density, are very 
gradual, and any motion that differences of density may cause 
must be of an extremely gentle nature. 

This statement is very contrary to the common idea and the 
generally received theory; but it is easy to show that any velo- 
city which can possibly be generated by such differences of den- 
sity is altogether inappreciable. The most familiar illustration 
of this may be taken from the trade-winds. Premising that the 

- account given of these winds in every book on meteorology with 
which I am acquainted is more or less incorrect in its geographical 
details, I will, so far as the data on which my calculation is based, 
follow Mr. Buchan, the clearest and latest exponent of the influ- 
ence of density. He says that in the Atlantic the north trades 
prevail between latitudes 9° and 380°*. According to his charts, 
the mean pressures on these parallels may be taken as 29-95 
and 80°15, and the mean temperatures as about 80° and 72° F. 
He gives no hygrometrical estimate ; but wet-bulb temperatures 
of 79° and 68° will probably not be very far wrong. These ele- 
ments give us, from Mr. Glaisher’s Tables, the weights of a cubic 
foot of air on each parallel as 509°5 and 522-7 grains respectively, 
showing a difference between the two of 13°2 grains. Bearing 
in mind that a cubic foot of air on the parallel of 30° presses on 
the cubic foot of air immediately south of it, and not on a cubic 
foot on the parallel of 9°, it follows that the difference of weight 

between two contiguous cubic feet is 5, of = of = of 13-2 grains, 
_| ofa grain nearly. The acceleration due to this pressure ig 

OY 600,000 a 

: 
en pn ae 

e PX nearly, or rather less than RTT of a foot per second; 

which, taking no account of friction, or the absorption of motion 
by compression, elasticity, or in any other way, would be equi- 
valent to about 8 inches in an hour. It can scarcely be a mat- 
ter of opinion whether a force so small is in reality capable of 
overcoming the numerous natural hindrances to the motion it 
would tend to generate. 

The fact is that we bring to the study of meteorology ideas as 
to the motion of air which we have formed from noticing the 
draughts in a room, or the strong currents generated in the pro- 
cess of ventilating coal-mines; we forget the effect not only of 

* Handy Book, p. 214. - 
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the much greater difference of temperature, but of the immediate 
contact of the two bodies of air. In a coal-mine, for instance, 
between, the air that, passing through or over an enormous fire, is 
driven up the upcast shaft and the air that drives it up, there is 
a difference in temperature of perhaps not less than 200° F. 
The difference in the weight of a cubic foot of air corresponding 
to such a difference of temperature is about 184 grains ; and the 
weight of a cubic foot of the hotter air would be something less 
than 400 grains. Thus we have the acceleration produced as 
about 15 feet per second. Such a calculation has, of course, no 
pretensions to accuracy; my object here is, not to arrive at the 
velocity with which air issues from the mouth of a coal-pit, but 
to show that, between the pressure which causes the current of 
air in a coal-pit and the pressure which has been supposed to 
cause the trade-winds, there is practically no comparison, and that 
the latter force is utterly inadequate to produce any appreciable 
effect. 

I have been obliged to dwell on this point in order to establish 
the fact that there can be no perceptible barometric difference 
due to the lifting effect of the interchange resulting from differ- 
‘ences of density. A low barometer caused by a high temperature 
is therefore really caused by a further expansion consequent on 
the withdrawal of a pressure from above, by the overflowing of 
such air as, by the expansion of the lower strata, is lifted above 
the strata of equal pressure. A method of calculation similar to 
that already adopted enables us to form some idea of the nume- 
rical value of this overflow. A cubic foot of moist air at 72° F. 
is increased at 80° F. to 1-008 foot, which gives a linear expan- 
sion of from 1] foot at 72° to 1:0027 at 80°. If, therefore, we 
suppose this expansion to extend through a height of 10,000 
feet (a very exaggerated estimate), the superior strata on the 
parallel of 9° are raised 27 feet higher than the strata of equal 
pressure on the parallel of 30°. The incline down which the 
overflow pours is therefore one of 27 feet in 21 x 60 x 6000, or 
1 foot in 280,000. The motion generated by gravity on sucha 
slope, with the very intense friction which masses of air exercise 
on each other against it, cannot possibly be perceptible; it can 
neither become a sensible wind, nor can it show itself by any 
difference of barometric pressure. 

I have already called attention to the fact that geographical 
observations directly contradict the statements that a high tem- 
perature or a humid atmosphere cause a low barometer, and that, 
on the other hand, a low temperature or a dry atmosphere cause 
a high one. So far as geography is concerned, we may regard 
it as clearly established that there is no necessary relation between 
the mean reading of the barometer and the mean readings of the 
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thermometer or hygrometer: the calculations I have just made 
show with equal certainty that the forces called into action by 
the differences of expansion or of density due to mean-thermo- 
metric or hygrometric conditions are quite inadequate to produce 
any sensible motion; we are therefore fully warranted in the 
conclusion that permanent high temperature, permanent humi- 
dity, or the conditions most opposite to these, are not the causes 
of local differences of barometric pressure. 

Part II. The Geographical Distribution of Barometric 
Pressure. . 

It is not, however, to be doubted that mean barometric pres- 
sures have a very marked geographical distribution ; and though 
concerning these our information is very incomplete, and, even 
where it might seem complete, is frequently imcorrect, we are 
still able to determine some of the principal features of this 
distribution with tolerable accuracy. The best-known instances 
of it are perhaps the low barometer in the Doldrums of the 
Atlantic, in India during the summer months, in the Antarctic 
and in parts of the Arctic; and, on the other hand, the high 
barometer in the upper valley of the Amazon and its tributa- 
ries, in a patch of the North Atlantic between the Azores and 
Bermuda, in a corresponding patch of the South Atlantic to the 
north and north-west of Tristan d’Acunha, and in Eastern 
Siberia during the winter. There are other districts, perhaps 
equally important ; but these I have named may be considered, 
to a certain extent, representative areas, offering, at any rate, 
very many of the most noticeable barometric phenomena. 

A consideration of the climatic characteristics of the Dol- 
drums or of India seems to point to the heavy rains of these lo- 
calities as affording some explanation of their low barometer. 
Remembering the extent and absolute, as well as relative, 
amount of the precipitation which, during the wet season, takes 
place in India along the southern foot of the Himalayas, along 
the whole of the west coast, and further east in the province of 
Khasia, and thence southwards to the sea, it is difficult to over- 
estimate the sudden disturbance to which the atmosphere is 
subjected, whether merely by the removal of the vapour and the 
consequent reduction of elastic force, or by the expansion follow- 
ing the enormous development of heat by condensation. The 
observations of this great rainfall are neither sufficiently nume- 
rous nor consecutive to admit of our assigning to it any exact 
measure; but we are certainly far within the mark when we say 
that it does not average less than one inch in the day during the 
summer months. Now 1 cubic inch of water weighs 253 gers, ; 
so that an inch of rain falling on an area of 1 square inch im- 
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plies that 253 grs. of vapour are withdrawn from the column of 
air that rests on it, and almost entirely from that part of the 
column which extends upwards from the ground to a height of 
10,000 feet. If we suppose the mean temperature throughout 
this column to be 55° F. (and a few degrees more or less make 
scarcely any difference), the 253 grs. of vapour have a volume 
of 89,770 cubic inches; that is to say, the vapour and the 
elastic force belonging to it have been withdrawn from the at- 
mospheric column through a height equivalent to 89,770 inches, 
or in round numbers 7500 feet. This, from a column 10,000 
feet high, denotes the withdrawal of three-fourths of the elastic 
force of the vapour, that is, of a pressure equal to °325 of an 
inch of the barometric column. 

On the other hand, the heat given off by the condensation of 
1 pound of water is sufficient to raise 1000 pounds of water, or 
4200 pounds of air, one degree in temperature. The pound of 
water, as rain 1 inch deep, covers an area of about 28 square 
inches; =), of this heat is therefore applied to the columa on 
the base of 1 inch which we have been considering, or sufficient 
to raise the temperature of 150 pounds of air 1° F. Now the 
whole column, to its highest limit, weighs 15 pounds; so that 
the liberated heat, if applied to the whole column, is sufficient 
to raise its temperature 10° F. But there is no reason to sup- 
pose that it is so applied. We know familiarly that rain cools 
the air near the surface, which comes within the reach of our 
daily experience ; and we know that frequently, when rain is 
falling on low-lying land, we find snow falling on land a little 
higher ; so that we are justified in saying that the heat of con- 
densation does not strike downwards towards the surface of 
the earth. It would therefore appear probable that the greater 
part of this heat is absorbed by the air in the immediate 
neighbourhood in which the condensation takes place; and 
supposing that it acts principally on that part of the column 
which lies between 5000 and 10,000 feet from the ground, it 
acts on a weight of air which may be considered as one-sixth 
of the whole, or as 2°5 pounds, and is sufficient to raise its 
temperature 60° F. It would be useless to carry a calculation 
such as this any further. The results obtained from data ne- 
cessarily extremely inexact, are of little numerical value; but 
they serve to show dimly the extraordinary amount of the force 
suddenly let loose high overhead. Heat so applied to a column 
of air 5000 feet high cannot be compared in its effects with that 
which causes arise of temperature, even through the same num- 
ber of degrees, near the surface of the earth, where it acts 
only on the very lowest strata, and is diffused upwards by a 
process comparatively slow—so slow, in fact, that the mean 
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temperature of the air diminishes as we ascend at the nearly uni- 
form rate of 1° in 300 feet, whilst the noontide temperature di- 
minishes much more rapidly. I have already shown that differ- 
ences of temperature, such as we ordinarily find near the surface 
of the earth, shading into each other through almost infinitesi- 
mal gradations through very great distances, are insufficient to 
produce any appreciable effect ; but Iam none the less ready to 
admit that the sudden expansion, equivalent to a rise in tempe- 
rature of 60° F., of a column of air 5000 feet high and covering 
a base of hundreds of thousands of square miles, partaking, as 
it must do, almost of the nature of explosion, is capable of pro- 
ducing an effect the vastness of which may be conceived without 
entering into any detailed and not very exact calculations. 

Whether, therefore, we consider merely the withdrawal of the 
elastic force, or the disturbance caused by this expansion, or, as 
in fact we must do, both combined, it would seem conelusively 
established that tropical rain is a cause sufficient to produce a 
low atmospheric pressure in any given locality during the wet 
season: but we are met by the very startling contradiction 
offered by observations in the valley of the Amazon, where the 

' volume of water that rolls down the river swelled to 50 feet 

above its level, whilst the whole country for many miles on each 
side of the principal tributaries is inundated, tells of the extra- 
ordinary precipitation, to which a total want of meteorological 
registers prevents our assigning any numerical estimate. Mr. 
Buchan, indeed, runs his mean isobar of 29°9 up the whole length 
of the valley, across the Andes, and down to the Pacific on the 
western side; but admitting this as the mean height of the 
barometer at Para, we cannot allow that it is also that of the in- 
terior, unless we reject the observations of Chandless and several 
other careful travellers. Wallace, in attempting to form an es- 
timate of the height of various stations on the Rio Negro, says 
that “the mean of five observations at Barra, some with river-, 
some with rain-water, gave 212°°5 as the temperature of boiling 
water,” which is equivalent to a barometric height of 30°2 inches. 
Chandless, again, says that on the Purus, “at Canotama, three 
feet above the high-water line, the barometer (mean of sixteen 
days at 9 a.m. and 8 p.m.) stood higher than in Manaos at 
about 10 feet above the high-level of the River Negro at the 
homologous hours.” 

Mr. Chandless’s observations were taken in July, Mr. Wal- 
lace’s in August, and compel us, in the absence of others with 
superior claims to exactness, to believe that the barometer does 
stand very high at that season of the year. But that season is 
not the rainy season; the rains on the Purus end in the early 
part of June, when the whole country is under water, forming 
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an enormous lake or series of lakes, the river is many feet above 
its level, and boats cross freely to and from the Madeira. Cas- 
telnau’s maps of this country are in this respect quite in accord 
with Chandless’s description; they both show that the land is, 
for the time, virtually turned ito an inland sea. Mr. Wallace’s 
description of the country adjoiming the Rio Negro is to the 
same effect ; the upper parts of the Amazon and of the Orinoco 
exhibit the same peculiarity ; the very remarkable flatness of the 
whole of this vast area retains the water, so that it runs off with 
extreme slowness, and meantime much of it is flying off by evapo- 
ration. The temperature is uniformly high, and the quantity 
of aqueous vapour the air can contain is very great. Its elastic 
force, indeed, tends to disperse it ; but aqueous vapour does not 
easily diffuse itself through air that has already a high degree of 
humidity ; it spreads itself into the superior strata slowly and 
apparently with difficulty, even when the air above is far re- 
moved from the point of saturation*. And here the only di- 
rection in which it can spread is upwards: the Andes, to the 
west, are impenetrable ; on the north the mountains of Vene- 
zuela are nearly so; the ridge of elevated land on the south 
offers an obstacle that checks, though it does not prevent, the 
passage of air; and the trade-wind blowing fresh up the river, 
not only drives it back on the east, but brimgs m new and com- 
paratively dry air+, the elastic force of which the excessive eva- 
poration rapidly increases. It would seem therefore probable 
(and until we have more numerous and extended observations we 
must rest on probability) that the barometer is high only during 
this season of evaporation, that it is even low during the rainy 
season, and that during the rest of the year, in the interval 
between the draining off of the water and the return of the rains, 
the barometer has a standard height concerning which, at pre- 
sent, we have no reliable information; but now that steamers 
run up the Amazon almost to the foot of the mountains, we 
may hope that observations of the barometer and wet- and dry- 
bulb thermometers will enable us before very long to speak with 
more confidence f. 

It seems, however, as I have said, tolerably certain that the 
barometric pressure in the upper valley of the Amazon is very 

* See a Note by the Astronomer Royal in Proc. of Brit. Met. Soe. 
vol. i. p. 365. 

+ At this season, too, the equatorial current over which the trade-wind 
has passed is at its minimum of temperature, so that it supplies even less 
vapour than usual. : 

{ The whole question, in its relation to the level of different stations on 
the Amazon, is discussed at great length by Professor Orton im a paper on 
“The Andes and Amazon” in Silliman’s American Journal of Science, 
2nd series, vol. xlvi. p. 203. 
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high in the months of July and August; and it is quite certain 
that the wind at that season blows strong up the river*—blows 
towards the place of high pressure, not fromit. One direct and 
unmistakable contradiction is sufficient to overthrow any axiom; 
and an instance such as this deals a most severe blow on the 
particular axiom which has been proposed for the guidance of 
meteorologists. If wind does not always blow from the place of 
high pressure, but in some instances blows straight on end to it, 
it is quite clear that the one part of the proposed axiom is false, 
and that we are at liberty to reject the other—to say, in short, 
that winds are not always caused by differences of barometric 
pressure. Winds cannot blow from the place of low to the 
place of high pressure if differences of pressure are the cause of 
the winds ; when, therefore, we find winds distinctly and for a 
length of time blowing towards the place of high pressure, we 
feel sure that they are not doing so by reason of any mere dis- 
turbance of hydrostatic equilibrium ; we are confident that the 
difference of pressure is not the cause of such winds, although, 
indeed, such winds may well be the causes of the difference of 
pressure. 

The valley of the Amazon, however, is only one locality in 
which the meteorological axiom I have referred to is palpably 
controverted. Nor is it the most decided. A still clearer in- 
stance of the failure of the law is offered by the high barometer 
of Kastern Siberia in the winter months. One of the so-called 
poles of cold is in this district ; and it has been conjectured, and 
indeed very positively stated, that the extreme cold, by increas- 
ing the density of the air, is the direct cause of the high pres- 
sure—an opinion which I have shown to be neither theoretically 
correct nor conformable to geographical evidence ; for the baro- 
meter near the other northern pole of cold, in North America, 
stands low, as it does also in the antarctic regions. Leaving, 
then, the low temperature out of consideration, as a condition 
which cannot possibly produce such very opposite effects, and 
examining into the points of difference between these places 
which resemble each other in their extreme cold, we find that to 
leeward of Siberia is a lofty and difficult extent of mountainous 
country. The prevailing wind of winter is west or north-west ; 
and almost impenetrable mountain-ranges bar its progress to- 
wards the east or south. Into the angle between these ranges 
air is continually driven, and acquires an elastic force tending 
towards equilibrium, not against the statical pressure of the air 
to the westward, but against the dynamical pressure of the air 

* Bates, ‘ Naturalist on the Amazons,’ vol. i. pp. 13,21. Maury, ‘ Ba- 
rometric Anomalies about the Andes’ in Silliman’s American Journal of 
Science, 2nd ser. vol. xix. p. 380. ! 
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moving from the west. Much of the elastic force due to this 
compression is lost by some outward movement, whether up- 
wards, or eastwards through the mountain-passes, or in occa- 
sional bursts to the westward, when for atime it drives back the 
advancing current; but the prevailing motion continues, or 
speedily resumes its course; and the barometer is kept at this 
very remarkable height throughout the season of strong westerly 
winds. Mr. Buchan has endeavoured to account for our east- 
erly winds of spring by a reference to this high pressure*; but 
he has overlooked the difference of seasons. The easterly winds 
of this country are the marked feature of April and May; the 
high barometer of Siberia is almost peculiar to January. In 
January we do certainly sometimes get strong easterly winds 
bringing hard frost; but they are exceptional, and westerly 
gales (such as the ‘ London’ foundered in in 1866) or soft west- 
erly winds (such as put almost half England under water in 1869) 
are the more recognized type of January weather. In April 
and May the barometer in Siberia has fallen to the compara- 
tively low mean of 29°96 inches; but it is then that the air, 
warmed and expanded by the advancing sun, and no longer 
forced back by the full strength of the winter west wind, breaks 
out over the whole of Europe, reaching even to us in the most 
distant corner of it. I will not at present stop to argue that the 
strong west wind is really the cause of this high pressure in Ja- 
nuary ; but whether it is or is not, it is equally certain that at 
that season the winds, not the local, diurnal, and irregular va- 
riations, but the prevailing winds of Northern Europe and Asia 
blow towards the place of high pressure+t, not from it. 

During the summer months the case is almost entirely re- 
versed. The west winds of Kurope are, as compared with those 
in winter, both irregular and of very moderate force; but the 
barometer in Siberia has at that season a remarkably low mean. 
The feeble pressure, far from causing a rush of air towards it, 
permits the previously existing rush to die away; itis as unable 
to increase the force of the summer breezes as the high pressure 
is to control the fury of the winter gales. Relative high tempe- 
rature is again said to be the cause of this area of low pressure ; 
but, independently of the reasons already adduced, Siberia is not 
an area of relative high temperature. Arabia might be called so, 
or the Punjaub, or the Sahara; but certainly not Siberia, with, 
in July, a mean temperature of 70° F., a mean which runs nearly 
on a parallel of latitude across the whole of Europe and Asia ; 
so that, looking at an isothermal map, and bearing in mind the 

* Handy Book, p. 233. 
+ At Barnaul, for stance, Mr. Buchan tables 20 days of west wind in 

January and 3 of east.—Trans. of Roy. Soc. of Edin. vol. xxv. p. 622. 
Phil. Mag. 8. 4. Vol. 41. No. 274, May 1871. a 
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continuous range of mountains on the south, there seems abso- 
lutely no reason, so far as temperature is concerned, why the area 
of low pressure should not be in Germany or Russia instead of 
in Siberia*. But in other respects there is a wide difference 
between the summer climate of Central Hurope and Hastern 
Asia. The rainfall, which throughout Russia is trifling, and on 
the plains of Siberia is scanty, is very great on the mountain- 
slopes to the south and east. ‘‘In the neighbourhood of Rid- 
dersk in the Altai Mountains, the dew falls so heavily that the 
dress of the horseman is completely saturated when riding 
through the high grass, while in the sombre forests of the north- 
western Altai, called locally Taigi, the atmosphere 1s still more 
humid, and rain during some summers falls incessantly” +. Such 
rain acts here in the same way as the still heavier rain acts south 
of the Himalayas. Wherever aqueous vapour is largely with- 
drawn from the air, the elastic force must be reduced, even 
though the reduction may not always be so great as to affect the 
barometer; and in this instance, since we know that in July the 
aqueous vapour at Barnaul has a mean tension of ‘43 of an inch, 
that the air in Thibet is excessively dry, and that on the Thian 
Shan Mountains dew and rain are almost unknown even during 
summers which on the Altai are unusually wet], we must admit 
that the northerly and north-westerly wind which brings the 
vapour into Siberia is entirely deprived of it as it passes out. 

But whilst the low barometer of Hindostan, of the Doldrums, 
or of Siberia may thus be explained by the free and excessive 
condensation of aqueous vapour, it is impossible in any similar 
manner to explain the low barometer of the Antarctic, a district 
which offers a decisive contradiction to every law which meteo- 
rologists have proposed: it 1s an area of extreme cold, yet the 
barometer is not high; it is an area of low pressure, but the pre- 
vailing winds do not blow towards it. What the actual height 
of the barometer or thermometer may be within the icy region 
we have no means of knowing; but it may fairly be supposed — 
that they are both very low; and it is quite certain that the 
pressure diminishes steadily from the parallel of 50° southwards, 
until barriers of ice hitherto impassable put an end to our ob- 
servations. 

The enormous quantity of snow which overlies the ice and 
land attests the occasional presence and condensation of aqueous 
vapour in the air; but the temperature in the higher latitudes 
diminishes very gradually, and the tension of the vapour in such 
air as 18 swept from warmer seas into the icy regions must be so 

* Buchan, ‘ Handy Book,’ p. 40, plate 4. See also ‘ Nature,’ vol. i. 
p- 76. 

+ Journ. of the Roy. Geog. Soc. vol. xxxv. p. 227. { Ibid. mm loc. cit. 
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feeble that the withdrawal of even the whole of it could not pro- 
duce any marked effect. But northerly winds are themselves 
rare, winds from the south, from the east, or from the west 
alternating irregularly south of the parallel of 65°; and it must 
be remembered that the immense snow fields are the accumula- 
tions of years, perhaps of centuries, and that the actual increase 
each year is probably small. 

It has often been suggested that the centrifugal tendency due 
to the rotation of the earth may possibly be the cause of this 
singular depression of the barometer; but the suggestion has 
met with but little favour, because, if the centrifugal tendency 
occasioned a low barometer in the neighbourhood of the south 
pole, it might fairly be expected to occasion it also near the 
north pole, and it has been very positively said that in this last- 
named region the barometer is not low. This statement is in- 
correct. In most places within the Arctic circle where we have 
observations, the barometer does stand very low; and although 
the depression does not seem to be either so great or so regular 
as in the Antarctic, it is none the less a very well-established fact. 
I have therefore no hesitation in agreeing in great measure with 
those who would refer it to a centrifugal tendency, believing © 
that the irregularities which occur in both regions, but more 
especially in the Arctic, are in most instances capable of satisfac- 
tory explanation. 

The attempt to calculate accurately the amount of depression 
at the poles which this centrifugal tendency should occasion 
seems at present quite hopeless; the results which have been 
obtained have, for want of satisfactory data, been so utterly erro- 
neous that they have no value whatever. But leaving abstract 
science on one side, and being guided by observation only, it 
would appear that the depression which can be attributed to the 
centrifugal tendency does not exceed, and is perhaps rather less 
than one inch; for though there is reason to believe that the 
extreme depression i is considerably more, we cannot overlook the 
fact that there are other forces in operation which must modify 
and in some instances increase the effect due to the rotation of 
the earth. Of these forces, one of the most important is that 
called into action by the winds which prevail in the southern 
hemisphere north of the antarctic circle. From the parallel of 
60° northwards to the parallel of 40° these winds blow almost 
eonstantly from the west; they are not, as has been frequently 
said, north-west winds ; neither are they south-west ; but though 
found occasionally, or in some special locality generally, inclined 
the one way or the other, their prevailing direction right round 
the world is due west. These winds have astrength far beyond 
that of any other prevailing winds on the face of the earth; in 

2A2 
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fact. between the parallels of 45° and 55° it blows a gale of greater 
or less severity almost the whole year through. South of the 
parallel of 60° these winds appear to lose both their force and 
their regularity ; and inside the antarctic circle the winds are 
very variable, and by no means excessive in strength. 

It is thus quite impossible to admit that these winds are in 
any way caused by the low barometer to the southward of them. 
They do not blow towards it either directly or in a vorticose 
manner, but preserve their due westerly direction as long as they 
preserve their distinctive force, and even after they have in a 
great measure lost it. There is not a particle of evidence in 
support of any idea of a vorticose movement ; and however the 
winds may be caused, and, so far as the present question is con- 
cerned, whether they are rightly named counter-trades or not, 
we may consider it clearly established that they are not caused 
by the low barometer of the Antarctic. And, indeed, if that low 
barometer is itself due to such a centrifugal tendency, it is im- 
possible that it should cause any inward movement of the air. 
The spheroidal form which the atmospheric strata have been 
compelled to assume is the form of equilibrium; and that once 
taken, the centrifugal tendency is powerless to cause motion, 
save only when it ejects, and sometimes with violence, any excess 
of air which hy some meteorological change has been driven 
southwards. 3 

The condition of the atmosphere in high southern latitudes is 
therefore that of a large body of air in a state of comparative 
rest, past which a large and strong current is ceaselessly rush- 
ing. According to the nature of fluids under such a condition, 
the mass in motion tears away particles from the mass at rest, 
and establishes a constant tendency to rarefaction. This is the 
property of fluids first set forth by Daniel Bernoulli m his Hy- 
drodynamica, where he shows by a series of experiments that, if 
one end of a pipe be fitted as a branch into another somewhat 
larger and opening freely, water running through the larger pipe 
will draw water up from a vessel into which the lower end of the 
smaller pipe has been inserted*. The friction of the water 
rushing through the main pipe against the end of the column of 
air in the smaller tears away the air bit by bit; and as water 
from the vessel below is forced up imto the vacuum so formed, 
it too is torn off and carried away. If instead of leading into a 
closed vessel of water the branch lead into a closed vessel contain- 
ing air, this air may in exactly the same manner be drawn out till 
its elastic force is exhausted; and in this way, by keeping a con- 
tinuous stream of mercury running through the main pipe, the 

‘ a swe de viribus et motibus fluidorum commentari, 1738, 
p- . 
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nearest approach to a perfect vacuum may be obtained, as is in 
fact done by Sprengel’s air-pump. 

But though this principle of fluids has long been known and 
admitted, it seems to have been regarded rather as a scientific 
curiosity than as affecting the everyday relations of life. One 
familiar instanee will show that such a view is very erroneous. 
Certain gratings in the streets cover shafts which lead directly 
to the main drains, and it might be supposed that through these 
foul smells would be very apt to escape into the open air; but 
the flow of the water and the air which it drags with it through 
the drain prevents this; it continually rasps off the bottom of 
the atmospheric column and causes a descending current of 
air through the shaft, so that no vapours from below can come 
up. The force of this descending current can easily be seen 
by holding a lighted torch near the grating of such a shaft 
and watching how the flame is sucked in—quite as strongly 
sometimes as it would be near the bottom of a doorway opening 
into a heated room; and indeed the power of friction, acting 
in a similar way, was tried a few years ago in the ventilation of 
coal-mines. A number of jets of steam were driven forcibly into 
the upcast shaft, and these, dragging the air with them, gave 
rise toa corresponding descending current in the downcast shaft, 
In practice, however, the method was found expensive, and has 
been gradually given up even by those who were at first very 
much in favour of it*. 

From a meteorological point of view, the importance of this 
principle was, I believe, first brought forward by Sir Henry 
James +, who established the fact that in the heavy squalls of a 
gale of wind a barometer on the lee side of a wall had a lower 
reading, and one on the weather side a higher reading, than a 
third barometer placed without obstruction in open ground. 
More recently Professor Wild, of Bern, has shown that a south- 
erly gale blowing over the Alps and passing as an upper current 
over the valleys of the north-eastern part of Switzerland, more 
especially of the cantons Uri, Glarus, and Schwytz, draws the 
air of the confined valleys away with it, so as to cause a very 
marked depression of the barometer—and that in consequence 
air from above, which in passing over the mountains has been 
drained of its moisture and warmed by the heat of condensation, 
descends as a dry hot wind, which is almost peculiar to these 
localities, and is there known as the Fohnf. 

* For a full discussion of the merits of this system see ‘‘ Experiments on 
the relative value of the Furnace and the Steam-jet in the Ventilation of 
Coal-mines,” communicated to the North of England Institute of Mining 
Engineers by Nicholas Wood, President of the Society. Newcastle, 1853. 
1 Trans. of the Roy. Soc. of Edin. vol. xx. p. 277. 
{ Dr. H. Wild, Ueber Fohn und Hiszeit, 1868, p. 30. 
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Although very much larger, and having boundaries of a very 
different nature, the Antarctic is as confined as the valleys of 
Switzerland; and the friction which is continually going on at 
its exterior limits between the strong westerly winds and the still 
air inside must produce, or tend to produce, the same effect. It 
is impossible to form any reliable estimate of the effect which is 
really produced, because we know neither the absolute depres- 
sion of the barometer, nor how much of it is due to the centri- 
fugal tendency established by the rotation of the earth; but 
since the Swiss observations in the localities I have referred to 
give 5 to 6 millimetres as the barometric depression which pre- 
cedes and accompanies the setting in of the Fohn, we may con- 
sider that two-tenths of an inch is the most that can be attributed 
to a similar cause in the Antarctic. 

Into the comparative vacuum thus formed we might expect a 
certain portion of the air from outside to flow; and some does 
seem to do so, and to form a series of curling eddies on the inner 
or southern margin of the west winds; but the influence which 
these exercise on the west winds themselves is exceedingly small 
and altogether imperceptible. As, then, the west winds blow 
imcessantly, and incessantly abstract air from the Antarctic, and 
yet the pressure of air in the Antarctic remains nearly constant, 
it is clear that air must be continually, or at least frequently 
poured in to take the place of that which is carried away. We 
have no evidence as to where or how this supply is given; that 
offered by the northerly winds does not appear sufficient ; and if 
on such a point, in the utter absence of any positive knowledge, 
conjecture may be permitted, I would say that it seems not im- 
possible that, in consequence of the continual removal of air from 
the Antarctic, the atmospheric strata outside, at some unknown 
distance from the surface of the earth, are left so much above the 
strata of equal density inside that the eastward force is overcome 
by the pressure southwards, and that they flow over. A supply 
so given at the top of the column would clearly be regulated by 
the quantity of air previously withdrawn from the bottom; and 
when the great current of westerly wind has been blowing stronger 
and tearing away more air than usual, more air than usual will 
be poured in above; so that, after the strength of the westerly 
gale has abated, there will be an excess of air within the confined 
circle, which being compelled by the centrifugal tendency to move 
outwards, may show itself in some locality as a southerly gale. 

The arctic regions differ from the antarctic in many ways, and 
essentially in this; that whilst the Antarctic is open, bounded 
only by the westerly winds sweeping over an unbroken sea, the 
Arctic is shut in by the continental shores which extend round 
almost its entire circumference. The westerly winds, again, of 
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the northern hemisphere are neither so strong nor so regular as 
those of the southern, so that probably but little air is drawn 
out by their friction; but, on the other hand, the formation of 
the land, the trend of the coast and of the mountain-ranges, 
forces a very great deal of air from the south into the arctic 
circle. This is notably the case on the west coast of Norway, 
along which the atmospheric current flows into the polar regions 
im exactly the same way as the great current of the ocean (the 
Gulf-stream) does. Consequent on the centrifugal tendency, 
this would naturally be ejected; and a great part of it is ejected 
in a succession of gales, rather than in a constant wind, which 
find a vent on the east coast of Greenland or through Kennedy 
Channel; but the openings for escape are small; and it would 
appear that the resistance offered by the sluggish air resting 
over the continents of Asia and America resists even a consider- 
able pressure induced by the centrifugal tendency. The elastic 
force of the air in the Arctic is thus kept permanently greater 
than it would be if the area was open; and the barometer, although 
low, has not so great a depression as would seem due to the cen- 
trifugal tendency in such a high latitude. 

There is, however, in the neighbourhood of Iceland a small 
area in which, especially in winter, the barometer stands 
markedly lower than it does on its southern, eastern, or western 
side. After what I have said as to the effect on the barometer 
of the westerly winds circling round the antarctic regions, it 
would be unnecessary to dwell on the depression in this very 
small area further than to poit out that the westerly winds of 
the North Atlantic, the south-westerly and southerly winds of 
the coast of Norway, veering, before we lose sight of them, to 
south-east and reappearing on the coast of Greenland as north- 
easterly gales, form a circuit round Iceland which would suffi- 
ciently account for the existence of even a lower pressure in that 
neighbourhoed. But Professor Mohn, Mr. Buchan, and several 
others consider that this circuit of winds 1s due to the low pres- 
sure in the centre, round which they blow in a vorticose manner, 
the air being continually drawn in towards the place of compa- 
rative vacuum. If this is the case, what causes the low pres- 
sure? I have already referred at length to Mr. Buchan’s opi- 
nion that the low pressure is due to the relative heat. I have 
shown that Iceland cannot be considered an area of relatively 
high temperature, that areas of relatively high temperature do 
not necessarily become areas of relatively low pressure, and that 
the low pressure in the neighbourhood of Iceland cannot be due 
to any such cause. On the other hand, the westerly winds of 
temperate latitudes are incontrovertible facts. Thereis here no 

* question of their origin ; for, extending, as they do, right; round 
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the world, they certainly cannot be referred to the small patch 
of low pressure near Iceland. Whatever their cause, it is inde- 
pendent of this. But by the ordinary laws which regulate the 
motion of fluids, a current of air, such as that of the west winds 
which rage in the Atlantic through the winter, must, on striking 
against a barrier across its path, be thrown back on itself in a 
circling eddy ; and it seems to me a necessary consequence of 
the coast-line and mountains of Scotland and Norway that a 
large eddy should be formed just where we find the circuit round 
Iceland. It is therefore to the westerly winds of the Atlantic 
that I refer this circuit ; and it is to the circuit that I refer the 
low barometer near its centre. 

But if winds circling round any area tend to constitute it an 
area of low pressure (and I have shown that by the laws of the 
friction of fluids they must do so), a very remarkable anomaly 
is observed in each of the large oceanic basins, where, in the 
centre of the circuit formed by the gradual veering of the trade- 
winds on one side and of the west winds on the other, there is 
an area of distinctly high pressure. In the North Atlantic this 
area has from the earliest times borne the name of the Horse 
Latitudes; but it differs in no material point from the similar 
areas in the other oceans. The point of difference between 
these and the other areas in which a low pressure results from 
the circling of the wind suggests itself at once. The areas of 
high pressure are areas of warm, almost tropical ocean; and 
without referrmg to any hygrometric observations, we know 
that in these areas calms are frequent, and that during the calms 
the air at a high temperature must be tending towards satura- 
tion. Since, then, a great part of the air supplied to these re- 
gions from the polar or colder side enters with a mean tempera- 
ture cf 50° or 55° F., and containing vapour of an elastic force 
of °3 of an inch at the most, and remains warming itself, ex- 
panding itself, and drawing moisture from the ocean at a mean 
temperature of 65° F. till the elastic force of its vapour is not ~ 
less than ‘6 of an inch, we may fairly attribute the high pressure 
in these areas in a great measure to the increase in the elastic 
force of the vapour. 

These several instances of barometric variation are in a great 
measure typical cr representative; and considering them as 
such, I would sum up the analysis of them which I have at- 
tempted in a statement of the conclusions at which I arrive. 

By reason of the centrifugal tendency caused by the rotation 
of the earth, the height of the atmospheric column varies with 
the latitude; and with it the height of the barometer, if not 
controlled by other agencies, also varies, changing gradually 
fram about 29 inches near the poles to about 30:1 inches near’ 
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the equator. High and low pressure are therefore terms to be 
applied relatively rather than absolutely ; and the Arctic, witha 
mean pressure of 29°6, is in reality an area of high pressure ; 
the Doldrums, with a mean pressure of 29-9, an area of low. 

Owing to the distribution of land and water and the great 
meteorological disturbances introduced by it, the isobars, in 
point of fact, differ very widely from such a theoretical view 
as would make them coincide with parallels of latitude; but 
where one element decidedly preponderates, and where there 
are no geographical obstructions, as in the great Southern 
Ocean, they approach very markedly to this parallelism. 

A ruling temperature, whether high or low, does not appear 
to exercise any noticeable influence on the pressure ; but a tem- 
perature that is changing produces a tendency which is often 
shown rather by its effect on atmospheric movement than by 
the sluggish barometer; and this tendency is according to the 
ordinary laws of the expansion and contraction of gases, and 
quite in opposition to that which has been proposed by meteoro- 
logists: an increase of temperature tends to cause a high baro- 
meter and to give rise to an outward movement ; a decrease of 
temperature, on the contrary, tends to make the barometer fall 
and the air move inwards. 

The permanent presence of aqueous vapour in the air has no 
sensible effect on the barometer ; but in confined districts where 
aqueous vapour is forming freely the barometer ranges high, 
and where there is much rain (that is, condensation) it ranges 
low. 

Where the prevailing winds blow strongly into a corner barred 
by mountains, as in Siberia, or bifurcate against a line of coast, 
as against the coast of the Spanish peninsula or California, the 
barometer stands high in consequence of the mechanical com- 
pression of the air; and where the prevailing winds circle round 
any area, or sweep past the opening of a confined district, the 
barometer stands low in consequence of the abstraction of the 
air by friction. 

According to these conclusions, the mean barometric pressure 
at any place, or for any season, depends principally on geogra- 
phical conditions, on latitude, on the relation between land and 
sea, on the trend of the coast-line, on the direction and height 
of mountain-ranges, and on the nature and characteristics of the 
prevailing winds. Since, however, these geographical condi- 
tions remain constant, or vary only with the season, they do not 
appear to account for the deviations from the mean pressure 
which the barometer is every day showing. But the conclu- 
sions which I have referred to these conditions are founded, not 
only ona vast mass of geographical evidence, but on the known 
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laws which govern the expansion, the contraction, the compres- 
sion or the rarefaction of gases, and hold true wherever they 
may be properly applied; so that, descending from great to 
small, and from regular to irregular, we may fairly argue that 
agencies which we can show regularly produce certain results on 
the largest scales are capable also of producing similar effects, 
even when the scale 1s limited or their mode of action constraimed 
or distorted. 

[To be continued. | 

XLV. On Subaqueous Vision. By R. HK. Duperon, M.D.* 

eee dioptrical apparatus of the human eye consists mainly 
of two transparent media :—(1) the aqueous and vitreous 

humours with nearly the same index of refraction, which differs 
inappreciably from that of water; (2) the crystalline lens, 
the mean index of refraction of which is variously stated to be 
from 1°383 to 1-455. We may leave out of consideration the 
cornea and the capsule of the crystalline lens, as, though the in- 
dices of refraction of these membranes differ from those of the 
other dioptrical parts of the eye, their respective surfaces being 
parallel prevents them having any material influence on the 
passage of rays of light to the retina. 

The radius of eunyative of the cornea, which bounds the ante- 
rior surface of the aqueous humour, is (according to Donders, 
‘ Accommodation and Refraction of the Kye,’ p. 67) 8 millims. 
(=°52 inch). The radius of curvature of the anterior surface 
of the crystalline lens (which forms the posterior concave surface 
of the aqueous humour) is, according to the same authority, 10 
millims. (='4 inch). The shape of the aqueous humour is con- 
sequently a meniscus ; and as its thickness is 3 millims. (=:12 
inch) and its index of refraction 1°336, its absolute principal 
focus, ascertained by Sir D. Brewster’s rule (Optics, p. 23), 
will be 46 millims. (=1°8 inch). 

The shape of the crystalline lens is a double-convex lens of 
unequal convexities, the anterior surface (when accommodated for 
distance, 7. e. when the accommodation is at rest) having a radius 
of curvature of 10 millims. (=*4 inch), the posterior one of 6 
millims. (=°24 inch). The thickness of the lens bemg 5 mil- 
lims. (='2 inch), and its mean index of refraction (taking Sir 
D. Brewster’s calculation) 1°383, its principal focus in air will 
be 6 millims. (='24 inch). Butas itis suspended in a medium 
whose index of refraction is 1°336, the sine of the angle of inci- 
dence of the rays of light is to the sine of the angle of refraction 

* Communicated by the Author. 
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as 1°383 to 1:336, and its focus in this situation will therefore 
be 24 millims. (nearly 1 inch). As, however, it receives the 
rays of light already deflected by the more convex anterior 
aqueous meniscus, its actual focus in the eye is 18 millims. 
(=°7 inch), or precisely the distance of the posterior surface of 
the crystalline lens from the retina in the axis of vision. 

Listing (Dioptrik des Auges in Wagner’s Handwérterbuch der - 
Physiologie, quoted by Donders Joc. cit.) makes the mean index 
of refraction of the crystalline 1°455 ; and this index Donders ac- 
cepts as the true one ; but asimple measurement according to Sir 
D. Brewster’s rule will show this to be too high an estimate ; 
and Donders himself (p. 62) admits that it may be too high. 

In the foregoing calculations I have assumed the surfaces of 
the cornea and crystalline lens to be spherical ; but their actual 
shapes, as determined by Chossat by careful measurements of 
the eyes of oxen (Annales de Chimie et de Physique, vol. x.), are 
not quite spherical. That of the cornea is an ellipsoid of revo- 
lution round the major axis, whilst those of the erystalline lens 
are ellipsoids of revolution round the minor axis of the ellipse. 
The effect of these shapes will be to make the central portion 
of the cornea more convex, and the central parts of the surfaces 
of the crystalline less convex than if they were segments of 
spheres. But for all practical purposes they may be regarded 
as spherical. 
When the eye is immersed in fresh water, which has the 

same index of refraction as the aqueous humour, the latter ceases 
to refract the rays of light transmitted to it through the water, and 
the crystalline becomes the only refracting medium in the dioptric 
system of the eye. But, as has been stated, the crystalline sus- 
pended in a watery medium has a focus of 24 millims. (nearly 
1 inch), consequently 6 millims. (=°24 inch) beyond the retina, 
and distinct vision is destroyed. 

Obviously the restoration of distinct vision below water can 
only be effected by supplying the loss of the anterior aqueous 
meniscus of the eye by means of a lens of equal power. We 
have found the aqueous humour to be a lens whose principal 
focus is 46 millims. (=1°8 inch); so all we have to do is to 
place before our immersed eye a lens having a similar focus in 
water. A glass lens which has such a focus in air has a focus 
of upwards of 7 inches in water, because the sine of the angle 
of incidence of rays of light on a glass lens in water is to the 
sine of the angle of refraction as 1°500 to 1°336, in place of being 
as in air 1500 to 1. So if we use glass we must take a lens 
whose focus is only ‘45 inch in air, which will have a focus of 
1°8 inch in water, and thus supply the place of the lost lens of 

_ the‘aqueous humour. Practically we find this is so; and with 
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a pair of spectacles fitted with lenses of that power we can see 
near and distant objects when we are below the water (provided 
it is perfectly clear) as distinctly as we can with the naked eye in 
the air. 

But such spectacles are attended with the obvious defect that, 
though they give perfect vision below the water, they completely 
destroy vision except for objects within half an inch distance 
above water; and the swimmer would find it extremely 
awkward to have to adjust his spectacles to his eyes every time 
he dived, and remove them whenever he came to the surface. 
Therefore, for practical purposes, it would be desirable to pos- 
sess spectacles which, while giving perfect vision below water, 
would offer no impediment to vision in the air. 
A consideration of the media (air and water) engaged in the 

case of the anterior lens of the eye lost by immersion led me to 
the solution of this problem. 

By causing the rays of light to pass through the water com- 
pelled to assume a convex shape and transmitted through air 
before reaching the eye, a lens of almost any required power 
may be constructed. Our object would be attained by a reversed 
air-meniscus (concavo-convex lens) formed by segments of thin 
glass globes with radii of curvature corresponding to those of the 
aqueous humour. But such a lens would be troublesome to 
construct and too small for use; and the same object can be 
attained by employing air-lenses of larger dimensions. I found 
that two segments of a glass globe of somewhat less than 2 inches 
diameter, arranged with their concavities outwards and united 
round their edges by a ring so as to form a double concave air- 
lens, when immersed in water, forced the water into the convexity 
required for refracting the light to a focusof 1°8 inch. The con- 
vergence of the rays thus produced is equal to that caused by 
the aqueous-humour lens in air, and suffices to effect the short- 
ening of the focus of the crystalline required to bring the image 
to the retina, thus supplying the place of the extinguished lens 
of the aqueous humour and restoring perfect vision below water. 
A pair of spectacles fitted with lenses of this description does 

not materially interfere with vision in the air, and gives perfect 
vision when we plunge below the water. I have constructed 
air-lenses of similar power by arranging together segments of glass 
globes of different diameters, as 14 inch with 24 inches diameter, 
13 inch with 2 inches, and so on. I likewise found that good 
vision below water is obtained by lenses of various powers ranging 
between 13 inch and 2 inches focal length, though probably the 
best vision for both near and distant objects below water is ob- 
tained by lenses of the power indicated above. With these, 
smal] type may be read easily and distant objects distinctly per- 
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ceived. The faculty of accommodation possessed by the eye ac- 
counts for this power of seeing distinctly through lenses differ- 
ing slightly in focal length. 

The principle of a concave air-lens in an aqueous medium 
can be applied to the construction of object-glasses of micro- 
scopes for examining objects in water. For this purpose it is 
best to imitate the construction of the object-glasses of ordinary 
microscopes, and make the lower surface of the air-lens plane 
while the upper is concave. ‘There is hardly a limit to the mag- 
nifying-power of such glasses ; but I do not suppose that a lens 
of greater power than 4 of an inch focus will be required; and 
probably one of 4 an inch focus, or even lower power, will suf- 
fice for what I believe they will chiefly be used for, namely the 
observation of the operations and organs of minute aquatic or- 
ganisms. 

XLVI. On the Determination of the Height of the Atmosphere. 
By Maxwe.u Hatt, of Pembroke College, Cambridge*. 

KT p and p be the pressure and density of the air at any 
point above the surface of the earth; let g be the force of 

gravity at this point, and r its distance from the centre of the 
earth. Let 7, Po, Jo, and 7 be their values at the point on the 
earth’s surface vertically below the former, and let z be the dis- 
tance between these two points. 

Suppose for the present that the temperature is 0° C. through- 
out the atmosphere, and neglect the effect of moisture and of the 
increase of the centrifugal force due to z; then, if in the equa- 
tions Joao ogee Se Veer atm as laa ar aie Saag 

dp _ Se Te Eg ee (2) 

Z —2 

g=9o1+ =) Sseeshiahronpannnwe Peet 2155 

we put ¢=0, and k=agp, we shall get by integration 

Po ad alog —= ; 

i+ 
"0 

or, approximately, 

Poe: = =) 
log. 1 a 1 r. (4) 

whence 

Pea ee : »i{S) 

* Communicated by the Author. 

ee 

ee la SE SS ee ie ee 

a oe 
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The value of a is to be found from the equation pyp>=agopo; 
where 1s measured by means of the mercurial barometer. 
Since & is constant, a will vary with the latitude; but its mean 
value for the whole earth is about 4°94 miles. 

Thus the whole pressure of the atmosphere is equal to the 
whole pressure of a homogeneous atmosphere whose density is 
Po and height a; and in consequence a is termed the height of 
“the homogeneous atmosphere.” 

Let 75>=3958'4 miles, then a sphere of radius 7, will be equal 

in volume to the earth, and therefore = §(a+r9)>— 73} will be 

the volume of the homogeneous atmosphere; and its weight 
will be $7r99P9{(@+79)?—73+, which must be carefully distin- 
guished from its whole pressure on the earth’s surface, which is 
evidently equal to 4zraggpor?. 

The weight 4 mg op9{(@+79)*—79} 1s approximately equal to 

drvagepers | == <} ; and if / be the height of the exterior sur- 
0 

face of the atmosphere above the surface of the earth, we get 
roth 

deraggpg'2 | + “} =| Angpr’dr, . . (6) 
0 10 

an equation to determine h. 
z = 

But gr? — Gate, te = Da a from (5), and r=z+r79; 

therefore equation (6) becomes 

au f “(ieDa 
(:- =) call 2 

Ee aC =e %,E€um=E “e+ = — 
"9 

approximately ; we can now integrate ; and dividing by a, 

Again, 

h h 
rae tail fall Sst + §2q2—e~ (A? + 2ah + 202)? ; 

To aro 

h 2 Q a =eed 14 hah 2a \, 

ry ary 

and taking logarithms, we get, finally, 

Paired yale eel ee, 2 Ue 
a Pe gy ain 

therefore 

which may easily be awed by approximation; the resulting 
value of / is 33°4 miles. 
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To consider the effect of temperature and moisture upon this 
result, suppose that the force of gravity is constant; then, since 
a =0:003665 when ¢ is expressed in the Centigrade scale, we 
may safely neglect any terms whose coefficients are the second 
or higher powers of «; and therefore from (1) and (2) we get, 
by eliminating p, 

=. = —(1—at); p dz 
therefore : 

clog, p=C—z+a{ tdz, 
e 0 

where C is some constant introduced by integration. 
Now there is no fixed relation between ¢ and z, so that we 

cannot integrate any further ; but | idz=zt,,, if t,, be the mean 
0 

temperature of the column of air whose height is z, and hence 
we get 

a(l + at.) log ae 

and thus the temperature may be supposed to combine with the 
moisture in making @ variable; for Professor Airy (On Sound 
and Atmospheric Vibrations) has shown that if the tension of the 
vapour be equal to mp, then the height of the homogeneous 

l+m 

1+23m/° 
Thus our result will be corrected for temperature and moisture 

if in equation (7) for a we write 

atmosphere will be a( 

a(1-+ tw) TF om) ould os! @lGhitias 

Now since ¢,, can never be accurately determined for any time 
and place, it follows that / cannot be accurately determined, and 
a more rigorous investigation would be practically useless; we 
proceed to obtain a probable value of ¢,, for these latitudes, or 
for the whole earth. 

Sir J. Herschel has shown (Meteorology) that an equation, 

t=T)+ T\p HTP’, 

exists between the temperature and pressure at any point in the 
atmosphere out of reach of local disturbing causes, in which 79, 
T,, and 7, are constants for only a short space of time, and which 
must therefore be determined by balloon-ascents when required. 
Their mean values for these latitudes, the temperature being 
measured in the Centigrade scale, and the pressure in inches of 
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mercury, are approximately 

T= —66'111, 
T= + 5:037, 

T= 0:074, 

the temperature being 18° C. at the surface of the earth*, and 
—66° C.. at the confines of the atmosphere. 
Now if we put f=¢(p), the mean value of ¢ for a column of 

air extending from the surface up to a point where the pressure 
is p, 1s 

(spa 
Pi 

Powrht 
Po 

and therefore ¢,, = =| (p)dp; and taking pp to be 30 inches, 
OvV0 

nm =a 18° C. 
Again, if the mean tension of the vapour be taken as 0°3 inch 

for the whole atmosphere, m will be 0-01; and the effect of 
temperature and moisture is to diminish the height of the homo- 
geneous atmosphere by 0°22 mile. Substituting this corrected 
value of a in equation (7), we get, finally, 

h=382°1 miles. 

With regard to the free surface of the atmosphere, it is not 
necessary to suppose that the elasticity of the air there is de- 
stroyed by intense cold; it is sufficient to say that at the surface 
the elastic force is counterbalanced by the force of gravity. 
We shall now compare this result with that obtamed by ob- 

servations on the twilight arc, which give the depression of the 
sun below the horizon when the last gleam of daylight disappears. 

But this depression varies with the latitude and with the time 
of the year, and can never be accurately determined in conse- 
quence of the dispersion or scattering of the ight due to the 
presence of vapour, or rather of particles of water suspended in 
the air, during its passage through the lower strata of the atmo- 
sphere. 

The angle of depression is said to be from 16° to 17° in the 
tropics, and from 17° to 21° in higher latitudes (Chambers, 
‘Astronomy’); and since the presence of vapour dissolved in 
the atmosphere will tend to increase the refractive index of the 
air, and since vapour inthe form of particles of water will scatter 

* The mean temperature of the earth’s surface is not the mean of the 
equatorial and polar temperatures. Brewster’s formula, ¢F.=81°°5 cos lat., 
gives as the mean temperature 64° F., or 18° C. 
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the light, both these causes of irregularity will tend to increase 
the angle of depression, and it is obvious that we must employ 
the lowest value observed if we base our calculations upon the 
properties of dry air. We shall therefore suppose that the angle 
of depression isa little greater than 16°, with a probable error of 
about +30!. 

Let a ray of light from the sun, SF, be refracted so as to 
touch the circular section of the earth at D, and, refracted again 
to the same extent, cut the exterior circular section of the atmo- 
sphere at L. By reflection at L and by refraction this ray again 
touches the earth at A, causing the last gleam of twilight at A. 

Let AH and BDG be tangents both to the ray and to the 
earth at the points A and D respectively; produce SF to K, 
cutting BDG in G. 

Let @ be the angle H KS, the depression of the sun below the 
horizon; ¢ the angle of horizontal refraction BGK, and v the 
angle i CB. Then 20= ZHBD = 0 — @, and therefore 
v=4(0—¢). 

Let S’ L be the tangent to the ray at L, then all the circum- 
stances attending the ray LA are the same as though the ray 

Phil. Mag. 8. 4. Vol. 41. No. 274. May 1871. 2B 
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proceeded from some object at S’; let J, be the angle BLN’, 
then (Main, ‘Prac. Astron.’) 

sin /, To, Ho, 
sin Z TT aR ee 

where 2, the apparent zenith distance, is in this case 90°, and 
Hoy Pn the refractive indices of dry atmospheric air at the surface 
of the earth and at the highest point of the atmosphere respec- 
tively. The value of sy is 1000294, and that of Hn 18, of course, 
unity. 

But L.—o=2z—0; 

therefore 
1,=90° + 6—v=90° —4(6—36), 

and therefore 
To +h= foro sec 3(9—3¢); 

and if we take }(9—3¢) to be 7° 15'+15!, the resulting value 
of 4 is 83 miles + 2 miles. 

This result found by refraction is therefore in accordance with 
the value of A already found by means of the elastic properties of 
air ; but, as we have already said, this method does not admit of 
any accuracy. 

With regard to that medium whose existence is made apparent 
by shooting-stars, and by displays of the aurora borealis at great 
distances above the earth’s surface, there is very little to be said 
at present. Ifit is a ponderable fluid of definite extent, it must 
be of a different nature to atmospheric air, and it will bear about 
the same relation to the atmosphere that the atmosphere itself 
does to the ocean surrounding the earth; but whatever may be 
its nature, it must be distinguished from the atmosphere proper, 
the subject of the above article. 

XLVII. On the Attraction of a Terminated Straight Line. 
By Professor Cayuny, F.R.S.* 

RITE for shortness (a, b, c; €) to denote the shell included 
between the ellipsoids 

22 ~ 

atiet +3=1 and te = (1+e)? 

(where e€ is indie small) ; ae z the ellipsoids 
2 y? 2 
atts 2 =land- ae j=l 

are confocal, the attractions of the shells (a, 6, c; «) and (a',b', c’; €) 
upon any exterior pomt P are proportional to their masses. 

* Communicated by the Author. 
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Hence, considering a prolate spheroid of revolution, c=0, the 
attractions of the shell (a,5,6;¢) will be proportional to those 
of the shell (/a?—h, /b?—h, /b2—h;e); or if, as usual, 
6?=a?(1—e?), then, if increases and becomes ultimately equal 
to 5?, to those of the shell (ae, 0,0; ¢); viz. this last is the por- 
tion of the axis of 2 included between the limits v= —ae, 
“%=-+ae; or say it is the terminated line v= +ae; and I say 
that the mass is distributed over this line uniformly. 

To see that this is so, observe in general that, in the spheroid 
Pea 2 1: 92 
a 49 suet | the volume included between the planes x=a, 
a b'? 2 

12 
%=a+ da, is = (y?+2*)da, =n(o— A a) das and thence, 

writing a/(1+e), 5'(1+e) for a’, b', in the shell (a’, J, 5’; €) 
the volume included between the planes r=a, rv=a+dea is 
=77b'?,2eda; viz. this is independent of «, and simply propor- 
tional to dz. Hence, writing 6'=0, when the shell shrinks up 
into a line, the mass must be distributed uniformly over the line. 
It follows that for a line of uniform density the equipotential 
surfaces are each of them a prolate spheroid of revolution having 
the extremities of the line for its foci, and that, if we have a 
shell bounded by any such surface and the consecutive similar 
surface, with its mass equal to that of the line, then such shell 
and the line will exert the P 
same attractions upon any 
point P exterior to the 
shell. The attractions of 
the line are obtained most 
easily by means of its po- 
tential; viz. taking S, H 
for the extremities of the 
line, and, as above, the § 0 H M 
origin at the middle point, and the axis of z in the direction of 
the lne, and writing 2ae for the length of the line, x,y,z for 
the coordinates of P, and 7, s for the values of H P, S P (that is, 

r= V (w—ae)?+y?+2%, s= V (x4 +ae)?+y2+2), then the po- 
tential is at once found to be 

Veen Z2-aet+s. 

Og—aetr 
and we can hereby verify that the equipotential surface is in 
fact a spheroid of revolution having the foci S, H; for, taking the 
equation of such a spheroid to be 

a? y®+22 a 

a? a*(1—e?) 
2B2 
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(a is an arbitrary parameter, since only the value of ae has been 
defined), we have 

s=at+er, r=a—ex; 
and thence 

“x+ae+s=(1+e)(#+a), 

x—ae+r=(1l—e)(x+a), 

and the quotient is = abe. a constant value, as it should be. 

The equation V= const. may in fact be written 

Loe a Sales : 

l—e- a S0e rr 

viz. this equation, apparently of the fourth eee brea up into 
2 

the twofold plane y?=0, and the spheroid + gqsanh 

The foregoing results in regard to the tact of a line are 
not new. See Green’s ‘ Essay on Electricity,’ 1828, and Collected 
Works, Cambridge, 1871, p. 68; also J oachimsthal, “On the 
Attraction of a Straight Line,” with Sir W. Thomson’s Note, 
Camb. and Dub. Math. Journ. vol. iii. (1848) p.93; but it does 
not appear to have been noticed that they are, in fact, included 
in the theory of the attraction of ellipsoids. 

The like considerations show that the attractions of the ellip- 
soidal shell (a, b,c; €) eae es at point are equal to those 

aaa =], the mass of which 

is equal to that of the shell, Pe whch has the density at the 

of an elliptic disk z=0, ae eu es 

point (#, y) proportional to ae meee = se 

Sir W. Thomson informs me that the foregoing results have 
long been familiar to him. 

XLVI. On Fractional Criticoids. By Sir James Cocxkte, 
F-.R.S., Corresponding Member of the Literary and Philosophical 
Society of Manchester, President of the Queensland Philoso- 
plical Society, &c.* 

l. ee is a conformity between the rational and entire 
algebraical expression (or, as we may call it for the sake 

of brevity, quotic) d(2, y,..) and the SRR differential 

expression (or, as we may call it, quotoid) (i a s ne :} Coeffi- 

rd 
* Communicated by the Rey. Robert Harley, F.R.S. 
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cients, whether variable or constant, in the latter are as different 
in their nature from the differential symbols to which they are 
attached as the coefficients in the former from their accompany- 
ing variables. Suppose that ¢ is of n dimensions, and that, in 
the quotic, x,y, .. are respectively changed into ++ &, y+7,.. 
and that &,7,.. are so determined as to cause the coefficients of 
z”—', y”—!,.., which must be distinguished from those of ry”, 
yx2"—1,.., to vanish. Call this a critical transformation, and let 
the other coefficients, excepting those of x”, y”,..2"—!y, ay", .. 
which are unchanged, be called, after the conditions of such 
evanescence are satisfied, critical functions. When all the cor- 
responding critical functions of two quotics are equal, each to 
each, then, if the quotics are of the same degree, one quotic is a 
transformation of the other. If they are not of the same degree, 
then a transformation will render them uniform. 

2. When there is only one variable, critical functions have, in 
the differential calculus, analogues discussed in my paper “ On 
Criticoids ”’ in the last March (1870) Number of this Journal*. 
These criticoids are obtained in consequence of the analogy be- 
tween the linear transformation of a quotic in one variable and 
the factorial transformation of a quotoid in one dependent and 
one independent variable. Quotics with more than one vari- 
able correspond to linear partial quotoids with one dependent 
variable and as many independent variables as there are variables 
in the quotics, and whereof the orders are the same as the de- 
grees of the quotics. In pursuing the analogy between the 
linear transformation of quotics and the factorial transformation 
of quotoids, I shall confine this paper to quotics of the second 
degree in two variables, and to the corresponding quotoid of the 
second order with one dependent and two independent variables. 

3. Let, then, 

h(a, y) =ax* + 2hay + cy? + 2cx+ 2%fy+9, 

and we have 

bet &, y+) = ax? + 2bay + cy? + 2ra + 2Qwy +H (E, 0), 
where 

A=aé+bn +e, 

p=bé+en+f. 

EX + ny = ak? + 2bEy 4+ en? + e&+fn ; 

and when, as in the critical case, X and wu both vanish, the last 
three equations give on reduction, 

(1) 
Hence 

™% * Phil. Mag. S. 4. vol. xxxix, No. 260. pp: 201-211. 
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bf —ce _ be—af 
at Ge pe Op pe. 

O=¢4(&,7)—-e&—-fn—g. - »- » «© + () 
Consequently 

Pet, y+) =aa* + bay + cy? +eE+ int 9; 
and the transformed quotic is therefore 

5, elbf—ce) +f(be—af) ax? + 2bay + cy*+ aa auys 9s 

whereof the absolute term, or critical function, may be equated 
with either side of the identity, 

e(bf—ce) + f(be—af) +9 (ac—b?) re 2bef—af* —ce? in 
ac—b? ac—b? 

4. When the equations, whereof any two entail the third, 

Det OME WE 
Ae oe ow ge Tae 

are, one or more of them, satisfied, we have particular cases of 
the transformation. If all are satisfied, the given quotic may be 
written 

] 
I (ax + by)? +2— (ax+by)+ 9. 

In such a case » is a multiple of A, the equations A=O and 
j»=0 are no longer independent, the quotic in substance involves 
only one variable, and the critical function is 

= (a£ +3n)°—2 © (ak-+dn) +9. 
If we use the symbol & as a general representation of critical 
functions, and reduce the formula last preceding by means of 
r1=0 or w=0, we have 

k os = /> as 

which, in virtue of the relations 

C: ASGE sis 
Cciicon en 

may be written in various forms. When ac—6?=0, and e=0 
and f=0,we havea still more restrictedquotic. Whenac—b?=0, 
and the other equations of the group (8) are not satisfied, then 
there is no critical transformation. When a, 8, and e, or when 
6, c, and f vanish, we again have restricted quotics. 

5. When be—af=0, and the other equations of the group (3) 
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are not satisfied*, we have ; 

g=—<, 7=0, k=g— = Te Ane 

and when 6f—ce=O, and the other equations of the group (3) 
are not satisfied, we have 

ie of. 
b oO, 7 — =e (papel ae 

In the first case we have a€+e=0, or b£+f=C; and in the 
second we have cn +f=0, or bn +e=0. All four forms are 
embraced in the group (1). When the general critical function 
becomes a vanishing fraction, we see that the limiting value of 
the fraction gives the particular critical function. For the com- 
parison by the above process of the critical functions of quotics, 
it is of course necessary that the coefficients of the leading terms, 
or terms of highest degree, in one should be equal to, or the 
same multiple of, the corresponding coefficients in the other. 

6. In order to pursue the analogy between quotics and quo- 
toids, let 

vr (z) =ar+2bs + ct + 2ep+2fq4+g92, 

wherein p, qg,7,s,¢ have the meaning usually assigned them in 
the theory of linear biordinals, and the coefficients a, b,c, e, f, g 
are in general functions of the independent variables # and y. 
Also let the differential coefficients of a certain auxiliary quan- 
tity ¢ be represented as follows: 

d? a7 d? d d 
“=p, ia =o, ae ’ =, Bat 

and form the expression e~Sy(e%z); that is to say, substitute e°z 
for z in the quotoid and divide the result by ¢*. The result, so 
divided, will be 

ar + 2bs + ct + 2Ap+2uq + Oz, 

* When be—af=0, then 

Qhef—af —ce*=(b?—ae) © = (b*—a0) = 
and 

bf —ce =(b?—ac) = = (b°—ac) i, 

and when 4f—ce=0, then 

Qhef —af?—ce?=(B?— ac) = (b= ac) a 
and 

be—af=(b?—ac) - =(b?— ac) > 

When both conditions are fulfilled, the values of € and 7 are more general 
than when one only holds, 
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wherein A and yw have the respective values written opposite to 
them in the group (1), and 

O=a(p + &) +20 (o +E) +e(r +7°) + 2e& + fn +9; 
or, recurring to the notation of art. 3, 

0=ap+2bo+crT+ P(E, 7). 

In the critical transformation both % and pw vanish. Hence, 

by (2); 
O=ap+2bs+er+eE+fntg. . . . (4) 

Again, 
dn de 
ant Bose ont 

de dc df 
fe abotert —— gia 

Consequently 

ON yg GBs 
eee 

=| df 

+o e+ +(T+5)0 nt 4 

Hence, UE in a 

@=(e—E—S Jes ((- —Snty- ZF; . ©) 
and this will A the criticoid, provided that the values of & and 
n, given in art 3, satisfy the condition 

Si SR SL 
dy dy dy dx dx dy dz 

Since is not, in general, obtained by the solution of a differ- 
ential equation, it is necessary to test the desired transforma- 
tion by the condition 

dE dy | 
aiidels| 2 (6) 

When this condition is satisfied we have, for determining b the 
equation 

g= | (Ede + ndy). 
If (6) is not fulfilled the transformation cannot be effected. 

7. In dealing thus far with the quotoid none of the conditions 
(3) are supposed to hold. Now, assume that be—af=O alone 
obtains. Then 
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and, by (6), we must have 

ala) a(p)=% 
f in other words the fraction - or must be free fromy. If this 
b 

be the case, then 

t=—(Ede=—|F ao, 
and the criticoid is 

da db e de df 

eae a ae 
8. Next, of the group (3) let 6f—ce=O alone be satisfied. 

Then 

E=0, 7=——-=—-—; c me 

£()=£()-0 
if that is to say, the fraction os ; must not contain y. If this 

and, by (6), 

be so, then the criticoid is 

0= (7+ tI ay 

c= — [5 y= (Lay, 

In this and in the preceding case the criticoid may be written in 
various forms, determined by the mode of elimination. 

8. Let all the equations of the group (3) be satisfied. In this 
case multiply the given quotoid into a, and it becomes, after the 
elimination of ¢ and f, 

a*r + 2abs + b?t + 2¢€(ap + bq) +492 ; 

and if we transform this last quotoid, and divide the result as 
before, we have the transformed and divided quotoid, 

a*r + 2abs + b?t + 2n(ap + bq) 

+ a (p + &) + 2ab(o + Fn) + (r+ 9°) + 2e(ak + bn) tags 2=X(2); 
wherein has the value written opposite to it in the group (1); 
that is to say, 

and 

A=aE+bn+e. 
Hence 

(a& + bn) N= aE? + 2abEn + bn? + e(aé + bn) =0, 
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since, in the critical case, A vanishes. Therefore we may now 
write 

\ (2) = ar + 2abs + bt + Sz, 
where 

= a*p + 2abo + br + e(a&+bn) +49. . ea 
But 

da 
a— +b6— )’\=a? p+ abo +B%r+ (are +0 9 
(ar zn) dl. abe 

de de +(0% 4, +6 7nteg, +65 =0. 

Hence, by substitution in (7), 

dd ode db db de de 
9=(ae—aF —b 7, Jet (be—a ds —1o nae me ag. 

Aud this is the criticoid, very general in its nature; for inas- 
much as the two equations of the group (1) are now equivalent, 
one to the other, € is to be determined from the linear partial 
differential equation of the first order, 

oF +1 7 te= 0 - Ss ge 

and the condition (6) will then be satisfied identically. 
9. If the sum of the first two terms of 3, viz. 

(4 E "ak + (= ses “6 
dx a dy bdxe dy 2 

be proportional, term for term, to a&+ bn, then 

da _b da. .db adi 
a Gay ay ae? le os esas een 

and when (9) holds, then, in virtue of \=0, or of (8), the criti- 
coid becomes, after reduction, | 

da  bda -(¢ bde _ 

and we have the paradox of a oe criticoid obtamed by an ~ 
arbitrary transformation. The explanation of this anomalous 
result is as follows. 

10. Let D and A be symbolical operators defined thus, 

aed d ew a gar 
D= Cat lag A= TIE gana Pe aye 

then, an operator operating upon all that follows, 

pe=DD=A+ (at +54 “| = +(e tee 
dx dx to ag 
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Hence, when (9) holds, 
da  bda 

2— baat Bj aye D=A+(— +25), 
and the quotoid of art. 8 may be written in either of the forms, 

{ A+2eD + ag z. 

4 De+ (2-2 a : =) ae 

But this last result admits of the symbolical decomposition 

(D+ U)(D+u)z, 

provided that U and wu satisfy the equations 

da b da 

Du+ Uu=ag. 

Substituting im the latter the value of U obtained from the 
former, transposing, and replacing D by its equivalent, we have, 
for determining w, the partial equation of the first order, 

gt du _ da bda 

iT: ate let A=0 be any solution whatever of bdx—ady=0. 
Then, as we see by (8), the form of will, in general, be €=8+B, 
wherein £ is a definite function of y and z, and Bis an arbitrary 
function of A. Moreover DA=O, and therefore in general 
DB=0 and (D+u)Bz=B(D+u)z. Consequently the trans- 
formed and divided quotoid becomes successively 

e8-B(D + U)(D+ uj tPz=e-F-B(D + Ule®(D+uje®z 

=e8(D+U)(D+u)cFz; 

and it is seen that it is only the definite portion § of ¢ that acts 
effectively in the transformation. It may be noticed in passing, 
that since, if (D+wu)z=0, then also (D+u)Bz=B(D+u)z=0, 
therefore the solution of the partial linear and homogeneous 
differential equation of the first order may be written in the form 
BB+ 8,B, whenever it admits of the form 86+ 8,B,. When the 
condition (9) is fulfilled, then, equating the quotoid toa function 
of x and y, we have a soluble differential equation. When (9) 
does not hold, arbitrary functions enter mto the criticoid, and 
give a wide range of transformations of the quotoid last discussed. 

12. Thus the general quotic, wherein the coefficients are con- 
stant, and the quotoid wherein the coefficients are variable 

or 
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possess analogous properties, provided that in the latter the con- 
dition 

f (fo) oe) 
dy \ac—b?/ = dz \ac—b? 

is satisfied. When all the coefficients of the quotoid are constant, 
then (11) is satisfied, and the critical functions and the criticoids 
have the same forms and values. In other cases they, in general, 
are of different forms and values. When the group (8) holds 
both for quotic and quotoid, and the coefficients of the latter are 
constant, the critical and criticoidal functions are substantially 
identical. When such coefficients are variable, and a, 6, and e 
are equal, then the critical and criticoidal functions have the 
same form, though not the same value. When (9) is satisfied, 
the criticoid is definite. When (9) is not satisfied, the criticoid 
contains an arbitrary function, which should be so assigned as 
to give the simplest or most useful transformations. The name 
fractional criticoids sufficiently marks the criticoids discussed in 

this paper. 

“ Oakwal,”’ near Brisbane, Queensland, 
Australia, January 11, 1871. 

XLIX. Ona Theory of the Mutual Action between Electrified and 
Magnetized Bodies. By Professor Cuatuis, M.A., F.R.S., 
F.R.AS.* 

[ HAVE given a theory of Electric Force in the Number of 
the Philosophical Magazine for October 1860, a theory of 

Galvanic Force in that for December 1860, and a theory of Mag- 
netic Force in the Numbers for January and February 1861. 
The same theories are reproduced, with corrections and amplifi- 
cations, in my work ‘On the Principles of Mathematics and 
Physics.’ It is known from experiment that these three kinds 
of physical force are distinctly separated from each other in re- 
spect to the conditions under which they are generated. For 
the generation of electric force it is necessary to employ friction ; 
galvanic force has its origin in the chemical action between two 
dissimilar substances in contact, or in a tendency to such action ; 
and magnetic force is due either to the natural condition of sub- 
stances like the loadstone, or to artificial magnetization. The 
experimental evidence of the reality of these forces is derived, 
as in the case of the force of gravity, from the motions, and ac- 
celerations of motion, which they are observed to impress on 
visible or tangible substances. 

Now, according to the above-mentioned theories, the three 
* Communicated by the Author. 
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kinds of force, although originating in such different circum- 
stances, are all modes of action of steady currents of the etherial 
medium. ‘This general result gives the means of accounting at 
once, on hydrodynamical principles, for the mutual action, ob- 
served by Oersted, between the rheophore of a galvanic circuit and 
a magnetized needle. (See art. 18 of the “Theory of Galvanic 
Force” in the Philosophical Magazine for December 1860, and 
‘Principles of Physics, pp. 611 & 612.) But the same result 
points to a mutual action between an electrified body and a mag- 
netized body. I have, in fact, indicated in art. 18 of the com- 
munication in the Philosophical Magazine for October 1860, that 
the etherial currents which account for electric force and those 
which account for magnetic force are generated under like cir- 
cumstances ; that is, in both cases a gradation of the interior 
density of the substance gives rise, in consequence of the earth’s 
motion through the ether, to secondary etherial streams. There 
is, however, the difference that whereas the gradation of density 
is maintained in the electrified body by interior molecular action 
due to the abnormal state into which its superficial atoms are 
put either by friction or by induction, in the magnetized body 
the gradation of density results from interior molecular action 
which is independent of the state of the superficial atoms. 

From the above statements it will appear that I had reason 
from theory to expect that, by the intervention of the electric 
and magnetic currents, there would be, between an electrified 
body and a magnetized body, a mutual action which might be ex- 
perimentally recognized. Now, although I do not undertake to 
assert that no experimental evidence of such action existed, I 
may say that I did not succeed in finding any, and that I failed 
to discover in Faraday’s experiments any-criterion for settling 
the question. I did not, however, consider this to be a fatal 
objection to my theory of the physical forces, because at the same 
time that the theory lacked this confirmation, there appeared to 

no experimental evidence of a directly contradictory kind. 
* But now, at length, I am able to appeal to appropriate expe- 

riments. Those made by Mr. Vincent, ‘On the Relations of 
Magnetism and Static Electricity,” the details of which are given 
in the April Number of this Magazine, bear directly on the 
question raised by the theory. It seems that these experiments 
fully establish the fact of mutual action between electrified and 
magnetized bodies, and thus confirm the theory. My object in 
making this brief communication is fulfilled by pointing to this 
confirmation, which I think I may regard as an important corro- 
boration of my general theory of the physical forces. 

_ Cambridge, April 14, 1871. 
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L. On the Capillary Phenomena of the common Surface of two 
Liquids. By G. QuincKE. 

[Continued from p. 266. } 

Il. Flat drops or bubbles coated with heterogeneous liquids. 

bt. — on a flat drop of a liquid 1 of large diameter 27, which 
is on a horizontal glass plane in a liquid 2, a small drop 

of another liquid, 3, is placed, and this small drop of liquid 3 
spreads itself out on the common surface of liquids 1 and 2%, 
then it coats this with a thin layer or film of extremely small 
thickness.. It may then be assumed that the form of the 
common surface of liquids 1 and 38 is the same as that of the 
common surface of liquids 2 and 3. 

The equations of § 3 will still hold good under this supposi- 
tion, if «,,-++ as, be introduced instead of the constant a,,.. We 
have 

—o 
OGRE =a13+ 30, - + + (5a) 

Kha be Geet Oe 

K=a ¥1—coso3,., «. + eee 

and for the case in which the angle a=180°, 

Kea 2.0 Ol eee 

In the following Tables, analogously to the earlier notation (§ 8), 
we have 

a=(K—h)? 5, 
(14a) 

ene oa. 

3 2 2 

In this calculation the thickness of the layer of the liquid 3 is 
assumed to be less than the length (which can still be deter- 
mined at K or k), consequently somewhat less than 0°01 miilim. 
But, on the other hand, this thickness is also presupposed 
> 2/, greater than twice the distance at which the molecular 
forces of capillarity are still effective. 

12. In the first place, air may be taken as liquid 1, an air- 
bubble being blown in a liquid 2 under a horizontal glass 
plane in the manner described in § 5. A small drop of sub- 
stance 3 is introduced, by means of a tube bent at right angles, 
on the surface of the air-bubble in liquid 2, where it spreads 
itself out. 

a= 

* As to the conditions on which this result depends, compare Section V. 
§§ 24-32. 
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In the equations of § 11, for this case we may suppose 

O71 — 0, aig Age 

At the moment of the spreading out a sudden change in the 
form of the air-bubble is observed ; it becomes broader and flatter. 

The arrangement of Table aie which gives a summary of the 
observations, is the same as that of the former Tables; the last 
column contains the value of a,+,, as it was found from the 
earlier observations on air-bubbles or drops of liquid in other 
liquids (Table X. § 10). 

Tautu X1.—Flat Air-bubbles in Water = = 05), 

a eae. — 
Qe No. Substance 3, 2r.| K. | & [K—-IK 3] aw, 

3+ Boos 

| ee | | | SS | eee 

mm./ mm.| mm.| mm.| Mm. | mers.|megrs.| mers. 
eee 

1. | Bisulphide of carbon} 28°6 | 5-332) 1-450) 3-902) 3°770| 7-61 |7-11 | 7-531 
ONT ECON icicmvaney cic os 30:7 | 4-901 1:362) 3-539) 3-465! 6-26 | 6-00 5-856 

2 i. ee 100 | 4:762).1:°362) 3-400) 3-367] 5:78 | 5:67 
4, | Oil GE turpentine ... 20-0 | 3:803) 1-000) 2°803) 2-689) 3-920) 3-615 410 

5. ...| 20°8 | 3-808) 0-939) 2°869)| 2-693) 4:115) 3-625 

6. Bealeam eee te og 28°6 | 5°310| 1-558) 3°752| 3:°755| 7-035) 7-05 7-067 

Flat Air-bubbles in Olive-oil (3 =(-: 4568). 

1. | Absolute alcohol ...}| ? 3°770} 0-923] 2:847)| 2-666) 3:204| 2-808 

2, ns ? 3°701| 0-921) 2-780) 2:617)| 3:054| 2-707 jes 

3 ‘: ? | 3-534] 0-830] 2-704| 2-499] 2-890] 2-469 

The calculated values of «,-++-a3, show an agreement with the 
observed values of « and « which may be called a perfect con- 
firmation of the theoretical considerations. The small deviation 
in « for oil of turpentine shows that the angle was not 180°. 

In the experiments on air-bubbles in olive-oil the alcohol very 
soon drove away the oil from the horizontal glass plane, the air- 
bubbles changed their form very considerably, the vertical meri- 
dional element / disappeared, the air-bubbles spread themselves 
to the edge of the horizontal glass plane (compare § 5) and va- 
nished into the air. 

It may here be observed that very thin layers of liquid 3, 
which showed Newton’s rings on the air-bubbles, were quite 
sufficient to produce the change of form of the air-bubbles. 
When the traces of liquid 3 were even still less, so that they 
could hardly have been recognized in any other way, a very re- 
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markable, although smaller change of form of the air-bubble 
took place. The thickness of the layer of liquid 3 is in the last 
case less than 2/, or double the distance at which the molecular 
forces of capillarity are still effective *. 

The change of form is, of course, more remarkable the more 
a, and «=a 3+ag, differ from one another—particularly striking 
therefore with oil of turpentine and olive-oil. 

When flat drops of water or olive-oil are laid on a horizontal 
glass plate sprinkled with lycopodium-powder, they have the 
same form (inverted) as an air-bubble of equal volume in these 
liquids, and a, could be determined from K—4 in the same way 
as for air-bubbles. The same holds good for large drops of 
water which dew forms in the folds of certain leaves—cabbages 
for instance. 

If on such flat drops of water a trace of olive-oil or oil of tur- 
pentine, or on a flat drop of olive-oil a trace of oil of turpentine 
is placed, then the drop immediately becomes flatter and broader ; 
hence a change of form occurs as im air-bubbles. 

Owing to the difficulty of obtaining flat drops of water and 
oil of large diameter on glass plates, I have abstained from ma- 
king measurements of these changes in form. 

13. If on the surface of flat drops of a quid 1 im air a small 
quantity of a liquid 3 be placed, which spreads itself out on this 
surface, then in the equations (5a) to (14a) of § 11 we may sup- 
pose 

G,—0,  da5— 25. 

On flat drops of mercury in air small drops of water, olive-oil, 
and oil of turpentine were placed. As soon as these spread out 
on the surface of the mercury, the drops are seen to become 
flatter and broader. 

In the following Table a few observations are collected :— 

* T will take this opportunity of remarking that I committed an over- 
sight in a communication on the magnitude of / ( Gott. Nachr. 1869, p. 217, 
Pogg. Ann. vol. exxxvii. p. 403, 1869), when I said that, according to 
the views of Plateau, a thin film of a liquid could not exist when its thick- 
ness became <2/. The experiments which I cited (Plateau, “‘ Rech. Exp. 
&c. 5° sér.,” Mém. de Brux.vol. xxxiii. p. 44, 1861) appeared to me to justify 
this assumption; whilst Plateau only supposes the capillary pressure of a 
curved film of the liquid of the thickness D dependent on the same when 
D =< 2/: compare Plateau, “ Rech. Exp. 2° sér.,” Mém. de Bruz. vol. xvi. p. 
35 (1847). 
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Tasie XII. 

Flat drops of Mercury in Air e =6°77 1). 

No.| Substance 3. |  2r. K. Ben Keele | ee, eee tae 
%13 +43. 

millims. | millims. | millims. | millims. |mgrms.| mgrms. 
1. | Water .....0.e0.-. 20 3529 | 0-830 | 2-699 | 49:33] 50-83 
2. | Olive-oil.......... 32 3117 | 0-770 | 2347 | 37-30 
3 ae 382 | 3-164 | 0-796 | 2-368 | 37-96| b37-95 
PMR as ccc. 45-5 | 3:195 | 0-755 | 2370 | 38-03 
5. \Oilof turpentine.| 20 2-891 | 0-811 | 2-080 | 29:30 
6. ul 302 | 2944 | 0869 | 2075 | 29:16/| 4.0, 
7 i . 2-905 | 0-875 | 2-030 | 27-90 
8 4 34 2-837 | 0687 | 2150 | 31:30 

The observed values of « agree with the values calculated from 
a, and @,, according to Table X. § 10, and thus confirm the 
theory. 

It is to be observed, however, that all observations do not give 
this result, and that in water which is placed on mercury, «& is 
often less, in oil of turpentine on mercury « is often found 
to be greater, than the theory would lead us to expect. 

The reason of this deviation is chiefly to be sought in the ad- 
sorption of moisture, which is condensed from the atmosphere 
on the surface of the mercury as soon as the latter is formed. 
Since, for the liquids examined by me which could be present in 
the form of vapour in the atmosphere, 

whilst the adsorption was going on I observed a change in the 
form of the drop, K and K—4 became smaller. 

This condensation of vapour also takes place, as I have already* 
attempted to prove, on the surface of metallic solids and solid 
bodies generally, and in other physical phenomena (as, for ex- 
ample, in experiments on radiation) is an important source of error 
under circumstances in which Magnus+ has designated it by the 
name of Vaporhdsion. 

A layer of condensed air on the surface of the mercury may 
have a similar influence to that of a thin layer of liquid. 

The decrease of the capillary constant is to be attributed to 
this condensation on the surface, which I have myself observed 
to take place on flat drops of mercury in vacuo, since even this 

* Poge. Ann. vol. eviil. p. 326 (1859). 
+ Ibid. vol. exxx. p. 207 (1867). 

Phil. Mag. 8. 4. Vol, 41. No. 274. May 1871. 2C 
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vacuum, as I expressly observed at the time, contains vapours 
of grease*. 

The condensation of vapour on the surface of mercury appears 
to go on with tolerable rapidity; and in spaces containing vapour 
of oil of turpentine, K and K—£ are found to be unusually small. 
In hke manner the vapour of petroleum and even the grease 
from the hair and body have considerable influence on the form of 
the drops of mercury. ; 

Thus it may easily happen that liquid 8 may be placed on a 
drop of mercury which is already coated with an extremely thin 
layer of a liquid 4; then @ will be . 

=H 4 + G43 + Ae 

Now, accordingly as this value is greater or less than a,3+4a 3, & 
may be found by observation greater or less than the theory of 
§ ll requires. As the value a,,+ 3 for mercury and water as 
substances 1 and 3 of Table X. § 10 is very great, but for mer- 
cury and oil of turpentine is very small, for water placed as sub- 
stance 3 on_the apparently pure surface of mercury @ must be 
found too small, and for oil of turpentine as substance 3 too 
large. Besides, a,, and a,, depend on the greater or less thick- 
nesses of the films of substance 4, which is often less than twice 
the radius of the sphere of action, and is completely beyond ex- 
amination, so that the difference between the observed and the 
-calculated values must turn out sometimes greater and sometimes 
less (compare § 27). 

Experiment confirms all these conclusions, often in an unde- 
sirable manner, as the form of a drop of mercury in air is often 
changed by a trace of liquid which was by no means supposed 
to be in the atmosphere. 

On placing petroleum upon flat drops of mercury I likewise 
found in four experiments @ always greater than the theory (ac- 
cording to the determinations of Table X. for c;,+4,) had led 
me to expect. 

The influence of the vapour adsorbed or condensed on the free 
surface of the drops naturally manifests itself more plainly in air 
than in the air-bubbles described in the experiments of § 12, 
which are protected from impurities by the surrounding liquids. 

14, Instead of placing a liquid 3 on the free surface of a liquid 
1 or 2 bounded by air, it may be placed on the common surface 
of two liquids 1 and 2, which was presupposed as the most ge- 
neral case in the theoretical considerations of § 11. 

On flat drops of olive-oil or bisulphide of carbon in water, 
which were obtained according to the method described in § 7, 
oil of turpentine was placed, and on flat drops of mercury in water 
olive-oil, oil of turpentine, or petroleum was placed. | 

* Pogg. Ann. vol. ev. pp. 33, 43 (1858). 
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Taste XIII.—Flat drops of several Liquids on one another. 

Flat drops of Olive-oil in Water (75 =0-432) 

No. Substance 3. 2r.| K. k. |K—&|K NB ele cale. = 

SS Oe 

: mm.| mm.| mm.| mm.| mm.| mgrs.| mgrs.; mgrs. 
1, |Oil of turpentine....| 47-4) 8-877] 2-360) 6-517} 6-276 1:835) 1-702 1-177 
2. 2 36°6) 8:972| 2-570} 6-402} 6-345} 1-770) 1-735 \ 

Flat dropsof Bisulphide of Carbon inWater (“15 2=6:1348). 

3. |Oil of turpentine... 27:1) 7526 2250 5270 532 3°721|3°803} 1:177 

; o,—o 
Flat drops of Mercury in Water ( 1___2 = 6°27 1) : 

A, | Olive-oil ............ 28-9) 3-446] 0-885) 2°561| 2°437| 41:31) 37:26] 36°29 
5. | Oil of turpentine...) 30 | 3:192| 0-984) 2-208) 2-257) 30°58) 31:96 
6. ” 30 | 3°276) 1-019) 2-266] 2-316) 32-21) 33°65 27-72 
a + 30 | 3:122| 0-905) 2-217) 2-208) 30-83} 80°58 
8. Me » | 3286] 0-942] 2-344] 2-324] 34-45] 33-87] | 
Sy Petroleum <..:..... », | 3°560) 1-098) 2-462) 2-517) 38-02) 39:74 32-77 

10. % 36°1| 3°501| 0°849| 2-652) 2-476) 44-10) 38°44 i 

The foregoing collection of experiments do not show at first 
sight a satisfactory agreement of theory and experiment. 

This want of agreement depends on the difficulty of properly 
taking into account the masses present at the point of section P 
of the common surfaces. For the effect of the superficial ten- 
sion a, at the common surface of liquids 2 and 3, only particles 
of those liquids were considered ; the influence of the particles 
of liquid 1 which were at P was quite neglected. This error 
is greater the greater the mass of these particles of liquid and 
the greater the density of the hquid 1. In lke manner with 
respect to the effect of the forces a,, and a,, the minute quan- 
tity of liquids 3 and 2 respectively present in the point P was 
neglected. 

This difficulty is so much the greater, since the density of the 
liquids 2 and 3 (which touch each other in the point P within a 
distance from that point which is less than the radius of the 
sphere of action) may easily be modified by the presence of a 
particle of liquid 3. 

The particles of liquid on the surface possess quite differ- 
ent properties from those within the liquid, and certainly dif- 
ferent properties according to He nature of the body by which 

2C2 
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the liquid is bounded. Poisson* thinks that the liquid in the 
neighbourhood of the surface is condensed (un état particulier de 
compression du liquide); yet, under certain circumstances (for ex- 
ample at the free surface), I should rather assumey a negative 
condensation—that is, an expansion. 

In the experiments of the foregoing paragraph, air as liquid 2, 
when near the point P, did not perceptibly modify the magni- 
tude @,,; for the observed and calculated values of the magnitudes 
denoted by « in Tables XI. and XII. agree very nearly. 

If liquid 3 is of greater density, the active mass at the point 
P will possess a considerable influence, the active forces at the 
point P exert a greater pull than the numbers obtained by means 
of the observations of the foregoing Section express, the magni- 
tude a found in these determinations is too large. This dif- 
ference of theory and observation is particularly apparent with 
drops of mercury. 

Oil of turpentine placed on bisulphide of carbon appears to be 
quickly dissolved by the latter, since the change of form of the 
drop of bisulphide of carbon in water effected by that means is 
but inconsiderable. 

With olive-oil and oil of turpentine the mixture goes on more 
slowly, so that in this case the form of the drop of olive-oil is 
at first much more strongly changed, and it behaves as if it were 
coated with oil of turpentine. 

The change of density in a liquid 2 or 3 close to the common 
point of contact P by the presence of a body 1 is rendered pro- 
bable by other circumstances. 

Experiment shows (compare § 18) that a body moistened with 
a liquid 2 firmly retains the particles of liquid on its surface, so 
that the adhering or adsorbed layer of liquid on the surface of a 
substance 1 is only with difficulty separated from it. At the 
same time substance 1 may be either a solid body or a liquid. I 
shall afterwards have occasion to draw attention several times to . 
this behaviour of adsorbed liquid layers; and the adsorbed (con- 
densed?) water-layer may have favoured the pollution or the 
mixing of the water placed on substance 3 in the experiments now 
described (§ 14). 

In any case it is probable that by the spreading of liquid 3 on 
the common surface of liquids 1 and 2, in which by degrees all 
points of this surface became sectional points P of the three 
common liquid surfaces, the density of liquid 3 was modified in 
some other way than if the same liquid had spread itself on the 
free surface (bounded by air) of 1 or 2. 

Without a knowledge of this change of density and of the 

* Mém. de I’ Inst. vol. ix. p. 78 (1826). 
Tt Pogg. Ann. vol. cvili. p. 326 (1859). 
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influence of the same on the magnitude of the capillary constants 
or tension of the surface, no mathematical expression for the 
form of the drops of liquid in the experiments now described 
can be constructed. 

I will, however, expressly observe that the liquids are not per- 
fectly moveable, as was presupposed in the theoretical considera- 
tions, consequently the motion of the particles of liquid against 
one another is prevented by a certam friction. Hence it is pos- 
sible that liquid 3 spread itself out on avery thin adsorbed layer 
of liquid 2 on the surface of liquid 1, and thereby occasioned the 
difference between theory and experience (compare $$ 18 and 27). 

Ill. Capillary elevations in submerged tubes. 

15. The best-known experiment on capillarity is very likely 
the elevation of liquids in tubes which, filled with air, are im- 
mersed in a liquid 1. 

Liquid 1 then rises above the horizontal level of the liquid 
(that is, the open plane surface of liquid 1) to a mean height 
(compare § 4) 

2 a.CcoSw 
h=— ———_, 

Rays 

in which 2 is the capillary constant of the open surface, o the 
specific gravity of the liquid, w the marginal angle, and 7 the 
radius of the tube. 

The air which is above the capillary meniscus and the plane 
surface of liquid 1 can be replaced by a liquid 2, which also now 
covers the upper end of the vertical capillary tube. According 
to whether the angle w,, < or > 90°, an elevation or a depres- 
sion is observed of the meniscus forming the common limit of 
liquids 1 and 2 in the capillary tube, above or below the hori- 
zontal plane in which ‘the liquids 1 and 2 outside the capillary 
tube touch one another in the wider vessel which contains them. 

Although Laplace* has treated this case theoretically, yet, 
to my knowledge, no experiment with regard to it has hitherto 
been made. 

According to the axioms given in § 1, the weight of liquid 
borne by the capillary meniscus of the common surface, as well 
as the periphery of the tube, must be multiplied by «cos a5. 
If h,, denotes the mean elevation of the capillary meniscus above 
the plane limit of liquids 1 and 2 of specific gravities o, and o, 
respectively in a vertical tube of radius 7, then we have 

(0, —9) hyo 7? =2rTr . G19. COS 120) 

ie 2 @yglOS@ 9. f 2) jad? IED} 
See oe erin Pinta 

* Supplément au liv.x. de la Mée. Cél., Giuvres, vol.iv. p. 491. 
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Ifthe tube is not perfectly cylindrical, then 7 is the radius of 
the tube at the place where the capillary meniscus of the com- 
mon surface meets the sides of the capillary tube. 

In the case in which o,,> 90°, this mean elevation ,, may 
even be negative ; there will then be a depression. For the case 
in which the angle is known (for example when w,,=0 or 180°), 
the capillary constant «,, of the common surface of both liquids 
can be calculated from equation (15). 

16. The experiments on water and oil of turpentine were 
made thus: into a glass cylinder 40 millims. in diameter and 250 
millims. in height some water was poured as liquid 1, and upon 
this oil of turpentine was very carefully allowed to trickle down 
the side of the glass cylinder as liquid 2. As an elevation of the 
capillary meniscus was to be expected, the height chosen for the 
column of oil of turpentine was considerably greater than that of 
the layer of water. 
By means of the blowpipe-lamp, glass threads of suitable thick- 

ness were made from thicker glass tubing purified as much as 
possible. In a capillary tube so prepared, open at both ends, I 
allowed a column of water to rise and then closed the upper end 
by melting it, so that the tube was nearly filled with water. The 
glass thread was passed through two caoutchouc rings and thus 
fastened to a strip of pure plate glass 800 millims. long and 10 
millims. broad, which had ascaleof millimetres engraved upon it. 
Towards the upper end of the glass thread and beneath the upper 
end of the column of water a mark was made with a file; the 
strip of plate glass and capillary tube were immersed in the glass 
cylinder, so that the file-mark was in the oil of turpentine and 
the lower end of the glass thread stood in the water. When the 
point of the glass thread was broken off at the file-mark under 
oil of turpentine, the water in the capillary tube sank, the oil 
of turpentine pressed upon it, and the meniscus concave above 
sank to a height h,, above the horizontal limiting layer of water 
and oil of turpentine, which was read off on the vertical milli- 
metre-scale by a horizontal telescope. The glass tube was cut 
in the place where the capillary meniscus was found, and the 
inner diameter 27 of the section measured with microscope and 
ocular micrometer in the manner described in § 4. 

Experiments Nos. 1 and 2 of Table XIV. were made in the 
manner described; No. 3 differed in the capillary tube being 
filled with oil of turpentine instead of water, with the upper end 
in oil of turpentine and the lower end immersed in water. When 
the upper end was broken off under oil of turpentine, the water 

rose in the capillary tube, which was moistened inside with oil of 
turpentine. Thus in the restoration of equilibrium the meniscus 
moved upwards in No. 3 ina capillary tube moistened with oil of 

<—, el a ee 

Se a Te 
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turpentine, and downwards in Nos. 1 and 2 inatube moistened 
with water. 

Taste XJV.—Elevation in submerged capillary Tubes. 

Water—Oil of Turpentine. 

No. 2r. h. hr. yy COS Wye} Wy 5s 

millim. | millims. | sq. millims.) mgrm. ey 
1. 0:813 54:9 22°32 1-265 0 
2. 0°557 13 22-24 1-260 0 
3. 0-506 56°4 14:28 0-809 50 8 

The arrangement of the foregoing Table speaks for itself. The 
last column contains the angle w,,. as it results from the num- 
bers in the last column but one together with the known value of 
the constant (Table X. § 10), 

. @,,=1:177 milligramme, 
obtained from observation of the drops. For experiments Nos. 1 
and 2 the angle w,,=0, and the agreement of the numbers ob- 
tained according to the two methods is satisfactory. In No. 3 
the angle was different and approached 47° 2', which I had 
found from observation of the drops. 

The difference of the angle is explained by the difference of the 
liquid layer which the capillary meniscus in its movement had 
to drive away, and is connected with the difference already dis- 
cussed (§ 14), which is shown in the neighbourhood of the 
limiting surface by particles of the same liquid with different 
substances. 

17. Similar experiments were made with disulphide of carbon 
as liquid 1, and water as liquid 2. In this case, however, a de- 
pression of the capillary meniscus occurs; the convex side 1s 
turned up towards the water. Hence the thickness of the layer 
of bisulphide of carbon in the wide glass cylinder is correspond 
ingly greater as that of the layer of water above it increases. 

The capillary tube was filled with distilled water before the 
snbmersion. ‘The experiments gave the followimg results :— 

Tasie X V.—Elevation in submerged capillary Tubes. 

Bisulphide of Carbon— Water. 

No. 2r. h. hr. 219 COS Wo. Wy. 

millims. | millims. | sq.millims.| mgrms. A 
1. 2-652 | —25 —33'14 4-451 180 
2. 0-964 | —66°6 — 32:12 4:314 180 
3. 0-888 | —68 —30°21 4057 180 

Mean ...... 4:274 
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The mean value of the numbers of the fifth column agrees very 
nearly with the constant «,,=4°256 milligrammes, derived from 
observation of the drops (compare Table X. § 10). Thus the 
angle w,, in the experiments on capillary tubes was nearly 180°, 
whilst according to the earlier method, from observation of drops 
on a glass plane, it was found to be 167°. 

These experiments, as well as those of the foregoing para- 
graph, may be looked upon as a confirmation of the theoretical 
considerations. 

18. If we observe the elevation in vertical capillary tubes, 
whose upper end opens into olive-oil, and lower end into water, 
then a depression or an elevation of the capillary meniscus below 
or above the common plane limiting surface of the two liquids 
will take place, according to whether the capillary tube before the 
submersion was filled with olive-oil or water, and consequently 
according to whether the sides of the tube were moistened with 
olive-oil or water. This circumstance appears to me worthy of 
notice, as it shows with what difficulty an adsorbed layer of 
liqnid is expelled from a solid body. Water which only now 
comes into contact with the solid sides behaves quite differently 
from water which is already in contact with them; it is the 
same with regard to olive-oil. 

Taste XVI.—Elevation in submerged capillary Tubes. 

Water—Olive-oil. 

No. 2r. h. hr. 15 COS Wy5.| Wyo 

millims. | millims. | sq. millims.) mgrm. ee} 
1. 2612 | —18 —23°51 —1:015 | 118 58 
2. 2°304 34-1 39-29 1-697 35 57 

The last column of the above Table contains the values of the 
angle @ 9, calculated on the assumption that «,,=2-096 milli- 
grammes, as was found from observation of the drops. 

With drops of olive-oil, which were placed under a glass plane 
moistened with water, I found the angle w,,=17° (§ 10), a value 
which, considering the uncertainty of the method used, does not 
strikingly differ from 35° 57’, found in the present analogous case. 

IV. Elevations in capillary tubes of several liquids superposed. 

19. A fourth method of observing capillary phenomena at the 
common limit of two liquids consists in placing on a liquid w in 
a capillary tube a second liquid v, and observing the common 
elevation of the two liquids. 

This method, as has been already mentioned (§ 2), was used 
by Th. Young, Gay-Lussac, and Béde. 
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If the length of the upper column of liquid in the capillary 
tube be h, and if h, denote the elevation of the common meniscus 
above the horizontal plane level or the surface of the lower liquid 
u outside the capillary tube, 7, the radius of the capillary tube at 
the place of the meniscus of the open surface (bounded by air) 
of the upper liquid, 7,,, the radius for the meniscus of the com- 
mon surface of the two liquids within the capillary tube, and the 
notation already adopted be retained, the weight of liquid raised 
above the horizontal level of liquid u is borne by the two menis- 
cuses, and, according to equation (1), § 1, we have :— 

_ 24, COS Wy 2koy, COS Woy 

To Tou 

oy COS Woy, = : a [7o(hoGo + hun) —2e, COS @,]. . (16) 

sik hoo ae hou = 0, 

For the special case in which 7,=7% this equation becomes 

1 hoo + hy Sy) —2ey COS Wy 

2 

_ Srho—2a, cos @, 
D) 4 

It follows from this that the capillary constant of the common 
surface is determined when Xrho, as well as e, (the capillary 
constant of the surface of the upper liquid o) and the two angles 
®, and @,, are known. The first isin many cases =0°, or at least 
may be assumed to be known, since the magnitude a, cos , is 
determined from the elevation of liquid o in capillary tubes 
(compare § 4); but w,, is not known, and can only be supposed 
=0° or 180° in a few cases, as we shall afterwards see. 

Hence this method is not to be generally recommended for the 
determination of the capillary constant of the common surface 
of liquids. However, it has the advantage of being easily carried 
out, requires only small quantities of liquid, and admits of liquid 1 
being above and liquid 2 below, or conversely, and o, may be 
greater or less than a5. 

By means of this method it is immediately seen that the ca- 
pillary constant a, of the lower liquid (upon which alone, accord- 
ing to the theory of Poisson*, the weight of liquid borne by the 
capillarity depends) has no influence whatever, and that a,, 
COS @,,, and a, cos w, alone determine it. 

It may also be observed that h, may be very small, provided it 
is > 2/ (than twice the radius of the sphere of action). Equation 
(17) then holds good completely, as the free surface of liquid o 

* Nouvelle Théorie de ? Action Capillaire, p. 142 (1831). 

an; COS @,.,= 

(17) 
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and the common surface of liquids o and wu are then to be found 
nearly in the same place of the capillary tube. 4, will then =O, 
and 

Boy COS Wor, + &y COS W,=P- his oes oo 

For the case in which w,,=@,, the phenomenon would be the 
same as with the elevation of a liquid in a capillary tube, if the 
capillary constant a of the one liquid were replaced by 

Aon +e, =a. 

A very thin layer of liquid 2 upon a meniscus may considerably 
modify and diminish the elevation of liquid 1 when 

hig t+ Ag< eH). 

If oil be placed on water, then, according to Table X. § 10, 

a, =8°253 milligrammes, «,,-+%,=5°856 milligrammes ; 

thus a great depression of the liquid in the capillary tube must 
take place when the oil is poured on, as Thomas Young * was the 
first to observe. 

20. I made the experiments in a manner similar to that de- 
scribed in §$ 4. and 16. Out of the purest thick glass tubmg 
glass threads of a suitable thickness were drawn by help of a 
blowpipe-lamp. In the capiliary tube thus prepared, open at 
both ends, I allowed a column of liquid o to rise somewhat 
higher than # was intended to be. The capillary tube with the 
upper end closed was passed through two caoutchouc rings and 
thus fastened to a strip of pure plate-glass from 100 to 200 
millims. in length and 10 millims. in breadth, which had a scale 
of millimetres etched upon it. The glass thread forming the ca- 
pillary tube was scratched by a knife at its lower end and broken 
off so that the bottom opening coincided with the zero-point 
of the scale, and thus the height 4, could be determined in the 
non-immersed part of the tube. This precaution was necessary 
in those cases in which the meniscus of the common surface of 
liquids o and wu could not be observed by optical means. 

When the lower end of the glass thread, together with the scale, 
was immersed in the liquid u, without the caoutchouc rings 
coming into contact with the liquid, and the upper closed end of 
the capillary tube broken off, then the liquid o rose in the tube, 
the liquid u followed, and /, and h,, could be read off with a ho- 
rizontal telescope on the vertical scale. 

After that the fine glass tube was cut through in the place of 
the upper meniscus, and the inner diameter 27, of the sectional 
surface determined (in the way described in § 4) with a micro- 
scope and an ocular micrometer. I did not determine the dia- 

* Young’s Works, vol. i. p. 463 (1855). Encycl. Brit. ‘“ Cohesion,” 
sect. 2 (1816). 
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meter 27,, in the experiments in question, since other sources of 
error, such as the different widths of the capillary tubes, and 
particularly the variableness of the angle w in these experiments, 
have a much greater influence, and my chief object was to prove 
the dependence of the common mean elevation on the capillary 
constant a, of the surface of the upper liquid. 

For the same reason, in the observed magnitudes fh, and h,, 
which ao refer to the summit of the meniscus, the correc- 

tion s or a corresponding value, has been omitted. In the 

calculation of the constants «,,,cos@,, according to equation 
(16), the magnitudes of the capillary constant a, were used in- 
stead of a,cos@,, as I had found them from the elevations in 
capillary tubes (Table II. $ 4). 

In the following Table the observations on disulphide of car- 
bon and water are collected. In the first series of experiments 
the specifically lighter water was above ; the meniscus of the com- 
mon surface turned its convex side upwards. In the second 
series the specifically heavier bisulphide of carbon was above ; the 
meniscus of the common surface had its concave side turned up- 
wards. In the first series of experiments the meniscus of the 
common surface rose in a tube which was moistened inside with 
water, and in the second series in one moistened with bisulphide 
of carbon. 

Tasie XVII.—Elevations in Capillary Tubes. Two Liquids. 
Water above; Bisulphide of Carbon below. 
i, by 1 26an: 

2e4,=1447 mgrms., a,,=4°256 merms. 

No. 2ro. ho. hu. Srho. | apy COS woy. Pou: 

millim. | millims. | millims. | mgrms, mgrms. Pate 
1. 0°316 0- 62-4 12°62 —0°92 77 2) 
2. 0°306 14 43°4 8°62 — 2°92 46 35 
3. 0-268 (2 35°2 6°95 —3°76 27 56 
4, 0:259 22°8 31:8 8°17 —3:15 42 15 
5. 0°276 34°9 21-1 8°50 — 2°99 45 28 
6 0°093 112°3 35:2 427 — 3°60 32 14 

Bisulphide of Carbon above; Water below. 

Gi—l"20e7, G==1, 

24,=6°65 mgrms., a,,=4°256 merms. 

1. 0°325 18 86°2 14°37 3°84 25 33 
2. 0°435 2°0 55°5 12°63 2°97 45 44 
3. 0°325 21-0 64-9 14°87 4:09 16 4 
4, 0°247 63:8 4-4 15°42 4°36 0 
er err ee be) os Se Ieee eee 
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The column headed «,,, cos @,, shows that the angle w,, was 
very small or O° only in experiments 3 and 4 of the second 
series when based on the value 4°256 milligrammes for «,,, formed 
from observation of the drops (Table X.§ 10). Since the liquids 
become mixed in the course of time, and the angle w changes 
with the time, as was evident from observations with flat drops, 
the different values of the angle ,,, in the various experiments 
are not surprising, since, both in this case and in the experi- 
ments of Section III. ($$ 16 to 18), the friction of the liquid 
and capillary meniscus in the capillary tube materially influence 
the elevation h,, to which the lower liquid rises above the com- 
mon level, and make it too small. 

The form of the meniscus and of the angle @,,, of the common 
capillary surface appeared to me also to depend on the rapidity 
with which the liquids rose in the capillary tubes. This rapidity 
is itself dependent on the length and breadth of the submerged 
capillary tube, and on that part of it which is filled with air. 
By shifting the capillary tube in the caoutchouc rings the me- 

niscus was brought into other places of the tube, but without 
producing any material influence on the magnitude of h,. 

21. A series of similar experiments was made on water and 
olive-oil, oil of turpentine, or petroleum, all of which liquids have 
smaller capillary constants and lower specific gravities than water. 

The meniscus of the common surface turns the concave side 
upward when oil is above and water below, and the convex side 
upward in the converse case. 

Above each series of experiments is given that value of a,, 
for the common surface of the liquids o and uw, which was ob- 
tained from the observations on flat drops (Table X. § 10), and by 
means of which the angle in the last column above (0,,,=180° 
— py) was derived from the numbers in the penultimate column. 

TasLE XVIII.—Elevations in Capillary Tubes. Two Liquids. 

Petroleum above; Water below. 

oo 07977; oe 

2e¢,=5'1382 mgrms. a,,=3'834 mgrms. 

No. 270. ho. hu. =rho. a2ou COS Wou. Wou- 

millim. | miliims. | millims. | mgrms. | mgrms. ene 
1. 0°245 6:9 69-2 9-158 2°013 58 31 
2. 0-208 14°5 45:2 5°914 0°391 84 9 
3. 0°227 15°5 39°5 5°887 0°377 84 21 
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Water above; Petroleum below. 

=O 79K, 

Oo, = 0' 3834 mgrms. 

g,=1, 

2a,=14°47 mgrms., 

No 2ro. ho. hu. Irho. | ¢oucos wou-| Pou. 

millim. | millims. |millims. | mgrms. mgrm. pen 

1. 0°524 16:3 46°8 14:06 —0°205 86 56 
re 0°230 34:5 76°3 10:98 —1°745 62 56 
3. 0:174 71:7 78°3 11°66 —1°405 68 31 

Oil of Turpentine above ; Water below. 

p= 0'83867, >, Gia 

2a,=5'°5380 mgrms., 4@,=1°177 mgrm. 

a | Wou- 

1. 0-400 0:5 33°9 6°835 0:661 55 47 
2, 0°495 38 25°9 7°249 0-860 46 55 
3. 0°335 5°3 36°9 6:968 0°719 52 21 

Water above; Oil of Turpentine below. 

ce ill, o,,=0°8867, 

2a, =1447 mgerms., a,,=1°177 mgrm. 

prran 
1. 0°669 0 18°6 5°52 —4:475 
2. 0°529 1-1 38°6 9:06 —2°705 
3. 0°529 2°3 35°6 8°96 —2°755 
4. 0°586 5°2 36°9 11-11 — 1°68 0 
5. 0°339 10°7 66°8 11°84 —1°31 0 
6. 0:677 11°8 ral 12°13 1:17 0 
ie 0°744 Wo 7 18-9 12:07 —1:20 0 
8. 0°357 17:4 62°5 12°98 —0°74 51 3 

Olive-oil above ; Water below. 

o, =—0°9136, Cu=l, 

2a, =6:542 mgrms., a,=2'096 mgrms. 

1. 0°416 7°83 22°8 6°22 --0°15 85 38 
2. 0°451 81 18°8 5°21 — 0°32 81 20 

Water above; Olive-oil below. 

a. oc, =0°9136, 

2a,=1447 merms., o,,=2°096 mgrms. 

1. 0°444 9°4 56 13°44 —0°5] 75 46 
2. 0°301 23°4 74°6 13°79 —0°34 80 40 
3. 0°268 28°4 86°3 14°38 —0°05 77 36 

385 
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Alcohol above; Olive-oil below. 

o,=0°7906, o,,==0°9136, 

2a, =4476 megrms., Soy —=0°226 mgrm. 

No. 2ro. ho. hu. Drheo. &ou COS Wou 

willim. | millims. millims. mgrms. mgrm. 
L 0°363 10 18-1 4-436 —0-020 
2. 0°330 15 16-2: 4-395 —0-040 

Olive-oil above ; Alcohol below. 
o,=0'91386, o,=0°7906, 

2a,=6°341 mgrms., — e,=0°226 mgrm. 

1. | 0-582 10 13°5 
—0:07 2. | 0°346 15 

5°77 | 0:28 

The observations show that the angle ,,, was not constant in 
the different experiments, with the exception of the series water 
above, oil of turpentine below—in which a value e,,, is found for 
Nos. 4 to 7, which very nearly agrees with the determination 
from observations of drops (Table X. § 10) when the angle @,, 
is put =180°. For the measurements 1 to 3 of the same series, 
the too small value of {rho or a4, COS @, is owing to the very 
thin layer of water which covers the oil of turpentine. The oil of 
turpentine at the capillary meniscus of the common surface, freed 
from the water, being specifically lighter, rose in the column of 
water, spread itself out (compare § 26), and rendered impure the 
upper meniscus of the open surface of the water, which no longer 
possessed the constant for water, but that of a mixture of water 
and oil of turpentine. In observation No. 1 the water above the 
oil of turpentine was removed by a piece of blotting-paper. 

In the series of experiments with olive-oil above and water 
below, the common surface was decidedly concave upward, whilst 
in contradiction herewith w,,, > 90° would follow from the observed 
elevations. Hence the cause that too small a value of h,, was 
observed must very likely be sought in the friction of the liquids 
against the sides of the tube, which very es retarded 
the condition of equilibrium. 

The same also holds good for the experiments with alcohol and 
olive-oil given at the end of Table XVIII., where, on account of 
the smallness of e&,,, the fluctuations are perhaps still more 

_ striking. 
22. I have also made a series of experiments with some 

liquids which mix in all proportions, in which therefore «,,,=0, 
and the weight of liquid raised above the common level of the 
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lower liquid depends only on the meniscus of the free surface 
or the constant «,. 

Taste XIX.—Elevations in Capillary Tubes. Two Liquids. 

Oil of turpentine above; Olive-oil below. 

o,=0°8867, o,= 0:91386, 

2e¢,=:5°530 merms., ,,=0 

No. 2ro. ho. hu. | rhe. 

millim. millims. millims. | mgrms. 
1 0°549 10 12°6 5°602 
2 0°585 15 6 5495 
3 0°222 20 34 5°405 

Mean esasde se 5°601 

Olive-oil above ; Oil of Turpentine below. 

oo=0'91386, ou=('8867, 

2a ,=6°542 mgrms., a= 

Us 0°610 10 10 5°489 
2. 0°316 - 15 24:3 5574 
oe 0171 20 50°8 5°420 

Meat .3408i«s 5°494 

Alcohol above; Water below. 

a, = 0°7906, o,,=1, 

Qho,2= 4476 mgrms,, a,=0. 

1. 0:509 10 11°4 4:915x% 
oh 0°396 5 49°5 10°590x 
3. 0°301 20 13°6 4°421 
4, 0:200 20 29-1 4°489 

1 4°455 

Water above; Alcohol below. 

o,=1l, o,,=0°7906, 

2a=1447 merms., o&,= 

l. 0°719 20 32°7 7°656 
2. 0-680 15 2°3 5°719 
3. 0°585 15 3°6 5°218 
4, 0°331 10 81°4 12°31 
5. 0-179 15 150 11°94 
6. 0°158 20 198 13°96 
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In fact the foregoing collection of experiments show a value 
for Xrho which (with few exceptions, to which I shall presently 
return) very nearly agrees with the value of the constant 2a, de- 
rived from the elevations in capillary tubes (§ 4), as results from 
equation (16) when a,,, is put equal to zero. 

In the series with olive-oil above and oil of turpentine below, 
after breaking off the poimt of the capillary tube I observed no 
movement for along time; then a movement occurred suddenly, 
and the liquid certainly moved as quickly as if the oil of tur- 
pentine alone had ascended. The oil of turpentine, for instance, 
drove away the olive-oil from the glass side; and as soon as it 
had covered the meniscus of the olive-oil, it ascended, taking the 
column of olive-oil along with it. By this it is proved that 
rho in this case is found considerably less than 2a, for olive- 
oil, but, on the other hand, as nearly agrees with 2a, for oil 
of turpentine as might be expected generally in these expe- 
riments. 

For “water above and alcohol below,” only the mean of the 
last two experiments is taken, as, in Nos. 1 and 2, at the small 
height h, the water diffused along the side of the tube had in- 
creased the quantity of water contained in the alcohol and with 
It 2a,. 

For “ water above and alcohol below,” the upper meniscus of 
the water in all the experiments is rendered impure by the rapid 
diffusion or solution of the specifically lighter alcohol and its 
ascent in the specifically heavy column of water, and possesses 
then naturally a smaller capillary constant than 2a,=14°47 milli- 
grammes for water. According to the varying rapidity with 
which this contamination took place, the numbers of column 
rho vary in magnitude; the greatest is that in the last expe- 
riment, in which a small air-bubble between the columns of water 
and alcohol had retarded the diffusion of the alcohol in the 
water. 

23. Results similar to those here described were obtained by 
Béde* in the experiments which he made by a similar method, 
and which here follow, with the notation which I have adopted 
in this memoir. The capillary constants, as determined by him, 
of the free surfaces of the liquids stand at the head of each 
series of experiments. 

* Mém. Cour. Bruz, vol. xxx. p. 187 (1860). 
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Tasie XX.—Elevations in Capillary Tubes. Two Liquids. 

Petroleum above; Water below. 

oo=0'791, iy i 

2¢,=5°220 mgrms., 2a, =15°068 mgrms. 

No. r. =rho. &ou COS Wox. 

millim. mgrms. mgrm. 
] 0°955 6°397 0:588 
Ds 0°613 6°681 0-730 
3. 0°343 6°810 0-795 
4, 0°204 6°976 0°878 
5 0°160 6°831 0°805 

Mean.......0- 0°7595 

Petroleum above; Sulphuric acid below. 

a—O'791, a=) Sak, 

2e,=5°220 merms., 2e,=211°542 mgrms. 

1. 0:955 2°483 —1:368 
Z: 0°613 2°820 —1:200 
a 0:343 2°641 —1:289 
4, 0°204 3:°080 —1:070 
5. 0:160 2:800 — 1-210 
6. 0:094 3°149 —1°035 

Mean ...... —1°195 

Water above; Chloroform below. 

a o,=1°497, 

2a,=15°068 mgrms., (2e,=5°724 mgrms.) | 

1. 0:843 10°15 —2°459 
248 0:094 5°57 —4°746 

Mean ..%.. —3'652 

Analogous to the results of my experiments (§ 21), in those 
made by Béde the meniscus of the common surface of petroleum 
and water also turned its concave side, whilst that of the com- 
mon surface of petroleum and sulphuric acid or water and chlo- 
roform turned its convex side to the specifically lighter liquid 
above it. 

Since the angle ,,, is unknown, the value of the capillary 
constant «,, cannot be deduced from these experiments, as that 
angle (chloroform and water perhaps excepted) must have been 
between 0° and 180°. : 

Phil, Mag. 8. 4, Vol. 41. No. 274, May 1871. 2D 
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Gay-Lussac* observed the depression of mercury in a tube 
wetted with water or aqueous alcohol, and found the following 
results, which, with the values of a,,,cos ,,, calculated accord- 
ing to equation (17), § 19, are collected in the following Table. 
The values of a, given therein were calculated from measure- 
ments made by Gay-Lussac+. 

Taste XXI.—Elevations in Capillary Tubes. Two Liquids. 

| Water; Mercury. 

oo © g,=13°6, 

Qa,=15'13 mgrms.,  (oo,= 42°58 megrms.). 

2r. ho. hy. =rho. aou COS Wou.| Oou- 

millim. | millims. | millims.; mgrms. | mgrms. bedi 
0°6472 | 7°730 | —7:-415 | —60°23 | —37°68 | 27 15 

Alcohol ; Mercury. 

d= 03197, Oy,=138°6, 

2a =4°984 merms., (a,,=40°71 mgrms.). 

0:6472 —8:026 28 36 7°473 — 66°65 | —395°81 

It is seen that these numbers agree well with the determina- 
tions obtained from observation of flat drops of mercury (Table X. 
§ 10). But the angle o,,, in the experiments by Gay-Lussac for 
mercury and alcohol is not to be put = 180°. 

[To be continued. | 

LI. On the Relations of Magnetism and Static. Electricity. 
By,Cuarptes W. Vincenrt. 

T was not the writer’s mtention to contribute to the Philo- 
Z#_ _sophical Magazine on the above subject in the present 
Number; but an error of rather a serious character in his last 
communication compels him to add a few lines to it. | 
~ At page 300 and at page 302, he describes a pointed iron wire 
and a pointed magnetic needle as becoming inductively charged, 
at the point with positive, at the thick end with negative elec- 
tricity ; that (as he need hardly tell electricians) is not so. The 

* Laplace, Méc. Cél. vol. iv. p. 496. Poisson, Nouv. Théor. p- 147. 
: T Poisson, Nouv. Théor. p.113. Laplace, Méc. Ceél. vol. iv. p. 524. 
t Communicated by the Author. ? | 
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idea the writer should have conveyed was that the pointed wire 
and needle behaved as if they had polarity at their opposite ends 
as regarded the electrifying body, and as if the polarity were so 
distributed. During the time a pointed needle is being charged 
the head is attracted, the point repelled from the electrifier ; 
but so soon as the tension of the electricity of the wire or needle 
approaches that of the electrifying body the thick end is hke- 
wise repelled. 

The following experiment, which is the converse of the one 
narrated, page 302, affords an additional illustration of this kind 
of polarity ; at least that is the construction which the writer 
puts on the phenomena presented. 

The magnet was arranged precisely as in the previous expe- 
riment; but the test-needle was brought over the other pole, so 
that the head instead of the point of the needle was the attracted 
end. Under these circumstances, when the system was charged, 
the needle endeavoured to get still closer to the magnet, the 
free end being at the same time thrown more from the pole to 
which it was before inclinmg. The needle was then placed at a 
greater distance from the magnet: on charging the apparatus, 
the attraction was very visible, the head being drawn towards 
the magnet from a distance of an inch, and being so held whilst 
the arrangement continued to be electrified. Sosoon, however, 
as the positive and negative sides of the condenser were united, 
the needle took up its former position in relation to the magnet. 

Touching the needle with a piece of copper wire during the 
process of charging, or after the condensing arrangement was 
charged, perceptibly increased the existing attraction of the 
needle for the electrified magnet. 

The foregoing experiments were repeated with the horseshoe- 
magnet as the negative side of the condensing system, the tin- 
foil-covered glass being superposed as the positive side, the 
whole being so arranged that the charged tinfoil should be be- 
tween the poles of the magnet and the test-needle. 3 

Matters being thus arranged, on charging the apparatus as in 
the previous experiments, the results afforded were in every way 
precisely the same as when the magnet was the positively elec- 
trified body in the system and had no dielectric between it and 
the needles other than the air. 

Both repulsion and attraction of magnetized needles, under 
the circumstances above described, are accompanied by a marked 
divergence from the lines of magnetic force in which they would 
have set if unbiased by static electricity. The distance of one 
end of a magnetic needle from a magnet being made the same 
under the influence of the magnetic force and the combined 
forces, in the latter case the needle tends to put itself in a ver- 

2D2 
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tical position as regards that line of magnetic force which, if left 
to itself, it would accord with. 

The writer desires to express a hope that, in those respects in 
which his opinions may appear heterodox to commonly received 
theories, it may be remembered that he puts them forth only 
as forming a possible basis on which his experiments might 
be built up. The conclusions at which the investigator may 
ultimately arrive may be diametrically opposed to those on which 
his present assumptions rest. Priestley, whose opinion all will 
recognize as of some value on such matters, gives great encourage- 
ment to those who do not fear to find their hypotheses fail and 
their conclusions reversed if by their boldness (it may be auda- 
city) they have nevertheless forwarded the knowledge of the truth. 

He says, “It is by no means necessary to have just views and 
a true hypothesis, @ priori, in order to make real discoveries. 
Very lame and imperfect theories are sufficient to suggest useful 
experiments, which serve to correct those theories and give 
birth to others more perfect. These, then, occasion further ex- 
periments, which bring us still nearer to the truth; and in this 
method of approximation we must be content to proceed, and 
we ought to think ourselves happy if in this slow method we 
make any real progress ”*. 

24 St. Peter’s Street, E. 

LIL. Note on Calorimetric Researches. By R. Bunsen. 

To the Editors of the Philosophical Magazine and Journal. 

GENTLEMEN, April 20, 1871. 
| HAVE just received the enclosed letter from Professor Bun- 

sen. No man guards more jealously scientific honour than 
he; and the following, whilst it explains why the name of Her- 
schel was not credited with the idea of measuring heat by the 
increase of volume of melting ice, points out the essential differ- 
ences between the method proposed by Herschel and that carried 
out by the illustrious chemist of Heidelberg. 

Yours &c., 
Henry EK. Roscor. 

In a recent Number of Poggendorff’s Annalen Professor An- 
drews remarks that more than twenty years ago Sir John Herschel 
proposed an improvement upon Lavoisier and Laplace’s ice-calo- 
rimeter, which, according to Andrews, is in principle and even in 
several details the same as that which I have employed in my 
new calorimetric researches (Phil. Mag. S. 4. vol. xli. p. 161). 

* Priestley, ‘On Light,’ sec. 4, p. 181. 
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The reason that I was not aware of Herschel’s investigation, 
and therefore did not mention it in my memoir, will probably be 
understood when | state that it appeared in an appendix to an 
astronomical work published in 1847, which not only escaped 
my attention, but even appears not to have come into the hands 
of physicists themselves; at any rate, as far as I can learn, no 
one who has been engaged on calorimetrical investigations during 
the quarter of a century which has elapsed since the publication 
of Herschel’s volume has ever mentioned the proposal of the 
illustrious astronomer, much less either tried or used the method ; 
otherwise I certainly should not have omitted most distinctly to 
state that the idea of measuring the amount of melted ice by the 
diminution of volume which thereby occurs is due to Herschel. 
On the other hand, I may be allowed to take advantage of my 
friend Andrews’s remark to point out, perhaps more precisely 
than I have done in my memoir, one at least of the most impor- 
tant respects in which the instrument proposed by Herschel 
differs from that which I have described. 

Herschel absorbs the heat which is to be measured by the 
alteration of volume produced by the ice melting, in a vessel 
filled with water and floatimg ice. In my arrangement the 
same purpose is effected in a vessel made out of a solid mass of 
artificially congealed ice. The medium employed by Herschel, 
under the circumstances of the experiment, allows heat to pass 
through it; that which I use, on the contrary, cannot transmit 
any of the heat. In regard to the quantity of heat to be mea- 
sured, my instrument bears to that of Herschel the same relation 
as a water-tight vessel does to a sieve as regards the measure- 
ment of a volume of liquid. We should, however, hardly call 
two methods the same, one of which measured a liquid with a 
water-tight vessel and the other with a sieve. The loss of heat 
occurring in a measurement made with a vessel filled with ice 
and water is great enough to throw doubt upon any exact calo- 
rimetrical determination, as may be seen by reference to expe- 
riments detailed in my memoir, and as every one knows who has 
tried to determine the freezing-point of thermometers in a mix- 
ture of water and ice instead of in snow. The warmed water 
which fills the spaces between the pieces of ice in Herschel’s ap- 
paratus, and which, according to its temperature, either rises or 
sinks, comes in a few seconds, and without having completely 
equalized its difference of temperature, into contact with the sur- 
face of the glass vessel surrounding the medium, and gives up 
this heat, which is thus withdrawn from measurement. 

The extent of uncertainty which is introduced by such a mode 
of measurement may be estimated when we remember that, ac- 
cording to experiments given in my paper, more than 380 minutes 
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is required in order completely to reduce the temperature of half 
a gramme of water from 100° to 0°. This source of error, which. 
has been the chief cause of the dismissal of Laplace’s calorimeter 
from among the ranks of exact physical instruments, and which 
is in no way diminished in Herschel’s improved form, is entirely 
removed by the principle which I adopt. According to my me- 
thod, the bodies whose loss of heat is to be measured by the 
contraction of the melting of the ice are contained in a vessel 
perfectly impenetrable for heat ; whilst at the same time any error 
from transference of heat to the air is avoided, as the bodies are 
placed in a mass of water at O° C., so that the warmed water, 
the temperature of which never rises above 4° C., always flows 
to the lowest part of the vessel. 

Heidelberg, April 14, 1871. 

LIII. Proceedings of Learned Societies. 
ROYAL SOCIETY. 

[Continued from p. 318.] 

Feb. 2, 1871.—General Sir Edward Sabine, K.C.B., President, in 
3 the Chair. 
fe following communication was read :— 

“On the Uniform Flow of a Liquid.” By Henry Moseley, 
M.A., D.C.L., Canon of Bristol, F.R.S. 

_ The resistance of every molecule of a liquid at rest which a solid 
(by moving through it) disturbs, contributes its share to the resist- 
ance which the solid experiences ; so that the inertia of each molecule 
so disturbed and its shear must be taken into account in the aggre- 
gate which represents the resistance the liquid offers to the motion 
of the solid. The motions communicated to the molecules of a 
liquid by a solid passing through it, and the resistances opposed to 
them, however, are so various, and so difficult to be represented ma- 
thematically, that in the present state of our knowledge of hydrody- 
namics the problem of the resistance of a liquid at rest to a solid 
in motion is perhaps to be considered insoluble. As it regards the 
opposite problem of the resistance of a solid at rest to a liquid in 
motion (as in the case of a liquid conveyed through a pipe), there 
are in like manner to be taken into account the disturbances created 
by that resistance in what would otherwise have been the motion of 
each individual molecule of the liquid so disturbed. 

This problem, however, is by no means so difficult as the other. 
There is, indeed, a case in which it admits of solution. It is that 
of a liquid flowing from a reservoir, in which its surface is kept 
always at the same level, through a circular pipe which is perfectly 
straight, and of the same diameter throughout, and of a uniform 
smoothness or roughness of internal surface, and always full of the 
liquid. The liquid would obviously in such a pipe arrange itself in 
infinitely thin cylindrical films coaxial with the pipe, all the molecules 
in the same film moving with the same velocity, but the molecules 
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of different films with velocities varying from the axis of the pipe to 
its internal surface. The direction of the motions of the molecules 
of such a liquid being known, and all in the same film moving with 
the same velocity, which velocity is a function of the radius of the 
film, and the law of the resistance of each film to the slipping over it 
of the contiguous film being assumed to be known, as also the head 
of water, it is possible to express mathematically | 

(ist) the work done per unit of time by the force which gives mo- 
tion to the liquid, and 

(2nd) the work per unit of time of the several resistances to which 
the liquid in moving through the pipe is subjected, and 

(3rd) the work accumulated per unit of time in the liquid which 
escapes—and thus to constitute an equation in which the dependent 
variables are the radius of any given film, and the velocity of that 
film. This equation being differentiated and the variables separated, 
and the resulting differential equation being integrated, there is ob- 
tained the formula | _ 2507 

ve to» 

where » is the velocity of the film whose radius is 7, and v, that of 
the central filament, and / the length of the pipe—the unit of length 

- being one metre, and of time one second. 
The method by which the author has arrived at this formula is 

substantially the same as that which he before used in a paper read 
before the Society on the ‘‘ Mechanical Impossibility of the Descent 
of Glaciers by their weight only,” and which he believes to be a 
method new to mechanical science. It was indeed to verify it in its 
application to liquids that he undertook the investigations which he 
now submits to the Society, which, however, he has pursued beyond 
their original object. | 

The recent experiments of MM. Darcy and Bazin* have supplied 
him with the means of this verification. These experiments, made 
with admirable skill and precision, on pipes upwards of 100 metres 
in length, and varying in diameter from 0™:0122 to 0™-5, under 
heads of water varying in height from 0™:027 to 30™°714, include 
(together with numerous experiments on the quantity of water which 
flows per second from such pipes under different conditions) expe- 
riments on the velocities of the films of water at different distances 
from the axes of the pipes, made by means of an improved form and 
adaptation of the well-known tube of Pitot. These last-mentioned 
experiments afford the means of verifying the above-mentioned for- 
mule. With aview to this verification, the author has compared the 
formula with sixty of the experiments of M. Darcy, and stated the 
results in the first two Tables of his paper. 

The discharge per 1” from a pipe of a given radius may be cal- 
culated from the above formula in terms of the velocity of the cen- 
tral filament. This calculation the author has made, and compared 
it with the results of eleven of M. Darcy’s experiments. 

* Recherches Expérimentales relatives au mouvement de lau dans les 
Tuyaux, par H. Darcy: Paris, 1857. Recherches Hydrauliques, par MM. 
Darcy et Bazin: Paris, 1865. 
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Where in the formula which thus represents the discharge from 
a pipe of given radius, in terms of the velocity of the central filament, 
the radius is made infinite, an expression is obtained for the volume 
of liquid of a cylindrical form, but of infinite dimensions (laterally ), 
which would be put in motion by a single filament of liquid which 
traversed its axis; and, conversely, it gives the volume of such a 
liquid in motion which would be held back by a filament of liquid 
kept at rest along its axis. Thus it explains the well-known retard- 
ing effect of filaments of grass and roots in retarding the velocities of 
Streams. 

It is the relation of the velocity of any film to that of the central 
filament which the author establishes in the above formula. To the 
complete solution of the problem it is necessary that he should further 
determine the actual velocity v, of the central filament. This is the 
object of the second part of his paper. This velocity being known, 
the actual discharge per 1” is known. The following is the formula 
finally arrived at :— 

250 r 

where l F 
Q=discharge per 1” in cubic metres. 
R=radius of pipe in metres. 
1 =length of ditto. 
h =head of water. 
C =a constant dependent on the state of the internal surface of 

the pipe. 
The values of this constant C, as deduced from the experiments 

of M. Darcy are given, 
Ist, for new cast-iron pipes ; 
2nd, for the same covered with deposit ; 
3rd, for the above cleaned ; 
4th, for iron pipes coated internally with bitumen ; 
5th, for new leaden pipes ; 
6th, for glass pipes. . 
The author compares this formula with sixty-two of M. Darcy’s 

experiments, and records the results of this comparison in the last 
three Tables of his paper. . 

The paper concludes with an investigation of the rise in the tem- 
perature of a liquid flowing through a pipe caused by the resist- 
ances which its coaxial films oppose to their motions on one another 
(or, as it is termed, their frictions on one another) and on the in- 
ternal surface of the pipe. The pipe is in this investigation supposed 
to be ofa perfectly non-conducting substance. 
February 9.—General Sir Edward Sabine, K.C.B., President, in the 

Chair. . 
The following communication was read :— 
‘* Observations of the Eclipse at Oxford, December 22, 1870,” By 

John Phillips, M.A., D.C.L., F.R.S. 
At my observatory, situated about one third of a mile eastward from 

the great establishment founded in the name of Dr. Radcliffe, the 
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beginning of the eclipse was obscured by a passing cloud: the end 
was recorded at 13° 38’ 38” = 1" 35' 0-9 Oxford mean time. 

The progress of the obscuration was observed at unclouded inter- 
vals in the first half of the period, continuously during a clear sky 
m the latter half. Finding it impracticable to observe and measure 
with ordinary micrometers in the early part of the phenomenon, I 
arranged to throw the image on a screen, and make my measures on it. 

The driving-clock was affected by the extreme cold, so as to make 
it difficult to keep the sun’s image to one place, and it was conve- 
nient for other reasons sometimes to shift the image vertically; the 
method which I employed, however, was independent of these dis- 
placements, and allowed of as many measurements of the cusps as 
might be desired. 

It consisted simply in marking at any moment with pencil the 
situation of the cusps on the screen, and appending to each dot 
the time by the sidereal clock. Joining, after the eclipse, these dots 
by a straight line, and then transferring a parallel line of equal length 
to meet internaliy a circle representing the limb of the sun, of the 
same diameter as the solar image, the chord of the cusps at the given 
time was obtained, from which, by an easy method, the place of the 
moon’s centre at the moment was derived. The apparent diameters 
of the sun and moon were obtained by measure of arcs on the screen. 

The diagrams exhibit the whole process. In diagram fig. 1, four 
of the lines are drawn from the dots on the screen, AA, BB, CC, DD. 

In fig. 2, equal and parallel lines are transferred to the solar circle, 
whose centre is S, so as to touch it internally at A’ A’, B’'B’,C'C’, 
D'D’. For each of these lines the centre of the moon’s place is 
marked (A”, B’, C’, D”); thus the line of the motion of the moon’s 

Fig. 1. A A, BB, CC, DD, are lines joining the dots marking the cusps at 
four successive epochs during the eclipse. 

2. A’ A’, B' B', C' C’, D' D’, are four lines equal and parallel to AA, 
BB, CC, D Din fig. 1, and made to touch internally the solar circle, 
whose centre is 8; ms the sagitta at’ the moment of greatest obscu- 
ration. The moon’s path passes below A”, above B’’, and nearly 
coincides with C'"’ and D'', which are the places of the moon’s centre 
for the cusps A’, B', C’, D’. 
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The line of motion of the moon’s centre is obtained by ruling 
through the mid points between A” and B”, B” and C”, C” and D”. 
The point on this line reached by the moon’s centre at the moment 
of greatest obscuration is found by bisectionin M. Drawing through 
M and S the bisecting line of greatest obscuration, the length of the 
Sagitta ms is determined. 

It is found by these observations that, 

The sun’s diameter being taken at ............ 530 
That ofthe moor wees Dea ee ee 540 
The length of the sagitta ms is ........:..... 100 

These numbers, according to the proportions given in the Nautical 
Almanac for the Radcliffe Observatory, would have been :— 

eDiamoeter Of Che SUM 2c seid pte dei be ie Cages 530°0 
Diameter, Of (he moon, ic. s cc dae eee 538°8 
shenethyot SAgItte, 4. 2 siesta \ cies is) loan 99 

The agreement is quite close enough to justify the belief that, in 
skilful hands, the method described may be in some cases very useful, 
it being by no means limited to eclipses. It is so simple that one 
can hardly suppose it not to have been already employed; but I have 
met with no notice of such being the case. 

During the progress of the eclipse three thermometers were ob- 
served. One north of the house, screened from the sun and sky, 
sank from 26° at 11° 40™ to 24°4 at 1>25™. One south of the 
house, indirectly influenced by solar radiation on neighbouring ob- 
jects, rose from 26°°75 at 11” to 27°°8 at noon, then sank to 26° at 
12°40™, and rose to 27°3 at 1" 35". A third, on grass open to the 
sky, sank from 27°8 at 11° 40™ to 23°5 at 1” 25™, and remained 
at this point till 1" 35". Though on a limited scale, the influence 
both of solar and sky radiation is traceable in these observations. 

ROYAL INSTITUTION OF GREAT BRITAIN. 

Friday, February 3, 1871.—‘ On some Experiments on Succes- 
sive Polarization of Light made by Sir C. Wheatstone.” By W. 
Spottiswoode, Esq., Treas. R.S. and R.I. 

The experiments which formed the subject of this discourse were 
made by Sir Charles Wheatstone some years ago, but the pressure 
of other avocations delayed their publication. ‘The term ‘ Succes- 
sive polarization ” was applied by Biot to denote the effects produced 
when a ray of polarized light is transmitted through a plate of rock 
crystal cut perpendicularly to the axis. The plane of polarization 
is found to be changed on emergence and through a different angle 
for each homogeneous ray. The introduction of instrumental means 

_ for converting the plane polarization of the ordinary apparatus into 
successive, or, as it is more commonly called, circular polarization, 
and the explanation of the phenomena thence arising, constitute the 
main purpose of the communication. ; 

Polarized light is distinguished from common light by the pre- 
sence of certain peculiarities not ordinarily found ; but the peculi- 
arities in question cannot be discerned by the unassisted eye, and 
require special instrumental appliances for detection. A simple mode 
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of bringing light into the condition in question is by allowing it to 
pass through a plate of the crystal called tourmalin, cut parallel to 
the axis; and if the light be then examined by causing it to pass 
through a second similar plate, held parallel to the former and caused 
to revolve like a wheel in its own plane, it will be found that the in- 
tensity alternately diminishes and revives, being zero for two posi- 
tions 180° from one another, and a maximum for two positions at 
90° from each of the former. This combination of tourmalins con- 
stitutes in fact a polariscope, which in general consists of two parts, 
counterparts of each other—the first for bringing common light into 
the condition in question (in other words, for polarizing), the second 
for examining or analyzing the light. 

The explanation of this fundamental phenomenon is as follows :— 
The vibrations upon which the sensation of light depends, may in 
ordinary light take place in any direction in a plane perpendicular 
to the ray. By the process of polarization they are all brought into 
one direction, still, however, perpendicular to the ray; so that 
throughout the entire ray they lie in one plane. On this account 
the polarization here considered is called plane polarization. There 
are other kinds of polarization, such as circular and elliptic, whose 
names are derived from the curves, or orbits, described by the vibra- 
ting particles. 

There are also other methods for producing plane polarization 
beside that above described (e. g. reflection at particular angles from 
the surfaces of transparent media, transmission through parallel plates 
of glass, &c.); but as they all agree in reducing common light to the 
same condition, it is unnecessary for the present purpose to allude 
to them more in detail. 

If a ray of polarized light fall upon a plate of doubly-refracting 
crystal, it is divided into two, whose vibrations lie in planes perpen- 
dicular toone another. These rays traverse the crystal with different 
velocities, and therefore emerge with a difference of phase. On 
entering the analyzer, the vibrations of both rays are resolved into 
one piane. If the plane of vibration of the analyzer be parallel to 
one of those of the crystal, one ray will be cut off, the other will be 
transmitted without change. In any other position of the analyzer 
the transmitted portions of the two rays will interfere so as to pro- 
duce colour; and if the analyzer be then turned through 90°, the 

portion of the original light cut off in the first position will be trans- 
mitted, and vice versd. 

Of this theory the following are the experimental results :—If a 
plate of doubly-refracting crystal, e. g. selenite, be placed between 
the polarizer and analyzer, and turned round in its own plane, it 
will be found that in certain positions at right angles to one another 
no effect is produced. ‘These may be called neutral positions. In 
all other positions the field is tinted with colour, which is most 

brilliant when the plate has been turned through 45° ‘rom a neutral 
position. If the analyzer be turned, the crystal remaining still, the 
colour will fade, and entirely vanish when the angle of turning 

amounts to 45°. From this position the complementary colour will 
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begin to appear, and will be brightest when the angle of turning 
amounts to 90°. The colour depends upon the thickness of the 
crystal ; so that by a suitable preparation any arrangement of colours 
may be produced. 

So far for plane polarization. The principal of circular or succes- 
sive polarization, as regards the present purpose, is as follows :— 

If two sets of rectilinear vibrations lying in planes perpendicular 
to one another meet and combine, the resulting vibration will be 
curvilinear, whose form and position depends upon the difference of 
phase of the components. If the second set be in advance or in rear 
of the first by a quarter of a wave-length, the resulting vibration 
will be circular ; but the motion will in one case be direct (like the 
hands of a watch), in the other it will be reverse. 

If two sets of circular vibrations in opposite directions meet and 
combine, the resulting vibrations will be rectilinear, and the position 

of their plane will depend upon the difference of phase of the compo- 
nents. If the second set advance upon the first, the plane of resultant 
vibration will undergo direct rotation; if it recede, it will undergo 
reverse rotation. 

If in such an experiment white light be used, the vibrations of the 
different component prismatic colours will (on account of their dif- 
ferent wave-lengths) undergo different retardation ; and consequently 
the resultant vibrations will lie in different planes, arranged in pris- 
matic order. The order will be from red to violet, or vice versd, in 
accordance with the law stated above. 

If a ray of plane-polarized light fall upon a metallic reflector, it 
is divided into two, whose vibrations are respectively parallel and 
perpendicular to the reflector; and the latter is retarded behind the 
former by a difference of phase depending upon the angle of inci- 
dence. If the plane of vibration of the incident ray be inclined at 
an angle of 45° to the plane of incidence, the two rays into which it 
is divided have nearly the same intensity. At an angle, nearly 45°, 
which varies with the metal employed, but which is perfectly definite, 
the intensities become accurately equal. And, further, if the angle 
of incidence have a particular value, dependent upon the nature of 
the metal (for silver 72°), the retardation will amount to a quarter 
of a wave-length. ‘These two rays, on leaving the reflector, will re- 
combine, and, in accordance with the laws above given, will in the 
last-mentioned circumstances become a circularly polarized ray. 
Lastly, the direction of motion in this circular ray will depend upon 
the side on which the original plane of vibration is inclined to the 
plane of incidence ; if, when it is inclined on one side, the circular 

ray becomes right-handed, then, when it is inclined on the other, 
it becomes left-handed. 

Reverting then to the phenomena of double refraction, produced 
by a plate of crystal cut parallel to the axis on a plane-polarized ray, 
let the crystal be placed in such a position that the planes of vibra- 
tion of the two resulting rays are inclined at angles of 45° on the 
two sides respectively of the plane of incidence; and let there be 
interposed between the crystal and the analyzer a silver plate at an 
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angle of 72° to the direction of these emergent rays. Each of these 
rays will, in virtue of the principles enunciated above, be converted 
by reflection into a circularly polarized ray ; but one will be a right- 
handed, and the other a left-handed ray ; and the difference of phase 
produced by the doubly-refracting plate will be undisturbed by the 
reflection. This difference of phase depends, as is well known, upon 
the wave-length—in other words, upon the colour of the light; so 
that the two circular rays will combine to form a plane-polarized ray, 
whose plane of vibration depends upon the difference of phase, 7. e. 
upon its colour. And if, finally, the light be then examined by an 
analyzer in the usual manner, we shall have all the phenomena of cir- 
cular or successive polarization. 

From what has been stated above, it appears that the direction of 
motion in the two circular rays, and consequently the order of colours 
produced, depends upon the position (to the right or left of the plane 
of incidence) of the ray which has been most retarded in its passage 
through the crystal plate. If, therefore, the plate being in a given 
position, the colours appear in an ascending order, then on turning 
the plate through 90° in its own plane, or on turning it over about 
an axis in the plane of incidence, the swifter and the slower rays will 
change position, and the order of colours will be reversed. 

The reversal of the order of colour may be exhibited in another 
way. Uniaxial crystals are divided into two classes :—one, called 
positive (e. g. quartz), in which the extraordinary ray moves more 
slowly than the ordinary; the other, called negative (e. g. Iceland 
spar), in which the ordinary ray is the slowest. If, therefore, a plate 
of quartz placed with its axis at 45° on one side of the plane of in- 
cidence give the colours in one order, a similar plate of Iceland spar 
similarly placed will give them in the reverse order. 

The same principles apply to the case of biaxial crystals cut parallel 
to a plane containing the two optic axes. A ray of plane-polarized 
light transmitted through such a plate is divided into two, whose 
vibrations respectively bisect the angles formed by the two axes; 
the line which bisects the smallest angle is called the intermediate 
section, and the line perpendicular to it the supplementary section ; 
and the order of the colours depends upon the relative velocity of the 
two rays. In selenite the ray whose vibrations lie in the supple- 
mentary section is the slowest; in mica it is the swiftest. Hence 
these two crystals will, all other circumstances being alike, give 
opposite orders of colour, and may be regarded as positive and ne- 
gative respectively, like quartz and Iceland spar. 

The phenomena by which these principles may be illustrated are 
very numerous and varied, but are better seen than described. 

LIV. Intelligence and Miscellaneous Articles. 

ON A BAROMETER WITHOUT MERCURY. BY A. HELLER, PRO- 
FESSOR OF PHYSICS IN THE OBER-REALSCHULE IN OFEN. 

ee atmospheric pressure at a given time and place may be deter- 
mined either by means of an apparatus which depends upon the 

principle of communicating-tubes, or by determining the specific 
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gravity of the air, and calculating therefrom the expansion at the 
time. The former method is in universal application in the mer- 
cury barometer; the latter one has not hitherto been used in barome- 
tric measurements. 

The apparatus which I have prepared and employed, and by which ~ 
the atmospheric pressure can at all times be determined, consists of 
a scale-beam, to the ends of which are screwed two bodies nearly 
equal in weight but greatly differing in volume,—a hollow sphere 
and a solid cylinder*. On one end of the beam is a mirror which 
is approximately at right angles to the axis of the beam. At some 
distance from the apparatus is a telescope with a vertical scale, 
the image of which in the mirror is observed by means of the tele-. 
scope. It is clear that when there is any change in the expansion 
of the air in the vicinity of the apparatus, the beam will indicate va-_ 
rying angles with the horizon, which angles may easily be read off 
in the mirror by means of the telescope. 

The variations of the scale-beam in consequence of alterations in 
the pressure will not amount to much, if the dimensions of the appa- 
ratus are moderate ; but the use of Poggendorff and Gauss’s method 
of reading affords such a degree of accuracy that, as a brief calcula-: 
tion shows, under assumptions which are easily realized, the changes. 
in the position of the beam can be measured with far greater cer- 
tainty and accuracy than the height of the mercurial column in the’ 
ordinary barometer, provided the whole construction is light, and 
that its centre of gravity is at a short distance from the knife-edge 
of the beam. 
We will assume that the beam in dry air at the temperature 0° and 

under a pressure of 760 millims. is in equilibrium, and thatwe have :— 
Q, the true weight (reduced.to vacuum) of the hollow sphere ; 
Q,, that of the solid cylinder ; 

V, and v,, the corresponding volumes at 0° ; 
@ and ¢,, the corresponding coefficients of expansion ; 
a, the coefficient of expansion of air ; 
B, the expansion of air; ¢, the temperature ; 
T’, the expansion of the aqueous vapour in the air ; 
G, the weight of the entire construction; 
h, the distance of its specific gravity from the axis of rotation; 
u, the length of the arm of the lever. 

The tangent “of the angle of deflection of the beam is then 
B—3T 

—V,(1+¢t)—v,(1 Na 1293) ee Q—Q, o(1+9t)—v,(1 + 9,8) oot 760 millims. 

h 
G- 

* Thus far the apparatus I have sre is in principle identical with 
Guericke’s dasymeter or manometer. That arrangement is, in fact, a ba- 
lance in which equilibrium is established by means of weights. Gerstner 
(senior), who has coustructed the most accurate manometer, used it in de- 
termining the specific gravity of air under varying conditions of pressure 
and temperature. This he effected by adjusting a sliding weight ona 
graduated scale-beam. The apparatus fell into disuse in consequenee of 
the subsequent more accurate measurements. 
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whence 
do cost Vl +gt)—r(l+9t) 1 0:001293 
ay (. ae I-at 760 

a 

gives us the measure of the delicacy of the instrument, which therefore 
reaches the maximum about the horizontal position of the beam. 
As, moreover, the greatest deflection only amounts to a few degrees, 
the delicacy can be regarded as constant. Ona certain assumption, 

‘calculation gives for an increase in the pressure of 1 millim. a deflec- 
tion of a few millimetres (4 to 5) of the scale. 

But the present apparatus not merely gives a determination of the 
pressure of the atmosphere with at least as great a degree of accu- 
racy as the mercury barometer, but appears also to have several 
material advantages over this, as it is liable to far smaller errors. 

In every instrument which serves for the measurement of a vari- 
able force it is essential that it require the movement of as small 
masses as possible, and the more so the quicker the changes which 
it is to indicate ; for under certain circumstances results greatly 
varying from actual fact would be obtained. 

In the mercury barometer the movement of a column of liquid of 
considerable weight is essential in indicating changes in the atmo- 
spheric pressure; this heavy column of mercury will only be set in 
motion if the impulses are accumulated in such a manner that they 
can overcome the resistance along the entire surface of the tube and 
acquire a certain velocity. If the change in the pressure take place 
with great velocity, the mercury barometer, in virtue of its inertia, 
will never indicate the actual pressure, and never its highest or lowest 
value. 

From its small size, as well as from the small resistance to its 
motion, the above apparatus is far less exposed to this objection; 
and we shall probably be enabled by its means to follow such rapid 
changes in the pressure of the atmosphere as in the ordinary baro- 
meter can only be expressed by mean values. 

A further disadvantage of the ordinary barometer is that, as a 
matter of fact, the Torricellian vacuum always contains mercury 
vapour of small tension and also atmospheric air, and the more of 
this the longer the instrument has been in use. And although a 
correction may be introduced for the vapour of mercury, its action 
upon the capillary depression, as well as the air in the Torricellian 
vacuum, cannot be accurately allowed for. 

Finally, the use of the mercury barometer presupposes filling it 
with mercury of a precisely definite specific gravity, which also pre- 
sumes an impossible condition ; for chemically pure mercury cannot 
be obtained without difficulty, and does not keep, but partially 
oxidizes after atime. Now experiments have shown that the smallest 
impurity in the barometric liquid has a material influence on the 
capillary depression. 

Defects analogous to these the new instrument does not seem to 
have, provided the beam be constructed with that care which is 
usually bestowed upon delicate balances. 
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The author intends in due course to report upon comparative 
measurements with mercury barometers and this instrument.——Pog- 
gendorff’s Annalen, February 1871. 

Ofen, December 28, 1870. 

INVERSION OF THE SODIUM-LINE. BY A. WEINHOLD. 
The usual mode of inverting the sodium-line (in which feebly lu- 

minous sodium vapour is interposed between an ignited body and 
the slit of the spectroscope) requires great brightness in the white 
light, in order that the quantity of light absorbed by the sodium 
vapour may be considerably greater than that radiated by it, and 
thus the sodium-line be considerably feebler than the adjacent parts 
of the spectrum. 

It was to be expected that the inversion would take place more 
readily if the brightness of the parts of the spectrum adjacent to 
the sodium-line could be as much increased as the brightness of the 
sodium-line is increased by the luminosity of the sodium vapour. 

This can be very easily effected. A small petroleum lamp is 
placed in front of the slit of a small spectroscope consisting merely 
of a tube (without lens) and a powerfully dispersing prism; and a 
spirit-flame intensely coloured by common salt is so placed between 
the spectrum and the eye that it covers the entire spectrum ; there at 
once appears a very distinct dark sodium-line, while the same spirit- 
flame placed between the petroleum lamp and the slit brings out 
the sodium-line bright and luminous. 

In the first position the entire spectrum seems illuminated by the 
yellow light indicated by it, and therefore the sodium-line is less bright 
than the adjacent parts of the spectrum by the entire amount of the 
absorption ; while in the second position these parts are not at all 
altered or the sodium-line enfeebled by the absorption of sodium 
vapour, but strengthened by its own radiation. 

If the lamp-wick be only rubbed with salt, it is only in the first 
few seconds after lighting that it is intense enough to produce a 
distinct inversion ; it is better before filling the lamp with alcohol 
to dilute this with water and then saturate it with salt; occasional 
rubbing of the wick between the finger is advantageous even here, to 
make the sodium-line of a dense black. _ 

There is a slight difficulty which very short-sighted people expe- 
rience in finding the right accommodation for the slit, and not for the 
alcohol-flame. ‘This difficulty is lessened by placing a wire in front of 
this slit, which then appears as a dark horizontal line in a continuous 
spectrum, and shows how the proper accommodation is to be effected. 

The use of a spectroscope with telescopes gave no good results. 
Owing to the small distance of the eye, the flame cannot be placed 
between the eyepiece and the eye; and placed between the prism 
and the object-glass it confuses the picture too much, owing to the 
currents of hot air. From the construction of my apparatus an ad- 
justment in an incision of the slit-tube close behind the slit, or be- 
tween the object-glass and eyepiece of my telescope near the col- 
lecting-lens, was not possible.—Poggendorff’s Annalen, Feb. 1871. 
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LV. On Approach caused by Vibration. By various Authors. 
Edited by FrepERICK GUTHRIE. 

To the Editors of the Philosophical Magazine and Journal. 

GENTLEMEN, 

ae following communication is divided into three parts, as 
follows :— 

Part I. Synthetical View of the Forms and Forces of Matter. 
By Dr. Jutzs Guyor. 

Part II. Acoustic Repulsion and Attraction. By K. H. 
SCHELLBACH. 

Part III. Approach caused by Vibration, being five Letters 
addressed to me by Sir Wi1Lu1AM 'T'HoMson. 

Dr. Guyot’s paper was first brought to my notice on read- 
ing Herr Shellbach’s second paper. On turning to the ori- 
ginal I found that Dr. Guyot had anticipated so many of Herr 
Shellbach’s and my own experimental results, that it became 
an obvious duty on my part to bring Dr. Guyot’s claim to be 
the experimental discoverer of this highly interesting class of 
phenomena before your readers, to most of whom Dr. Guyot’s 
experiments may be as unfamiliar as they were a short time ago 
to myself. 

Your readers will also certainly be interested in Herr Shell- 
bach’s experiments on acoustic repulsion and attraction. It 
appears from Herr Shellbach’s paper No. 1 that his experiments 
therein described were performed independently of, and nearly at 
the same time as mine. Herr Schellbach’s papers 2 and 8 are 
specially interesting, as they bear upon the conclusions drawn 
by Sir W. Thomson concerning the same subject. 

Phil. Mag. 8. 4. Vol. 41. No. 275. June 1871. 2H 
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Some of these conclusions are contained in five letters which 
Sir W. Thomson has done me the honour of addressing to me, 
and which I give with permission on pp. 423-429, in the be- 
lief that they are of too great interest and importance to remain 
unpublished. The first of these letters formed the substance of a 
communication to the Royal Society of London, and appears in 
the Proceedings of the Royal Society for 1871, No. 125, p. 271. 

I need not point out that great additional interest has been 
given to the subject by Professor Challis’s interesting paper in 
the April Number of your Magazine. | 

I remain, Gentlemen, 
Your obedient Servant, 

FREDERICK GUTHRIE. 

I. Synthetical View of the Forms and Forces of Matter. 
By Dr. Guyot*. 

All who occupy themselves with general physics have doubt- 
less read Mr. Grove’s ‘ Correlation of the Physical Forces,’ either 
in the original or in the French translation of M. PAbbé Moigno, 
published in Paris in 1856 with notes by M. Séguin, sen. Mr. 
Grove published the first edition of his work in 1848, and he 
himself dates its commencement from 1842. 

M. Séguin, sen., while admirimg Mr. Grove’s synthetical 
train of thought, claims, so to say, the priority thereof for his 
uncle, the celebrated Mongolfier, or rather for himself as his 
uncle’s intellectual legatee. Nevertheless he declares that it 
was only in 1848, after Mr. Grove’s publication, that he thought 
of disinterring from its crypt the scientific treasure of which he 
was heir. Soon afterwards (in 1852) he founded the Cosmos 
under the editorship of the learned Abbé Moigno, and pub- 
lished a great number of articles, which, together with the notes 
added by him to the translation of Mr. Grove’s work, complete a 
synthetical theory which has only, as a real and certain date, the 
date of its publication. : 

M. Love, a most distinguished engineer and, I imagine, one ~ 
of our colleagues, has just published this year an extremely in- 
teresting work in the same direction, or which is at least in- 
spired by the same synthetical idea of the correlation of the 
physical forces. This work is entitled Essai sur ?Identité des 
agents qui produisent le Son, la Chaleur, la Lumiere, et ? Elec- 
tricité (Paris, 1861). Mr. Grove still remains at present the 
founder of the school, the first popularizer of the idea. 

He would indeed remain so did not the dead arise from their 

* “Coup d’ceil synthétique sur les formes et les forces de la matiére. Note 
sommaire présentée au Cercle de la Presse Scientifique dans la Séance du 
4 Juillet 1861” (Presse Scientifique, 1861, t. i. p, 130). 
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tombs. Unfortunately I am compelled to resuscitate them. 
The school is broken up and the disciples are scattered when 
M. Love admits an electric fluid, when M. Séguin reestablishes 
a luminous fluid, and I raise before the readers of the Presse 
Scientifique the obituary stone in honour of my ‘ Elements of 
General Physics,’ published in 1832, ten years before Mr. Grove, 
twenty years before M. Séguin, thirty years before M. Love. 

God forbid that I should seek in any way to detract from Mr. 
Grove’s work, from M. Séguin’s publications, or from M. Love’s 
book. I recognize their great value, and I leave that intact. 
They have maintained the analogy and the identity of the phy- 
sical forces by fact, arguments, and calculations which have 
strengthened the idea and familiarized it to a great many 
minds. But they have not entirely deprived it of obscurity, 
and have not yet given it that character of simplicity and uni- 
versality demanded by a simple and prolific law of general 
physics. 

It is not my purpose, moreover, to discuss a sterile question 
of priority ; but I think I may be useful to science in proposing 
myself as a workman in the workshop of scientific progress. 
Respecting the work of others, ought I not to make known my 
own, and state since when and by what title I have been ap- 
preuticed ? 

Only in this sense I offer to the readers of the Presse Scien- 
tifique my ‘ Hlements of General Physics,’ and refer their date 
to 1832. At this epoch I had established and proved:—(1) that 
there exist two kinds of matter, identical in principle, essenti- 
ally different in form; (2) that there exist two kinds of move- 
ments, identical in principle, essentially different in their mani- 
festations—the movement of franslation or bodily (‘‘ du corps”), 
and the movement of vibration or molecular; (3) that move- 
ment is essential to matter and proportional to mass; (4) that 
the movement of translation and the movement of vibration 
are reciprocally complementary and change into one another ; 
(5) that attraction (? gravitation, F. G.), magnetism, and elec- 
tricity are the most general consequences of molecular motion ; 
(6) that the second degree of molecular motion constitutes 
heat ; (7) that the third degree of molecular motion constitutes 
light ; (8) that taste and smell are relative manifestations of 
molecular motion; (9) that sound is a mixed motion, com- 
pounded of the motion of translation or “bodily,” and the 
motion of vibration or molecular; (10) finally, that all the pro- 
perties, either physical or physiological manifestations, of bodies 
are derivatives of the translatory or vibratory motion. 

What I advanced at the above date | am now prepared to es- 
tablish and demonstrate with greater clearness and confidence, 

2H 2 
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because for thirty years my mind has not ceased to work, to ob- 
serve, and to reason in the same direction. And I have been 
thus led to valuable discoveries—discoveries which ought to 
serve for the mechanical proof of the cause and effect of attrac- 
tion. As starting-point (point d’appui), and as base of the syn- 
thesis which I am about to develope, I ought again to call the 
attention of the readers of the Presse Scientifique to my work on 
the movements of air and the pressure of air in movement 
(Paris, 1835), a work which experimentally demonstrates the 
attractions of bodies suspended in space by sonorous bodies in 
vibration. 

The subject which I am about to attack is so vast and diffi- 
cult to explain, that I cannot commence it without having pre- 
viously asked for the kind and patient attention of my readers. 
I shall certainly announce a number of propositions which will 
appear more than doubtful, and I cannot stop to discuss and 
prove them one by one; but, by the patience and kindness of 
my readers, they will become evident as they are developed. I 
therefore ask for provisional faith ; and I think it is in harmony 
with the spirit of my readers to grant me this preliminary faith 
in regard to all matters advanced, with the reserved privilege of 
judicially deciding after having heard. In fact, knowledge ac- 
quired and established, bases its arguments on the principles 
and facts which it has accepted. 

The spirit of discovery is chiefly supported by principles and 
facts which are unknown or not received. 

Knowledge is therefore the born and legitimate adversary of 
every truth which seeks other bases than its own. It is often 
observed that learned official bodies energetically and for a long 
time reject truths and facts which afterwards take first rank 
amongst those adopted by science. 

If I am not mistaken, the readers of the Presse Scientifique 
are constituted so as to hasten all kinds of progress by avoiding 
the principal and necessary fault of accepted science—namely, 
that of judging without hearing, or of judging according to 
ancient laws the novelties which are presented to it, and of pro- 
nouncing impossible every thing which is not derived from its 
codes, and still more so that which oversets them. From this 
point of view the Press Scientifique has a strong raison d’étre + 
and its foundation will render incalculable services for ever, be- 
cause, for ever, present knowledge will repel future knowledge 
until the latter shall have become achieved science; and then 
the latter, being received as orthodox science, will in its turn 
become the enemy of that which it does not know. Such is 
the continual and legitimate contest between the past and the 
future, between tradition and the work of progress. The rea- 
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ders of the Presse Scientifique, by undertaking to entertain all 
new scientific theories without denying and without rejecting 
them @ priori, perform a function of the highest importance. 
Official science is conservative. The readers of the Presse place 
themselves at the head of scientific progress. 

On Matter and its Forms. 

Before considering matter in the exercise of its forces (that is, 
of its movements), it is well to make, so to say, an inventory of 
the principal forms under which it presents itself directly to 
our senses, or indirectly to our sense of induction. 

The form of matter which falls the first under our senses 
is that of bodies considered isolated. Bodies affect three forms, 
the solid, liquid, and gaseous. In nature we usually see solids 
grouped together, liquids united in considerable expanses, and 
gases forming immense zones. In these collective forms the 
solids constitute solid media, liquids liquid media, and gases 
gaseous media. The term medium is properly applicable to 
solids, liquids, and gases when we consider a body contained in 
or surrounded by them. 

Media grouped in spheroidal masses present us matter in the 
form of the heavenly bodies—the sun and stars; in the form 
of planets—Mercury, Venus, the Earth, Mars, the new smaller 
planets as well as the more ancient, Ceres, Juno, Pallas, Vesta, 
Jupiter, Saturn, and Uranus; and in the form of the earthly 
satellites and those of Jupiter, Saturn, and Uranus. 

If we descend again to the earth we learn that solids, liquids, 
and gases are formed of different substances, simple or compound, 
called mineral. Wesee there organized parasites generally fixed 
in the solid medium, and growing im the liquid or gaseous me- 
dium: these are plants. Finally, we see other systems of in- 
dependent bodies which are also parasites of the earth, which 
climb, walk, swim, or fly upon or in the solid, liquid, or gaseous 
media: these are animals. 

Science, by induction or experimental deduction, takes us 
further: it shows us all the bodies of the earth formed of infi- 
nitely small molecules, simple or compound, remaining always 
the same, whether they constitute minerals, vegetables, or 
animals. 

Atomic elements are exceedingly few in number: twelve or 
thirteen metalloids and forty or fifty metals, suffice to give rise 
to the millions of varied forms of all the bodies which we know 
on the earth; and chemical philosophy readily leads us to sup- 
pose that these elements may be reduced to one or two. 

Such is the totality of the forms assumed by pressible, pon- 
derable matter which is atomized (that is, grouped im atoms), a 
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totality which extends to the whole universe and occupies all 
space. I say that this matter grouped in atoms occupies all the 
universe; I do not say that it fills it, because the universe is 
filled by elementary matter,—simple, subtle, impressible, im- 
ponderable, not atomized or grouped in atoms (non atomizée, 
non groupée en atomes). Not but that its element is an atom, 
for it is indeed the absolute atom; but this atom is free from 
all combination, it is infinitely more subtle than any atom of 
coercible matter. 

The existence of this incoercible matter has always been ad- 
mitted by the greatest philosophers and the greatest physicists 
under the name of the subtle substance, or, more generally, 
eether. 

AAther, in fact, constitutes the fourth state and the fourth 
medium of matter. It is the most abundant of the states; it 
is the medium of media. It contains all the stars, all the pla- 
nets, all the satellites. It fills wp all the intervals of their at- 
mospheres, of their oceans, and of their solid cores. It penetrates 
into all gaseous, liquid, and solid bodies, and fills up the inter- 
vals of their molecules. In a word, ether is to some extent, in 
regard to the ponderable matter of the universe, what ‘‘ mother- 
liquors ” are to the crystalline matter which they hold in solu- 
tion, and to the crystals which are formed within them. dther 
is the mother-liquor of the world. All space void of coercible 
matter is occupied by it. Not only is there no such thing as 
an absolute vacuum in nature, but, on the contrary, ponderable 
and imponderable matter are in an absolute and relative condi- 
tion of enormous tension. The equilibrium andthe phenomena 
of the world only exist under the condition of the constant 
pressure of the incoercible matter upon the coercible matter and 
the reaction of the coercible matter upon the incoercible. 

“tis On Movement, or the Forces of Matter. 

Matter has only one property—namely, movement. Movement 
can only exhibit itself to our senses and to our spirit of induc- 
tion through matter and in matter. And, reciprocally, matter 
is only perceptible to our senses and comprehensible by our 
minds by its movements. Movement is inherent in and essen- 
tial to the smallest atoms, as well as to the greatest material 
systems. In the whole universe we cannot discover a single 
particle of matter which is in absolute rest. Matter and move- 
ment are two creations of the same principle ; they are consub- 
stantial, and accordingly proportional to one another. 

The first notion which we can have of motion cannot arise 
from the infinitely small molecules of bodies, because they es- 
cape the impressionability of our senses. They reach us, there- 
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fore, from the change of place effected under our eyes by 
bodies themselves. Hence motion has been defined as the 
motion of a body from one point of space to another. In order 
that this definition might be exact, it would be necessary to say, 
“motion is the passage of bodies and atoms from one point of 
space to another,’ because a particle, a molecule which we 
can neither see nor touch, may also change place in the body of 
which it forms part, and such is clearly a motion identical in 
principle with the motion of bodies. The difference of the two 
motions is only relative ; the one is exterior to, the other is in- 
terior, in the body. But, wonderful to relate, observation of all 
the phenomena of nature shows that they transform themselves 
the one into the other, and are thus mutually connected and 
complementary. The more of exterior motion a body accom- 
plishes, the less is there of internal motion, and inversely. In 
other words, the same quantity of matter always possesses the 
same amount of motion. 

The inertia of matter is therefore an error. ‘ What does it 
signify ?”” say the learned who are more mechanicians than phi- 
losophers ; “if the hypothesis of inertia permits us to calculate 
all the facts of equilibrium of motion and of force which 
occur on the surface of the earth, or rather in our physical and 
mechanical operations, that is all we want. Whether an hy- 
pothesis be true or false, if it be in accord with facts, if it be a 
sure guide for practical questions, we call it true.” 

I grant that a mechanic or practical man may hold such lan- 
guage; but they who feel the importance of truth, they who 
understand that its quest is the most beautiful mission of the 
human mind, and that its discovery and enunciation infallibly 
guide humanity in the path of moral and material progress, 
such, I say, will never admit that a false hypothesis ean have 
the same value as a true one, they will never allow that the at- 

_mospheric vacuum is as well explained by the horror of nature 
as by the weight of the atmospheric column; and yet these two 
explanations express equally well the same fact. Inertia is an 

“hypothesis as little refined as that of the horror of a vacuum ; 
it explains nothing, and stereotypes error in face of the most 
brilliant truths. Does inertia explain the motion of the heavenly 
bodies? Does it explain the motions of animals? No. But 
the sidereal systems comprehend all known matter; and animal 
organizations form the last term of material combinations. 
Inertia therefore remains impotent in regard to the spontaneous 
phenomena of the one or the other kind; between the alpha and 
omega of the world it only claims a puny territory, namely the 
relative movement and rest of bodies in equilibrium amongst 
themselves in a system full of life. vag 
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Although the exterior and interior motions of bodies are one 
and the same thing, yet the manifestations and effects are 
very different upon our senses and our organization, and not 
less different in their physical and chemical actions upon in- 
animate bodies. 

To study these two great divisions of motion we shall desig- 
nate them by their most generally received names, translation 
and vibration. 

Motion of Translation. 

The motion of translation is, as we have said, the passage of 
a body from one point of space to another. Is this apparent 
and external motion engendered in the heavenly bodies by the 
internal motion of their molecules as it is with animals? Or is 
it rather primitive and spontaneous? and do the molecules of 
the heavenly bodies only enter into vibration when their move- 
ment of translation cannot satisfy the sum total of motion essen- 
tial to their mass? : 

This question solves itself after the study of vibration. For 
the present it is sufficient to say that the movement of transla- 
tion, be it the cause or the effect. of the movement of vibration, 
always strives to take place in straight lines; and if bodies move 
in curved or broken lines, their change of direction is due to 
some dominant influence. 

The motion of translation of all bodies tends to take place 
with the same velocity ; and this velocity is immense and indefi- 
nite. But bodies do not move with the same force, unless they 
possess the same number of elementary atoms. Velocity re- 
sides in the atom, and the force of motion in the number of 
atoms; and this stands to reason. Twenty men have only the 
velocity of one man, but they have the strength of twenty. 
Nevertheless force only exists and only appears as the resistance 
to velocity. The smaller the velocity becomes, the greater is 
the force, and inversely. So that if the velocity were infinite 
(absolue) for each atom of a body, the force would be zero in a 
body of one as in a body of athousand atoms. And inversely, if 
the velocity were completely stopped, the effort of the atom or 
body would attain its maximum. The forces of nature are 
therefore only resistance to motion in direction or velocity, or 
the production of motion with a velocity and direction which 
overcome certain obstacles. This oscillation between force and 
velocity is nothing but the ceaseless transformation of motion of 
translation into motion of vibration, and vice versd. And this, 
I hope, will appear from the study of the motion of vibration, 
a study the least advanced, but the most necessary for the un- 
derstanding of general physics. 
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After the study of vibration we shall have to explain the 
movement of translation of the heavenly bodies and of pla- 
nets, and satellites on their axes, the orbital motion of planets 
and their satellites, the movement of atmospheres and oceans, 
the motions of sidereal systems, the motions of animals and 
the motions of mechanical and physical translation found on 
the surface of the earth. 

On the Motion of Vibration, its varieties and their effects. 

There is no single material molecule in the universe which 
does not accomplish a motion of vibration more or less extended 
and more or less rapid. More rapid if it be less extended, more 
extended if it be less rapid. The simple atoms of ether, the 
systematized atoms of media, gaseous, liquid, and solid, those 
of each of the different bodies (elements) which form the three 
latter media execute, each in the place it occupies, the move- 
ment of vibration proper to it. 

Is vibration a motion to and fro, or a motion of oscillation from 
one molecule to another? Is it a simple orbit, or one accom- 
panied by axial rotation? Is it an elliptic or a spiral motion ? 
Genius will find this out; science will ultimately determine it : 
for the present it is sufficient to know that all the molecules of 
bodies, both the densest and the rarest, of platinum as well 
as of hydrogen, are at a distance from one another, isolated from 
one another, free from one another, and that this distance, 
this isolation, this liberty of association can only be due to their 
permanent activity, to their vibration, greater or less, quicker or 
slower. Hach molecule is a power or force in function, a move- 
ment of vibration which influences surrounding molecules in the 
way of contact or cooperation; and each body is the resultant 
(résumé), the total of these forms of which each molecule is the 
unit. ‘The more dense and the larger a body is, the greater 
is the sum of the motions it has to perform. Whatever of these 
motions it dees not accomplish in translation, it accomplishes 
in vibration, and vice versd. 

Vibration includes three components—mode, number, and am- 
plitude. The minor mode constitutes electricity, the mean mode 
heat, and the major mode light. Number constitutes the degrees 
of electricity, of heat, and of light. Amplitude constitutes the ca- 
pacities, the dilatations, and the gaseous, liquid, and solid states. 
The power of attraction is common to all these modes of vibration. 

These three orders of vibratory movement of the molecules 
of ponderable bodies (namely, electricity, heat, and light), in 
passing from the one order to the other, conserve their intrin- 
sic characters, but they acquire others which are very different 
and altogether individually characteristic. These resemblances 
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and variations will be the subject of special subsequent study ; 
for the present, and in the first place, I ought to make known 
how gravitation, attraction, weight, density, cohesion, fusibility, 
solubility, and affinity are the immediate and necessary conse- 
quence of the state of vibration of the ponderable molecules of 
bodies reacting upon. the elastic pressure of the imponderable 
medium which everywhere touches them. 

Here the subject becomes so grave, it is of so much import- 
ance to science that the theory of universal gravitation should 
be understood, that I must prepare the minds of my readers by 
submitting to them material and sensible analogies and palpably 
verifiable facts. 

If in the atmosphere, an elastic medium possessing at the 
same time expansibility and definite pressure, we conceive there 
to be two hemispherical cups of solid matter fitting on to one 
another exactly by friction, so as to form a sphere like that 
formed by the Magdebourg hemispheres, we may seek in vain 
to make them adhere to one another, that is, to give them mu- 
tual cohesion, if we do not have recourse to the well-known 
means of rarefying the air within the touching hemispheres. 

As soon as we have, by the air-pump or some other means, 
diminished the interior pressure on the hemispheres, the two 
adhere. Their adhesion is smali if but little aw has been 
withdrawn; they have a cohesion almost equal to the total pres- 
sure of the atmosphere if nearly all the interior air is removed. 

Let us consider the case when the two hemispheres adhere by 
reason of the withdrawal of, let us. say, a hundredth of the air 
which they contain. They may be separated in three ways :— 
(1) by applying to each hemisphere an opposite pulling-force: 
equal to 10 grammes per superficial centimetre; (2) by gently 
heating the sphere so as to restore to the air in it the hundredth 
of pressure which it lacks; and (8) by placing the sphere under 
the receiver of an air-pump and exhausting the air in this re- 
ceiver until the external pressure is equal to or less than the 
internal pressure. In each of these three cases the hemispheres 
will separate—in the first by vending asunder (arrachement) or 
overcoming the force of cohesion, in the second by heat-fusion 
(fusion calorifique), and in the third by solution (dissolution) in: 
a fluid of equal pressure. : : 

That which we see take place with two hemispheres we may 
obtain in the case of a cube formed of eight or twenty seven or 
other number of little hollow spheres opening into one another 
at their poles by holes whose edges are ground air-tight. On 
diminishing the interior pressure, which by its equality with the 
exterior pressure allows the spheres to move freely among one 
another, and putting them into exact contact at the moment 
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when their interior pressure is diminished, they will adhere to- 
gether and present all the properties of a solid body. Further, 
if the little spheres were separated from one another by little 
tubular washers of caoutchouc between their communicating ori- 
fices, and if half the air were taken out of the spheres either by 
previous heating or by the air-pump, the imitation of the solid 
body so resulting would present all the appearances of contrac- 
tion by cold, of expansion and fusion by heat; all the phenomena 
of extension by stretching or by rarefaction, of contraction by 
external pressure, and all those of destruction by mechanical 
rending, or by solution in a rarefied medium. Any instrument- 
maker could thus construct a solid body which would be elastic, 
expansible, dilatable, fusible, and soluble. . 

The approximation of the atoms of bodies of ponderable 
matter may therefore be due to the rarefaction of the imponde- 
rable fluid, and consequently to the diminution of its pressure 
in the space separating the atoms of the same body. And this 
approximation will be greatest and strongest accordingly as the 
interior rarefaction is greater, the exterior pressure being in- 
versely as the interior. This hypothesis would be more than 
probable, it would be true, if it were shown that the vibration of 
the atoms of bodies may, and actually does, cause a rarefaction 
in the sphere of activity cf each of the atoms. 

If this proof could be given, we should be obliged to admit 
_ that attraction is a mechanical force composed (1) of the rare- 

tn 

faction of the ether in the interior of substances, of media, of 
_ heavenly bodies, brought about by the power of vibration of the 
' atoms of ponderable matter; (2) of the reaction of the pressure 
_ of the exterior ether upon’ substances, media and heavenly 
\ bodies—a reaction measured by the general tension of the im- 
j ponderable and incoercible fluid which constitutes the mother- 
_ liquor* of the world, the universal medium. 

To gain a rational idea of the phenomena which take place in 
the physical world inaccessible to our direct means of observa- 
tion, we must have recourse to analogies, to examples found 
amongst the class of phenomena which are visible, which are 
appreciable. I therefore said to myself thirty-seven years 
ago :— 
“If it be true that the atoms of ponderable matter on rapidly 

striking im their vibrations the etherial elastic medium in a 
state of tension in which they are plunged rarefy the ether 
around them and diminish its pressure in the spheres of their 
activity, and if this diminution of pressure results in the 

* Eaux meres. The apparent grotesqueness is of course the fault of the 
translator ; the translator, who is the editor, imagines the expression to be 
equally grotesque and admirable.—F. G. 

x 
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attraction of other atoms, then it should also be true that a so- 
norous body acting on the air, on water, or other elastic medium 
will rarefy the fluid which envelopes it and attract to its sur- 
face bodies suspended or floating within the sphere of its acti- 
vity. This question was neither proposed nor solved when I 
published my Eléments de Physique Générale. It was proposed 
and solved mm 1882 and 1835, at the date of publication of my 
work on the movements of air and the pressure of moving air. 

In 1832, during more than six months of varied and conti- 
nuous experiments, the phenomenon refused to disclose itself 
to me; but I was convinced of its existence, and I should never 
have given up my search for it but with life. I had vainly tried 
the action of the tuning-fork upon all sorts of substances,when 
a pharmacist drew my attention to the pith of the Sunflower 
(“ grand soleil”’) as a most light and bulky substance, and got me 
some of it. I made a little disk of this substance, which was 
attracted by the fork. It was attracted in all directions, and by 
all the faces of the vibrating instrument. It was even attracted 
by a needle connected with and forming a continuation of one of 
the prongs of the fork. Once master of the fact at first nearly 
imperceptible, it was not long before I reproduced it with ease and 
made it as palpable as magnetic attraction. I soon found that 
in order to get a proper action it was sufficient to expose to the 
vibrating surfaces a proportionally large surface in the pendulum 
subject to the influence. Rods, cups, cords, and plates in vi- 
bration attract, direct, or repel with the same appearances as 
electrified bodies. They act at a distance, and propagate their 
action through space to all surrounding bodies like electricity, 
heat, and light. x4, 

I take a tuning-fork and put it in vibration in the ordinary 
manner, I bring it near to a disk of vegetable paper hung from 
two silk threads without torsion. The disk is then seen to ap- 
proach the surface from a distance of one or two centimetres, 
to touch the surface and to vibrate with it, and to detach itself 
as soon as by contact the vibration of the instrument is stopped. 
If the vibrating surface be increased by fastening a little card 
on to the external face of one of the prongs of the fork, the 
effects are produced from a greater distance, the pendulum is 
moved and attracted by the card, and remains in contact with 
it for a comparatively long time; and the distance of the attrac- 
tions 1s proportional to the squares of the attracting and attracted 
surfaces*, 

On passing the bow across the edge of a cup or of a bell 
of metal or glass, the same phenomena of attraction are shown 

* It is to be regretted that this important point is stated with some am- 
biguity.—F, G. 
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opposite to the centres of oscillation, as experiment proves. 
But experiment also shows that no such attraction takes place 
opposite the nodes. There is therefore nothing in common be- 
tween the attractions of the segments of vibration and the nodal 
lines traced out by light powders on plates, or exhibited by little 
paper saddles on a stretched cord. Electricity also has nothing 
whatever to do with these attractions, because they occur in me- 
tallic vibrating bodies as well as in those of glass, in water as in 
air. MM. Dulong and Savart, with whom I have repeated my 
experiments, have, moreover, conclusively shown that neither 
nodes of vibration nor electricity play any part in these attrac- 
tions by sonorous vibrations. 

In order better to fix the minds of my readers upon the true 
action of solid vibrating bodies on the elastic fluids which touch 
them, I pour some water into a bell-glass on a stem, and by 
means of the bow I extract the lowest sound which it can pro- 
duce, one sees distinctly four segments in vibration, and four 
nodes which divide the liquid circle into four quarters. 

If the bow be drawn gently along the edge of the vase without 
the slightest deviation, the segments of vibration appear formed 
of rays perpendicular to the surface of the glass, and which are 
longer accordingly as they are nearer to the centre of this seg- 
ment. ‘They are also of a length proportional to the intensity 
of the vibration. If the bow varies in position, the rays cross 
in all directions like the hatching of a drawing. If the vibra- 
tion reach its maximum, the water is powdered and hovers in 
the form of a mist above the liquid. If the bell sounds the 
higher octave, there are eight segments of vibration, smaller, 
but presenting the same phenomena of radiation and projection 
of the water. In both cases the water remains at rest at the nodes 
and in the centre of the vase. 

This experiment proves that the vibrations of solid bodies 
strike and forcibly disperse the elastic media in which they are 

_ plunged, that they rarefy these media in their sphere of action, 
_ and diminish their pressure more and more according to the 

| proximity to their surfaces. 
In order to show this fact still better, I hang a gold coin 

from two threads so that it cannot turn on its axis. I plunge 
it into the water opposite to a segment of vibration, at a 
distance of one or two centimetres from the interior surface of 
the vase, and on setting the vase in vibration by the bow, the 
coin is brought into contact with the glass. If the coin be op- 
posite to a node it is not attracted. 

I shall return later to these experiments, which I shall 
complete by showing that vibrating cords attract at one end and 
repel at the other, that a strip of paper hung in a bell always 
adjusts itself between two segments of vibration. Any one can 
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repeat the experiments (which | indicate in my work on the 
movements of air and the pressure of moving air), and will find 
them correct. 

For the present I content myself with having proved experi- 
‘mentally that a body vibrating in an elastic medium reacts upon 
the medium in such a manner as to diminish its pressure at the 
place of contact and at a distance, the consequence of which is 
that bodies suspended in the ne diivien and within the sphere of 
activity of the vibrating body are brought to the surface of the 
latter by exterior pressure, which overcomes the intermediate 
pressure between the attracting and attracted body. 

That which occurs with vibrating bodies plunged in air ought 
to, and really does, occur in the case of atoms of coercible and 
ponderable matter plunged in ether, because no other explana- 
tion is possible of the phenomena of the formation of solid, 
liquid, and gaseous bodies, and of their transformation one mto 
the other, of their elasticity, dilatability, solubility (affinities of 
the tension of media and of heavenly bodies), of the weight of 
bodies, of gravitation—in one word, of universal attraction sand 

- because this explanation is in accordance with those phenomena 
which we can see and measure. 

Part I1.— Acoustic Repulsion and Attraction. 
By K. H. Scuettpacn*.—No. 1. 

If the action exerted upon one another by atoms at exceed- 
ingly small distances be admitted as comprehensible, we must 
be prepared to admit the extension of the attractive or repulsive 
force to masses at very great distances from one another. 
The distant action of magnetism and electricity would then re- 
quire no special explanation, and is not necessarily a consequence 
of the interposition of a connecting medium. Nevertheless it 
is possible that phenomena of attraction or repulsion at consi- 
derable distances might be occasioned by oscillations of ether 
or alr. 

Certain experiments which I performed last summer and first 
communicated to Herr Professor Quincke appear to support 
this supposition. I brought the flame of a stearine candle 
almost into contact with a tuning-fork fastened horizontally. As 
soon as the fork was set in vibration, the flame was quite di- 
stinctly repelled as long as the fork vibrated. When the flame 
was placed beneath the fork, it was depressed and flattened out 
into adisk. Resonance- disks and organ-pipes in a vertical posi- 
tion exhibited similar phenomena. A candle-flame at the mouth 
of a sounding-box provided with a tuning-fork which made 512 
single vibrations per second, was strongly and continuously re- 

* “ Akustische Abstossung und Anziehung, von K. H. Schellbach,”’ 
Pogg. Ann, vol. cxxxix. St. 4, p. 670. 
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pelled as long as the fork sounded. When the fork sounded 
loudly, the light was extinguished. A gas-flame a centimetre 
m length fed by a narrow glass tube, when placed at the open- 
ing of the sounding-box, split up into two tongues. Smoke 
rising from smoking candles was also repelled. 
My earliest experiments showed that pith-balls hung on 

threads were attracted both by sounding tuning-forks and by 
vertical resonant plates. The above-mentioned sounding-box 
distinctly attracted and brought into contact with itself easily 
moveable metallic sheets and balls, even such as weighed 120 
grammes and were at a distance of eight centimetres. 

I communicated many of these experiments as early as the 
end of last Summer Session (zu Ende des vorigen Sommersemesters) 
to Herr Geheimrath Magnus, who made them known to the 
young physicists who were working with him. Herr Professor 
Poggendorff also saw some of these experiments at my house. 
It seems, however, that all tuning-forks have not equal power 
to produce these phenomena; for when last autumn I wished 
to repeat the same experiments with other apparatus I failed. 

Hitherto, in consequence of press of business, I have been 
prevented from continuing my experiments. Since, however, I 
see, from No. 115 of the Proceedings of the Royal Society of 
London, that Mr. Guthrie has performed similar experiments, 
I feel induced to make this preliminary communication. 

Acoustic Repulsion and Attraction. By K.H. ScurtitBacn*.— 
No. 2. 

] ask permission to communicate the following experiments 
to complete those described in a previous Number of these 
Annals. (See above.) 

Two glass flasks, each holding about 1 litre, were taken; a little 
ammonia was poured into the one, and hydrochloric acid into the 
other, so that their bottoms were covered to a depth of about two 
centimetres. Both flasks were provided with doubly bored 
corks. Atmospheric air from a gasometer was led into the am- 
monia-flask through a tube passing through the cork and reach- 
ing nearly to the surface of the liquid. Hence, through a con- 
necting-tube, the ammonia entered the second flask, formed a 
cloud of sal-ammoniac which passed up a vertical tube having 
an upper orifice of about 2 millimetres, and rose into the air in 
a fine stream, 2 or 3 decimetres in height. Near to the open- 
ing of the exit-tube was placed the mouth of the sounding-box 
before described (see 1), the fork of which gave 512 single vi- 
brations per second. When the rising gas-stream had a mode- 
rate (mittlere) velocity, it became divided as soon as the fork 

* Pogg. Ann. vol. exl. St. 2, p. 325. 
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sounded, into two almost straight currents which diverged from 
one another at an angle of about 30°, and which lay in a ver- 
tical plane perpendicular to the plane of the box’s mouth. When 
the velocity is greater, the influence of the sonorous vibrations 
is still very perceptible, but the gas-stream does not appear so 
perfectly divided ; but when the sal-ammoniac rises very slowly, 

' there is produced either only a very weak repulsion, or else the 
effect of the sonorous pulsations is not to be distinctly de- 
tected at all. If hydrogen, coal-gas, or carbonic acid instead of 
atmospheric air, be led into the ammonia, the appearance is not 
essentially modified. 

If the sal-ammoniac be made to pass through a heated glass 
bulb before it rises, no effect of the heating is seen at first. If 
the bulb be heated too strongly, the air-current becomes invi- 
sible on account of the sublimation of the sal-ammoniac. 

In order to be able to examine the effect of heat, I led a cur- 
rent of atmospheric air over fuming nitric acid and allowed the 
gas to issue from a tube, upon the horizontal limb of which a 
bulb had been blown. The rising stream of nitrous acid, like 
that of sal-ammoniac, was also split into two parts, which were, 
however, not so distinctly separated as in the latter case. On 
heating the glass bulb, the effect of the sound-vibrations was no 
longer distinctly exhibited. All these phenomena could be re- 
cognized in the immediate neighbourhood of the sounding-box, 
and also when the gas-stream rose at a distance of one or two 
decimetres, or even further from it. 

Besides the above-mentioned fork I also made use of a second 
one, which gave 1024 single vibrations per second, and could be 
screwed on to a resonance-box. A glass tube, 64 centims. long 
(that is, about as long as a sonorous wave produced by the fork), 
was fastened horizontally. If now the tuning-fork was set in 
vibration at one end of the tube, a light glass bulb (Glaskugel) 
or a disk was strongly attracted at the other end, and a candle- 
flame as distinctly repelled. . 

All these experiments, however, succeeded much better when 
the larger fork was used, which made 512 vibrations per second. 

These and the previously mentioned phenomena were also 
produced, although to a less degree, when the tuning-fork was 
set in vibration by means of a second fork in unison with it. 
The actions were still visible when the distance between the 

forks was 1 metre. 
The disks and light spheres with which the experiments were 

performed were fastened to the end of a brass needle about 2 
decimetres in length, provided in the middle with an agate cap, 
and moveable like a magnetic needle around a vertical axis. If 
the needle be too long and the disks very light, the apparatus 
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becomes too sensitive to air-currents, so as to be useless for these 
experiments. An ordinary small magnetic needle, carrying on 
the one pole a paper disk of 4 centimetres diameter and on the 
other a small wax ball as counterpoise, is distinctly attracted by 
a vibrating tuning-fork from a distance of more than 1 deci- 
metre. 

The effect of sound-vibrations may be also detected on light 
and even somewhat heavy pendula. A ball weighing 8 kilo- 
grammes hanging from a tbread 2 metres in length could be 
set in visible vibration when the fork was stroked with the bow 
always isochronously with the pendulum’s vibration. It was 
even possible in this manner to set in vibration an iron disk 
weighing 10 kilogrammes which could swing ona string 3 metres 
long fastened to an iron beam in the wall. 

Quite recent experiments of mine have thrown somewhat 
more light on these phenomena. ‘Two sheets of thin plate glass, 
2 centims. long and 15 centims. broad, were fastened on to two 
stands and brought into the same vertical plane, so that a ver- 
tical slit 15 millims. wide was left between them. Ata distance 
of 1 decimetre from the sheets of glass was placed the above- 
mentioned sounding-box with the plane of its mouth parallel to 
the sheets. If now a candle-flame was placed very near to the 
slit, between the slit and the box, it was as strongly attracted 
(drawn away from the slit) as it would otherwise have been re- 
pelled. If, however, the flame was placed on the other side of 
the box* rather near to the slit, it was repelled so as to be 
driven away again from the slit. This experiment explains at 
once the phenomenon presented by the current of sal-ammoniac. 
The rising column of vapour represents the sht, and the sur- 
rounding air corresponds with the rigid glass plate. Hence the 
stream is divided into two divergent branches as above de- 
scribed. It was to be expected that solid bodies might also in 
the same way be repelled by the sonorous vibrations in place of 
being attracted, as hitherto exclusively observed. In fact strips 
of stout cardboard, 15 millims. broad and 50 millims. long, are 
strongly repelled when they are placed at a distance of 5 to 8 
millims. from the slit, between the plates and the box. Placed 
on the other side of the slit, they are attracted. The cardboard 
strips, therefore, approach the slit in both cases. 

By the help of such a slit, which may be made by employing. 
tinplate strips, the attractions and repulsions caused by sonorous 
vibrations may be produced at distances far greater than those 
hitherto noticed. They depend chiefly on differences in the. 

* “Jenseits des Kastchens.”’ No figure is given; from the context I pre- 
sume the expression should be “jenseits des Spaltes,’’ on the side of the 
slit away from the box.—F. G. . 

Phil. Mag. 8. 4. Vol. 41. No. 275. June 1871. 27 
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densities and tensions of the masses of air upon which the vi- 
brations act. When such differences exist only to a small de- 
gree (as, for instance, is the case with a very slowly ascending 
column of sal-ammoniae or of phosphorous acid rising from a 
fragment of phosphorus), the action of the sound-vibration is not 
sensible; it is just possible to perceive that, in the immediate 
neighbourhood of the phosphorus, a thicker mass of phosphorous 
acid is developed at every beat of the tuning-fork. 

Tam not at present able further to pursue these experiments, 
which may be extended greatly; and I should be very glad if 
they were taken up by those physicists who have chiefly occu- 
pied themselves with acoustic investigations. 

In conclusion, I must mention that as early as 1834 M. 
Guyot noticed the attraction which light bodies suffer from a 
vibrating tuning-fork. He adds that this action extends to a 
distance of 9 lines. These observations are quite similar to 
those subsequently made by Mr. Guthrie*. Although a short 
notice of M. Guyot’s experiments is to be found in Pogg. Ann. 
vol. xxxi. p. 640, I was not aware that such was the case till my at- 
tention was directed to it by otherst. M. Guyot, in the Presse 
Scientifique, 1861, tom. il. pp. 246-257, attaches very general 
theoretical reflections to his experiments, without, however, addu- 
cing new experiments upon which to base them. 
My readers are already aware that Mr. Tyndall has already 

made use of ammonia gas in his beautiful experiments on sen- 
sitive flames. 

Acoustic Repulsion and Attraction. ByK.H.Suetipacut. No.3. 

The sonorous vibrations of an elastic medium attract specifically 
heavier bodies to the centre of disturbance and repel specifically 
lighter ones. 

In order to establish this theorem experimentally, a small bal- 
loon of goldbeater’s skin, 2 decimetres in height, was filled with 
atmospheric air and hung ona thread. A second similar bal- 
loon filled with hydrogen was fastened by means ofa thread to 
a table so as to hinder it from nsing. As soon as the above- 
mentioned tuning-fork was set vibrating at a distance of 1 or 2 
centims. from these balloons, the first approached the sounding- 
box till it touched it, the second was violently repelled. This 
repulsion also took place when the top of the balloon was fas- 

* Of course, when writing this, Herr Shellbach was only cognizant of 
the abstract of my experiments in the Proceedings of the Royal Society, 
No. 115, and was not aware of their scope.—F. G. 
+ TI also was ignorant of M. Guyot’s experiments and conclusions. A 

translation of them forms Part I. of the present collection of papers on 
the subject.—F. G. 
t Pogg, Ann. vol. exl. St. 3, p. 495. 
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tened by a thread to a stand, and the bottom so loaded with wax 
fastened to it bya string, that the whole system had a tendency 
to sink. 

In order to test the theorem further, a large glass cylinder 
was filled with carbonic acid, and one of the above-mentioned 
balloons was filled partly with atmospheric air and partly with 
illuminating gas, so that it floated in the carbonic acid and only 
exposed its extreme top above the cylinder. The vibrating fork 
distinctly repelled this balloon. 

Hitherto I have not yet had time to examine the effect of the 
before-mentioned slit upon this system (see 2). 

I may be allowed to add that the influence of such a slit was 
exhibited at a distance of 6 decimetres. 

The majority of the above-described experiments may, more- 
over, be performed with a glass bell-jar such as is commonly 
used for domestic purposes, and with an ordinary easily move- 
able magnetic needle. 

A little machine for striking, the hammer of which is set 
going by an electric current, shows the attraction of a strip of 
paper in a very regular manner; so that when the machine has 
been at work for some minutes, the paper is brought into contact 
with the bell. 

The above observations furnish a sure means for the explana- 
tion of the phenomena offered by the so-called sensitive flame. 

Part III. Letters from Professor Sir W. Thomson ¢o 
Frederick Guthrie. 

Glasgow, Nov. 14th, 1870. 

Dear S1r,—I have to-day received the ‘ Proceedings of the 
Royal Society ’ containing your paper “ On Approach caused by 
Vibration,” which I have read with great interest. The expe- 
riments you describe constitute very beautiful illustrations of the 
established theorem for fluid pressure in abstract hydrokinetics, 
with which I have been much occupied in mathematical investi- 
gations connected with vortex-motion. 

According to this theorem, the average pressure at any point 
of an incompressible frictionless fluid originally at rest, but set 
in motion and kept in motion by solids moving to and fro, or 
whirling round in any manner, through a finite space of it, is 
equal to a constant diminished by the product of the density 
into half the square of the velocity. This immediately explains 

_ the attractions demonstrated in your experiments; for in each 
case the square of the average velocity is greater on the side of 
the card nearest the tuning-fork than on the remote side. Hence 
obviously the card must be attracted by the fork as you have 
found it to be; but it is not so easy at first sight to perceive 

Pe i ae 
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that the square of the average velocity must be greater on the 
surfaces of the tuning-fork next to the card than on the remote 
portions of the vibrating surface. Your theoretical observa- 
tion, however, that the attraction must be mutual, is beyond 
doubt valid, as we may convince ourselves by imagining the 
stand which bears the tuning-fork and the card to be perfectly 
free to move through the fluid. If the card were attracted to- 
wards the tuning-fork, and there were not an equal and oppo- 
site force on the remainder of the whole surface of the tuning- 
fork and support, the whole system would commence moving, 
and continue moving with an accelerated velocity in the direc- 
tion of the force acting on the card—an impossible result. It 
might, indeed, be argued that this result is not impossible, as it 
might be said that the kinetic energy of the vibrations could 
gradually transform itself into kinetic energy of the solid mass 
moving through the fluid, and of the fluid escaping before and 
closing up behind the solid. But “ common sense” almost suf- 
fices to put down such an argument, and elementary mathema- 
tical theory, especially the theory of momentum in hydro- 
kinetics explained in my article on “ Vortex-motion,” nega- 
tives it. 

The law of the attraction which you observed agrees perfectly 
with the law of magnetic attraction in a certain ideal case which 
may be fully specified by the application of a principle explained 
in a short article communicated to the Royal Society of Edin- 
burgh in February last, as an abstract of an intended continua- 
tion of my paper on “ Vortex-motion.” Thus, if we take as an 
ideal tuning-fork two globes or disks moving rapidly to and fro 
in the line joiming their centres, the corresponding magnet will 
be a bar with poles of the same name as its two ends and a 
double opposite pole in its middle. Again, the analogue of 
your paper disk is an equal and similar diamagnetic of infinite 
diamagnetic inductive capacity. The mutual force between the 
magnet and the diamagnetic will be equal and opposite to the 
corresponding hydrokinetic force at each instant. To apply the 
analogy, we must suppose the magnet to gradually vary from 
maximum magnetization to zero, then through an equal and op- 
posite magnetization back through zero to the primitive mag- 
netization, and so on periodically. The resultant of fluid pres- 
sure on the disk is not at each instant equal and opposite to the 
magnetic force at the corresponding instant, but the average re- 
sultant of the fluid pressure is equal to the average resultant of 
the magnetic force. Inasmuch as the force on the diamagnetic 
is generally repulsion from the magnet, however the magnet be 
held, and is unaltered in amount by the reversal of the magnet- 
ization, it follows that the average resultant of the fluid pressure 
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is an attraction on the whole towards the tuning-fork, into what- 
ever position the tuning-fork be turned relatively to it. 

Your seventh experiment* has interested me even more than 
any of the others. It illustrates the elementary law of pres- 
sure in hydrokinetics, not by showing effects of fluid pressure 
on portions of a solid bounding surface, as all other illustrative 
experiments hitherto known to me have done, but by showing 
an effect of diminished fluid pressure throughout more rapidly 
moving portions of the finite mass of the fluid itself. This 
effect consists of a slight degree of expansion, depending on the 
air not being perfectly incompressible. The volume occupied 
by the more rapidly moving portions becoming slightly aug- 
mented, the remainder of the fluid would be condensed were the 
whole contained within an altogether fixed boundary. A move- 
able portion of this boundary (that is, the surface of the liquid 
in your tube) yields and shows to the eye the effect of the dimi- 
nished pressure through the rapidly moving portions. 

No branch of abstract dynamics has had a greater charm for 
the mathematical worker than hydrokinetics; but it has not 
hitherto been made generally attractive by experimental illustra- 
tions. Such refined and beautiful experiments as those you 
describe, and especially your seventh, tend notably to give to 
this branch of dynamics quite a different place in popular esti- 
mation from that which it has held; but what is perhaps of 
even more importance, they help greatly to clear the ideas of 
those who have made it a subject of mathematical study. 

Yours truly, 
Professor Guthrie. Witiiam THomson. 

Nov. 16, 1870. 

Dear Sir,—On writing to you on the 14th I forgot to remark 
that the dynamical theory demonstrates the truth of your pre- 
diction in § 18}. It shows that the amounts of the expansions 
of different gases in equal and similar arrangements exhibiting 
your 7th experiment{ are simply as their densities, it being 
assumed always that the whole amount of expansion is such as 
to produce only an infinitesimal change of density in any part of 
the gas. 

I remain, dear Sir, 
Yours truly, 

Professor Guthrie. Witi1aAM THOMSON. 

* Experiment 7 in Proceedings Roy Soe. vol. xix. p. 38, or experiment 
10, Phil. Mag. Nov. 1870.—F. G. 
+ Proceedings Roy. Soc. No. 123, § 18. Phil. Mag. Nov. 1870, § 27. 
{ Proceedings Roy. Soc. No. 123, Ex.7. Phil. Mag. Nov. 1870. Ez. 10. 
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Nov. 23, 1870. 

Dear S1r,—The repulsion of a hydrogen balloon observed by 
Shellbach, of which you tell me in your letter of the 16th inst., 
is temptingly suggestive of the conclusion you tell me he has 
drawn, that there is attraction or repulsion accordingly as the 
density of the interior gas is greater or less than that of the 
surrounding air. There are, no doubt, curiously close analo- 
gies between some of the circumstances of motion in contiguous 
fluids of different densities and the distribution of magnetic 
force in a field occupied by substances of different inductive ca- 
pacities. Thus, if ma great space occupied by frictionless in- 
compressible liquid denser in some portions than in others, a 
solid be suddenly set in motion, the lines of the fluid motion 
first generated agree perfectly with the permanent lines of mag- 
netic force in a correspondingly heterogeneous medium under 
the influence of a bar-magnet, to be substituted for the move- 
able solid and placed with its magnetic axis in the line of the 
solid’s motion. As to amounts, the fluid velocity multiplied 
into the density is simply equal to the resultant magnetic 
force at each point, if the particular definition of resultant 
magnetic force in a medium of heterogeneous inductive capa- 
city, given in the footnote to § 48 of my paper on the “ Ma- 
thematical Theory of Magnetism’’*, be adopted. But here the 
analogy ends; the rigidity in virtue of which a solid moveable 
in a fluid medium differing from it in magnetic mductive capa- 
city keeps its form, does not exist in the hydrokinetic analogue. 
If a quasi-rigidity be given to a globe of lighter fluid, as a hy- 
drogen soap-bubble, by the tension of a containing film, or to a 
hydrogen balloon by the stiffness and tension of the contaming 
membrane, the circumstances become so complex that no general 
dictum can be readily pronounced regarding the resulting force 
from the abstract dynamical theory. It is certain that if the 
tension of the containing film were sufficiently great even with- 
out rigidity, or if the containing membrane were sufficiently 
stiff by rigidity, as a thin shell of solid, the balloon would be 
attracted as a perfectly rigid globe quite irrespectively of the 
density of its contents. 

But it seems, from Shellbach’s results, that the membrane of 
the hydrogen balloon may have stiffness enough to keep the 
figure very approximately spherical, but yet not too much to 
allow the smaller density within to exercise its influence and to 
give attraction instead of repulsion}. The question is highly 

; a Philosophical Transactions, June 21, 1849. Published in Part I. for 
851 
+ [Note added 13th April, 1871.] The details of Schellbach’s experi- 

ments described in the preceding article, which were unknown to me when 
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interesting as a mathematical problem, which will no doubt 
prove tractable under certain assumed conditions as to tension 
or rigidity of the containing film. 

Yours very truly, 
Professor Guthrie. Wiii1amM THomson. 

Nov. 24, 1870. 

Dzar Sir,—My letter to you of yesterday requires some limi- 
tation. 

Even a perfectly rigid solid less dense than the surrounding 
medium must, if small enough, exhibit the repulsion which you 
tell me Shellbach has observed for balloons of hydrogen. On 
the other hand, if large enough, it is clear that, as I said yester- 
day, a rigid solid must exhibit attraction; for if very large 
relatively to the vibration, it cannot move sensibly as a whole to 
and fro with each vibration. Now, if the rigid body is held ab- 
solutely fixed, it follows from your own experiments and reason- 
ing, as well as from the mathematical theory, that the vibrator 
will experience attraction, irrespectively of the density of the 
fixed rigid solid; and therefore when the vibrator 1s attached to 
a fixed stand and the rigid solid left free to move, the latter, if 
large enough, must experience repulsion. Consider, first, any 
very small portion of the fluid moving to and fro im virtue of 
the periodic motion sustained throughout the fluid by the vi- 
brator. Let it be so small in all its dimensions that it experi- 
ences no sensible change of shape during its period of motion. 
If this portion becomes rigid its rigidity will but infinitesimally 
affect its own motion and that of the fluid surrounding it. If, 
now, by a proper application of force varying periodically ac- 
cording to the simple harmonic law, the little solid be caused to 
move to and fro faster than the neighbouring fluid or slower 
than the neighbouring fluid, it will require a certain constant 
average force to prevent its mean position from yielding in a 
certain direction from or towards regions of greater fluid motion. 
When the superimposed vibration augments the natural vibra- 
tion of the solid, the direction in which it tends to move is from 
regions of greater towards regions of less fluid vibration; in 
the other case the contrary. Lastly, the imagined differential 
vibration becomes a reality if the density of the little solid is 
either greater or less than that of the fluid. When it is less 
than that of the fluid, the differential motion augments the vi- 
bration ; when the density is greater, the differential motion 
diminishes the vibration. Hence an infinitesimal solid of dif- 
ferent density from the surrounding fluid tends towards the re- 

I wrote the letter in the text, render it, I think, quite certain that the ex- 
planation here suggested is correct.—W. T. 
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gions of greater fluid motion or of less fluid motion (that is to 
say, is attracted towards the vibrator or repelled from it) accord- 
ingly as the density is greater or less than that of the fluid. 

I have worked out this theory in detail for a perfectly rigid 
spherical solid left to itself in an incompressible liquid disturbed 
by a single spherical body moving to and fro with a simple har- 
monic motion through a short space in a line with the free 
sphere, the radius of one at least of the two spheres being so 
small that there is no sensible disturbance of the fluid in the 
neighbourhood of the free sphere due to the influence of this’ 
body itself reflected back to the vibrator. When the density of 
the free sphere differs from that of the liquid, I suppose there to 
be no force of gravity. In illustrative experiments, when the 
force of gravity is sensible, it may be readily balanced by means 
of a thread properly applied to support the body or to prevent 
it from rising, as the case may be, in general without sensibly 
interfering * with the to-and-fro motion of the sphere. The 
range of the vibration may be of any magnitude relatively to its 
own diameter, but must be small relatively to the distance of the 
nearest point of the free globe. A very simple application of 
the method of images suffices for the problem. I intend to give 
the details in the continuation of my paper on “ Vortex-motion.” 
One chief result is this: when the density of the free globe is 
less than that of the fluid, it is repelled or attracted, according 
to whether its radius is less or greater than 

Wie Ha 

where p denotes the density of the free globe, and f its distance 
from the vibrator (the density of the fluid being taken as unity). 
From this it follows that the free globe, if of great diameter in 
comparison with that of the vibrator, is repelled when placed in 
the line of the vibration at any distance greater than 

r 

Wiebe sy eee 
3 

and is attracted when placed at any distance less than this cri- 

* [Note added April 13th, 1871.] Not so readily as I believed when 
writing the above. Even a rough approximation to this condition is not 
very “readily ” attained; andon this account experimental verification of 
the theoretical conclusion is somewhat difficult. I have, however, obtained 
more or less imperfect illustrations of it readily enough by using the hand 
or a round wooden bar to produce vibratory motions in the neighbourhood 
of wooden balls or other light rigid globes anchored by very thin threads, 
allowing them to float near the surface of water ina vat about 6 feet dee p. 
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tical value. The critical distance is one of unstable equilibrium. 
For the case of p=O (that is to say, the free rigid body a mass- 
less sphere) the critical distance is 

rae ey or 2°251r; 

that 1 is, very approximately . radii of the free globe. 
Yours truly, 

Professor Guthrie. WitiiAM Tomson. 

11th Jan. 1871. 

Srr,—I am desired by Sir W. Thomson to send you a de- 
scription of the following experiment on “ Approach caused by 
Vibration.” 

A light collodion balloon is filled with hydrogen, and the 
thread which closes the orifice is prolonged to a length of about 
40 inches. ‘To the free end of the thread a light piece of wood 
is tied to serve as a floater. The latter is now put upon the sur- 
face of water and serves to moor the balloon, giving it at the 
same time freedom of motion im all directions. If, now, a sheet 
of tin-plate (or, better, a hght wooden board with rounded edges) 
is held perpendicularly in a line with the centre of the balloon 
and vibrated to and fro at a distance of several inches from it, 
the balloon approaches the vibrating plate*, drawing with it the 
floater over the surface of the water. Vibrations of the bal- 
loon isochronous with those of the plate are also observed. 

I am, Sir, 
Your obedient Servant, 

Professor Guthrie. Joun TatLock. 

LVI. On Barometric Differences and Fluctuations. By Joun 
Knox Lauventon, M.A., F.R.A.S., F.R.G.S., Mathematical 
and Naval Instructor at the Royal Naval College, Portsmouth. 

[Continued from p. 350.] 

Part III. The Barometric Depression in Storms. 

ANY years ago Admiral Fitzroy pointed out that storms 
are properly to be regarded merely as deviations from the 

ordinary and regular movements of the atmosphere, and that, 
violent as is their force, disastrous as are their effects, they con- 
stitute in reality avery small part of that motion of the air which 
is continually going on, and which the study of prevailing winds 

* Compare with Herr Schellbach’s experiments, sup. p. 422, who, on 
using a _tuning-fork of 512 single vibrations per second, obtained repul- 
sion.—F’, G. 
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can alone make us satisfactorily acquainted with. Independent 
of the great weight due to Admiral Fitzroy’s opinion, there are 
many considerations which appear to sanction this view to the 
fullest extent, and to render it imperative that a correct know- 
ledge of the seasons, the directions, and the characteristics of the 
prevailing winds in the different parts of the world should form 
the basis of any inquiry into the origin of storms: it is their ex- 
ceptional nature which has to be inquired into; and the regular 
course to which they are exceptions must first be clearly under- 
stood. Meteorologists have, as a body, ignored this necessity, 
and, in treating of storms, have affected to consider the air as in 
a state of rest, and disturbed from that state by the sudden de- 
velopment of some agency which destroys the hydrestatic equi- 
librium. But, in point of fact, the normal condition of the air 
is not one of hydrostatic equilibrium: im almost every part of 
the world, and at every season, some particular wind has a de- 
cided predominance over every other; and wherever storms 
occur, they follow the course of the prevailing wind of the loca- 
lity and season. The exceptions to this rule are extremely rare ; 
and admitting that storms are most commonly of the nature of 
cyclones, I can see in the law which directs their track no dif- 
ference from that which directs the onward motion of the angry 
eddies which form in a rapid stream. And in the same way as 
such whirls generally form in particular places, where we can 
often point out the cause of the irregularity (as, for imstance, 
where another stream shocts in its waters across the course of 
the main current, or where a boulder or some partial obstruction 
breaks the evenness of the flow), so also do storms form most 
frequently in special localities, in almost every one of which we 
can point distinctly to the near approach of intrusive currents, 
or to the headlands, islands, and opposing shores round and 
against which the wind fumes and rages. Whether we consider 
the tropical Hurricanes (taking their rise on the equatorial mar- 
gin of the Trade- Winds or in the conflict of changing Monsoons), 
the storms of the North Atlantic (where the northerly gales from 
the coasts of Greenland are driven into the body of the west 
wind), the storms off Cape Horn or the Cape of Good Hope 
(the Cape of Storms), or even those off Cape de Gata, or Cape Ma- 
tapan (famous in story), off Bermuda with its countless number 
of islands, or the Abrolhos, or the Low Archipelago, or in any 
other locality where storms are notoriously frequent and violent, 
—we find everywhere, or with very few exceptions, some marked 
feature, either of the prevailing wind in the stormy season, or in 
the geographical peculiarities of the land, which seems directly to 
associate itself with the irregularities in the aérial current. 

It is this geographical distribution which leads me forcibly to 
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the conclusion that storms are due in great measure to the geo- 
graphical conditions under which they occur, and that, though 
possibly originated by meteorological disturbances, the part 
played by these must be comparatively triflmg, since in other 
localities, where similar disturbances must frequently occur, 
they do not give rise to similar storms. 

If, then, storms of a cyclonic nature (and it is to these only 
that I here refer) are caused by the mechanical clashing of atmo- 
spheric currents either against each other or against more mate- 
rial obstacles, it is evident that the remarkable barometric de- 
pression in their centre is, in the first instance, occasioned by the 
force of the whirl, and that the whirl is not occasioned by the 
barometric depression. This, however, is contrary to the opinion 
now in favour with many meteorologists, who maintain that the 
barometric depression is first formed, and that the storm, or the 
rush of air towards the area of minimum pressure, is more or 
less violent according to the extent to which the pressure has 
been reduced. That there is a very intimate connexion between 
the violence of the storm and the depression of the barometer 
would seem to be certainly established; but they are so mixed 
up one with the other, each operating on and increasing the 
other, that it is difficult to assign to each its exact value as agent 
and as patient. But thisis not what is meant by those who teach 
that the barometric depression is the absolute cause of the storm, 
and that the depression is due to other agencies, the capabilities 
of which they seem to me to overrate. 

Of these agencies, that on which most stress is laid is the con- 
densation of aqueous vapour, and the sudden manifestation of 
heat in the upper regions of the atmosphere. That excessive 
rain is the invariable concomitant of storms of this class, and 
more distinctly of tropical hurricanes, is not to be disputed ; but 
there are many places in the world where rain falls at times 
quite as freely as in the very centre of a hurricane without pro- 
ducing any depression such as is here spoken of. I have already 
examined into the effect of heavy rain on the barometer in India 

and other places ; but I nowhere find any grounds for assigning 
to it a capability of diminishing the pressure by 2°5 inches, a 
diminution which has been observed in the centre of a cyclone; 
neither are the localities in which cyclones take their rise locali- 
ties of excessive rain. If the aqueous vapour in these districts 
is not liable to free condensation, and if the very freest conden- 
sation which we have satisfactory means of measuring, as at 
Cherrapongee, produces no such excessive effect on the barometer 
—no effect, indeed, at all approaching to it—it is difficult to ad- 
mit that condensation is the cause of the depression observed. 
The whole of the depression, however, is not attributed to this ; 
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it is asserted that, by reason of the comparative vacuum formed 
high overhead, the air rushing in forms an ascending current, 
the centre of depression becomes a species of chimney up which 
the air is carried with great velocity, and that this ascensional 
motion accounts for the full extent of the loss of pressure. But 
any ascending current so formed is due directly to the conden- 
sation, and must occur wherever condensation is excessive; any 
depression of the barometer caused by it is essentially a compo- 
nent part of the depression caused by heavy rain, and cannot be 
separated from it in any observations. Since, however, consider- 
able stress has been laid on the influence of this ascensional 
motion, it is worth while to inquire into how far it really exists, 
and what effect it is really capable of producing on the barometer. 

It has always been a favourite opinion amongst meteorologists 
that the ventilation of coal-mines by means of furnaces offers a 
convenient and apt illustration of the movements, and the causes 
and effects of the movements, of the atmosphere. The correct- 
ness of this opinion is, I think, more than doubtful: I have 
already called attention to the fact that the differences of tempe- 
rature produced in the furnace method of ventilation are, beyond 
all legitimate comparison, greater than any that occur in nature; 
and not only these excessive differences of temperature, but also 
the friction of the currents of air driven at a high velocity 
through narrow and winding passages, or what is technically 
called “the drag of the air,” produce a very marked effect on 
the pressure as shown by the barometer or gauge, which must 
be eliminated before we can tell how much of any registered 
difference between the air of the upcast and downcast shafts 1s 
due to the ascending or descending motion of the current. Cap- 
tain Toynbee has recorded that, observing with an aneroid, he 
“found a difference of a tenth of an inch between the pressures 
at the bottom of the downcast and upcast shafts, both positions 
being on the same level, whilst halfway down each shaft there 
was only a difference of four hundredths of an inch” *. By the 
kindness of Mr. Landale, of Lochgelly, I am enabled to present 
the results of some similar observations which he has recently 
had taken at my request. They are as follows :— 

Mean reading of Number of | At a depth in fathoms. s 
aneroid. Name of pit. jobservations 

(donble). ol | ee 
Upcast. | Downcast.| Upcast. | Downcast. 

Liadyspiteceniee 6 70 70 30-190 30-215 
Foulford ......... 7 70 715 30°316 30°350 
Bit Nos 21 oe 4 24°5 25°5 29-788 29°848 

* Meteorology of the North Atlantic, p. 12. 
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Of these, Lady pit shows a difference of ‘025 ; when the Foul- 
ford observations are reduced by the correction for 9 feet, they 
show a difference of 026; and at pit No. 21, where the top of 
the upcast shaft is 36 feet higher than that of the downcast, so 
that a correction for 42 feet has to be applied, there is a differ- 
ence of ‘014. 

These observations are quite in accord with those of Captain 
Toynbee, and show beyond question a certain small relative de- 
pression in the upcast shaft which might at first sight be attri- 
buted to the upward motion, as opposed to the downward. But 
we must not forget that between the columns of air in the two 
shafts there is a very great difference of temperature and of 
weight ; the elastic force derived from the pressure of this weight 
is therefore less in the upcast than in the downcast; and before 
we can properly assign the observed barometric difference to the 
difference of motion, we must show that it is independent of the 
difference of weight. The following Table, which I collect from 
the paper by Mr. Wood already referred to, seems sufficient to 
set this point at rest *. 

Observations at Killingworth, the mean temperature of the 
downcast being 49°, and of the upcast 147°, the sum of the 
velocities 45°8 feet per second. 

Water-gauge. Difference of 
i weight of 

Depth, m SE column, 

fathoms. Inch Pounds per | pounds per 
ee square foot. square foot. 

10 10 521 ‘769 
20 115 598 1538 
30 "13 677 2-308 
40 ‘20 1-041 3:076 
50 "25 1-302 3°845 
60 35 1-822 4-614 
70 "45 2°344 5383 
80 O7 2:968 6152 
90 ‘70 3645 6-922 

100 78 4-062 7690 
110 74 3°854 8-460 

Killingworth pit, in which these observations were made, had 
the upcast and downcast in the same shaft, separated from each 
other by an air-tight wooden partition or brattice; in this, at 
the several heights, holes were bored, through which one leg of 
the water-gauge (a U-shaped glass tube) could be passed. So 
taken, and with an instrument so delicate, they show very clearly 
that the force of the currents has very little, if any thing, to do 

* Experiments &c. pp. 20, 81, and plate 8. 
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with the difference in pressure which is registered. If a certain 
number of cubic feet of air are each minute driven up one shaft 
or down another, the velocity of the ascending or descending 
current must be approximately the same throughout the shaft at 
all depths, and the influence which the motion exercises on the 
barometer or gauge must be constant. That the observed dif- 
ference, far from being constant, increases as the depth increases, 
shows at once that it is not to the motion that we must look for 
its cause, but rather to the difference of the weight of the columns 
of air. But the difference shown by the gauge is much less 
than what is due to the difference of weight at the several depths, 
calculated for the mean temperatures: near the top this 1s partly 
to be accounted for by the temperature of the upcast being lower 
than the mean, and the remaining portion of the column being 
thus heavier than is calculated ; but near the bottom, where the 
temperature is higher than the mean, it would seem that expan- 
sion does not take place quickly enough to balance the increase 
of elastic force caused by the heat. A large part of the pressure 
due to the difference of weight is absorbed by the “ drag of the 
air ;” it is the remainder only which forces the heated air up the 
shaft ; and the velocity is thus much less than what is properly 
due to the difference of temperature. It is, however, impossible 
to say how much of the relative increase of elasticity is due to 
heat, how much to mechanical compression ; but near the top of 
the shaft, where the weights of the columns become the same 
and the compression ceases, though the velocity remains neces- 
sarily unchanged, the gauge no longer shows any difference. 

It appears to me, therefore, that, so far as we can apply the 
circumstances of coal-pit ventilation, there is absolutely no evi- 
dence whatever that any diminution of barometric pressure is 
caused by an ascending current, or, conversely, any increase by 
a descending one. ‘The belief in such an effect appears, in fact, 
to be due to the confusion between weight and elastic force, 
already spoken of; for where such a confusion of idea exists, it 
is natural to suppose that an ascending weight will exert a less 
pressure than a stationary or a descending one. 

But even if we were to admit that a barometric difference may 
be due to such a cause, to the fullest extent that can be claimed 
for it, it would still be quite impossible to attribute to it any ap- 
preciable decrease of pressure in the centre of a cyclone. Mr. 
Buchan conceives that in a cyclone the air rushing towards the 
area of least pressure rarely makes a complete circuit* ; and 
since the force of the wind is greatest in the immediate neigh- 
bourhood of the central calm, it follows, according to this view, 
that air with its maximum velocity is entering into the central 

* Handy Book, p. 281. 
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space along its entire circumference. In violent cyclones the 
maximum velocity of the wind is estimated as certainly not less 
than 120 miles an hour, and is probably a good deal more. The 
height to which the storm extends is absolutely unknown; Cap- 
tain Maury has estimated the height of the Trade- Winds as about 
three miles; I should be inclined to agree with Redfield, that 
one mile is probably the extreme height of a cyclone. If, then, 
the diameter of the central space be 12 miles, the quantity of air 
that is poured in in the course of an hour is 7 x 12 x 120 cubic 
miles, which, disappearing upwards from an area of 7 x 36 square 
miles, gives us an ascensional velocity of 40 miles an hour— 
that is, of 66 feet a second. Even then, if we were to suppose 
that the greatest difference observed at Killingworth, which is 
equivalent to a barometric depression of ‘06 of an inch, corre- 
sponds to the aggregate velocity of 46 feet a second, and that 
the depression increases in proportion to the velocity, we should 
still have no more than ‘09 of an inch as the measure of that 
component of the depression in the centre of a cyclone which 
could be attributed to this cause. But such a supposition would 
be wild, to the verge of absurdity ; and not less so is the esti- 
mate of 66 feet a second as the velocity of the ascending cur- 
rent. Such a velocity represents itself a gale of wind, a wind 
of force 7 on the Beaufort scale ; and most certainly nothing 
like it was ever observed in the most violent cyclone. That the 
air towards the centre of these storms has a sensible upward mo- 
tion has been noticed; but even an approximation to such a 
velocity as 66 feet a second is out of the question. A velocity of 
5 feet a second, or even 10, may perhaps be admitted; and if, 
for the sake of the argument, we were to allow that the upper 
difference observed at Killmgworth, or 10 of an inch of the 
water-gauge, denotes the depression caused by a velocity of 46 
feet, we might so account for a central barometric depression of 
about *0015 of an inch, a depression which no instrument prac- 
tically used at sea could be depended on to register. 

If, then, the barometric depression in the centre of a cyclone 
cannot be referred to condensation, if it is not due either to the 
withdrawal of the elastic force of the aqueous vapour or to the 
liberation of heat above, if it is not due to the ascensional velociy 
of an upward current, meteorological reasons for its existence 
fail us, and we are thrown back on that which I have already 
suggested as its primary cause—the centrifugal tendency esta- 
blished by the force of the whirl itself. This is constantly said 
to be utterly inadequate to produce such a depression as is ob- 
served; as I have just shown the insufficiency of other alleged 
causes, I will attempt to form some estimate of what may be the 
capability of this mechanical agent. 
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We know that if a vessel containing fluid be made to rotate 
uniformly round a vertical axis with an angular velocity w, the 
surface or the strata of equal pressure of the fluid assume, as a 
position of equilibrium, the form of a paraboloid of revolution, 

29 
wo? 

tion to the parabola, if d denote the depression of the lowest 
point or vertex, below any other point whose distance from the 
axis of rotation is 7, 

the latus rectum of which is -+, and that, by the ordinary equa- 

wr? 

a= Og 3 
or if v be the linear velocity of the point (7, d), 

hd 

d= 29 . 

It is evidently impossible to expect a simple formula such as this 
to apply with correctness to the motion of the air in cyclones ; 
for since the air rotates independently and grinds on all sides, 
whether against the surface of the earth or non-rotating air, the 
friction must effect very great changes; the linear velocity, in- 
stead of increasing as the point recedes from the centre, dimi- 
nishes ; and the velocity at the surface, which we can observe, 
is very much less than it is at some considerable height, though 
we have very scanty means of ascertaining what the difference 
may be. The balloon which landed near Christiania on the 
25th of last November, travelled from Paris at the rate of from 
40 to 45 miles an hour, whilst the wind below had a velocity of 
not more than 20. The differences noted by Mr. Glaisher in his 
several ascents are still greater: counting only the distance ac- 
tually made good by the balloon, the mean of nine experiments 
gave 25 miles an hour as the velocity above, whilst the anemo- 
meter showed 7 milesan hour as the velocity below*. We can- 
not say how far this may be considered as representing the ratio 
between the upper and lower velocities in cyclones or other furious 
storms: we have simply no evidence; and when the surface ve- 
locity is 120 miles an hour, the mind almost refuses to conceive 
a storm of such tremendous power as would be implied by a ve- 
locity of even 240 miles an hour. Still, if we take the extreme 
velocity of the wind observed near the centre as fairly represent- 
ing the surface velocity of the whirl free from lateral friction, 
and twice that extreme as representing the upper velocity free 
from horizontal friction, we find that the depressions so calcu- 
lated by this simple formula have a very remarkable coincidence 
with those which have been observed. 

* Travels im the Air, p. 91. 
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Modifying the formula in accordance with the customary unit, 
let d denote the depression of the aérial strata of equal pres- 

sure at the vortex, in feet ; 
v, the velocity of the wind in miles per hour; 
a, the velocity in feet per second ; 

then 

p= 9000, 10, TUONO Gh 
and 

Ly See OO. a" 
7 2g 36x64"? 

so that if 6 denote the barometric depression in inches, we have 

d 

d 
o= [000 nearly, 

or - 

Se MUNIN ~ 86 x 640° 
‘ia arranging the results so obtained in a tabular form, we 
ave :— 

V. 6. v. 6. v. é. 

60 156 :120 °625 190 1:566 
70 “212 130 733 200 1:736 
80 278 140 °850 210 1:914 
90 351 150 ‘976 220 2-100 

100 434 160 1-111 230 2-296 
110 525 170 1-254 240 2°500 

180 1:406 

The depressions here tabled agree very closely with those which 
have been observed, not only in cyclones, but in comparatively 
moderate storms—as, for instance, in that which will be so 
sadly remembered-as “the Captain’s gale,” off Cape Finisterre, 
on the 7th of last September, when, about 15 30™ a.m., the 
wind, having a force 9 on the Beaufort scale, corresponding to 
a velocity of about 60 miles, suddenly shifted from S.S.W. to 
N.N.W., the barometer at the time standing at 29°32, thus 
showing a depression of °68 of an inch. But though such an 
agreement is far closer than could have been anticipated, and 
seems to leave little room for doubt that it indicates this centri- 
fugal tendency as the first cause of the depression, [ would not 
be understood to imply that the whole depression is due to it. 
Twice the greatest observed velocity is probably an exaggerated 
estimate ; and a considerable reduction may readily be allowed, 
since to whatever depression is produced by the centrifugal mo- 

Phil, Mag. 8. 4. Vol. 41. No. 275. June 1871. 2G 
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tion a large addition must be made on account of the excessive 
condensation that takes place. 

It is very commonly objected to the view which I have here 
formed of the effect of centrifugal motion, that if the depression 
were so caused, the tendency of the air being to fly outwards, 
the wind would necessarily tend outwards, whilst careful obser- 
vation shows that im such storms the wind, on the contrary, 
tends inwards*, That the wind does frequently tend inwards is a 
well-established fact; but the objection is founded on an incor- 
rect idea of the motion which results from a centrifugal tendency 
under the peculiar circumstances. The air whilst rotating 
is held in by the elastic force and weight of the compara- 
tively quiescent air outside the whirl, the friction against which 
checks its motion; it cannot fly off as water from a twirling 
mop ; it is confined within close limits; but as the velocity above 
is very much greater than that at the surface, the air is there 
able to force its way much further, and to make a section of re- 
lative low pressure in the column of low pressure. Towards this 
the air from the surface forces itself, and generates an ascend- 
ing current; towards the place left vacant by the ascending air 
other surface air moves and forms this vorticose movement, which 
is to be observed not only in cyclones and storms, but in the | 
dust whirlwinds of every arid plain, in the little whirls of sand 
and straw at the corner of a street on a March day, and may 
be shown experimentally in a tumbler of water with a few grains 
of sand in it; if the water be stirred briskly round, the vorti- 
cose movement which goes on at the bottom will be distinctly 
visible, and the sand will finally arrange itself in a sharp-pointed 
conical heap in the middle. The vorticose movement is a di- 
stinct, clearly marked, and invariable consequent of a centrifu- 
gal tendency manifesting itself in a fluid revolving in a confined 
space ; and its presence in a cyclone would be very far from in- 
validating the opinion I have just stated, even if the excessive 
condensation did not in itself produce a sufficient depression to 
meet the objection. ‘ 

Independently of the arguments I have already adduced, there 
are several phenomena exhibited by storms which appear to me 
capable of ready explanation when referred to the mechanical 
action of the wind, but are exceedingly difficult to understand 
if that action is denied: these have been observed principally 
in tropical cyclones, where, the violence being greatest, irregula- 
rities are, as it were, magnified, and rendered less likely to 
escape notice. Sucha phenomenon is the rise in the barometer 
which is very frequently found on the outskirts of a hurricane, 
and which would seem due to the outward pressure of the air 

* Handy Book of Meteorology, p. 280. 
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endeavouring to fly from the centre of rotation ; far beyond the 
limits of the storm the air is thus compressed, and has its elastic 
force disturbed to an extent that is at once noticed as breaking 
the general regularity of barometric readings within the tropics*, 

A still more remarkable phenomenon is the formation of one 
or several smaller whirlwinds in the body of the larger one. 
The wind pressing onwards in confused violence, and being un- 
able to drive some slower-moving mass before it, is turned to- 
wards the centre of lowest pressure and thrown into a whirl 
which rotates in the same direction as the parent storm, but in 
which the force and velocity are intensified to an extreme 
degree}. The velocity is indeed so great that the ascensional 
motion generated is frequently communicated even to the water 
of the sea, which rises in vertical and rapidly whirling columns ; 
these travel, for the most part, with the wind of the hurricane, 
earried in its circling course along whichever quarter they are 
formed in; but in exceptional cases they have been known to 
travel in the same direction as the body of the storm, irrespec- 
tive of the particular and temporary wind at the place where 
they originate. And the constancy with which cyclones or re- 
volving storms in every known locality follow a specified track 
from which they rarely deviate, such tracks leading in different 
parts of the world to very different points of the compass, but 
always in the direction of the prevailing wind, seems to me 
the phenomenon which, more almost than any other, establishes 
the value of what I would call the mechanical, in contradistinction 
to the meteorological agencies. This, however, has been over- 
looked by meteorologists, who, misled by the name North-East 
Trade in the North Atlantic, or South-East Trade in the South 
Indian Ocean, have described the cyclones of these districts as 
travelling (towards the W.N.W. or W.S.W.) at right angles, or 
nearly at right angles, to the course of the Trade-Winds, and 
have therefore insisted on the necessity of some cause for the 
progression quite independent of the prevailing wind; and 
though no such cause has been suggested as accounting for 
this imaginary movement of tropical hurricanes athwart the 
Trade- Winds, it has been maintained that in our own latitudes 
the storms move from west to east entirely by reason of the 
feeble pressure of the warm and moist air on the east side of 
the revolution, where the wind is southerly, yielding to the 
superior pressure of the denser, colder, drier air on the west 
side, where the wind is northerlyt. But in every revolving 

* See the barometric readings on board the ‘ Buzzard,’ shown on the 
Admiralty Chart of the Nassau hurricane of 1866. 

+ Piddington, ‘ Sailor’s Horn Book,’ 4th edit. pp. 313-315. 
} Atlas des Tempétes, p. 21. 

2G2 
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storm, in the tropics as well as outside, the wind on the eastern 
side is equatorial, is warmer and more humid than the polar 
air on the western side; and the amount of rain in a storm 
within the tropics is almost beyond comparison greater than 
that in a storm of higher latitudes. If the difference of tem- 
perature and the condensation on the eastern side of the area 
of least pressure could occasion the movement towards the east 
in temperate or high latitudes, much more could they do so in 
low. But Mr. Buchan conceives that if the progressive move- 
ment of a storm were due to the direction of a ruling wind, the 
velocity of the storm-wind would be greatly modified in the 
different quarters of the revolution—and that whilst (if the 
storm were moving towards the east) it would be very much in- 
creased on the south side of the centre of depression, it would, 
on the contrary, be very much diminished on the north side. 
To illustrate this, he supposes an extreme case of a storm in 
which the velocity of the wind is twenty-five miles an hour, and 
its rate of progression towards the east the same; and argues 
that there would be an absolute calnm at any place on the north- 
ern side of the revolution*. Iseenoreason why in such a case 
there should not be such a calm; but it is not customary either 
amongst meteorologists, or among sailors, whom storms more 
personally affect, to speak of a wind of twenty-five miles an 
hour as a storm; but a whirl in which the wind has a velo- 
city of fifty or sixty miles, and which is travelling eastwards at 
the rate of twenty or thirty miles an hour, may very weil appear 
on its northern side as a wind of thirty or forty miles an hour, 
and on its southern side as a storm of seventy, eighty, or even 
ninety. The results of the observations which Professor Mohn 
has so carefully accumulated offer no contradiction to such a 
view, but, indeed, very strongly support it, as they lead him 
(although adhermg to the purely meteorological theory) to 
estimate the frequency of storms in the southern and northern 
halves of these circles revolving round a centre of depression as 
in the ratio of 88 : 22, or very nearly 2: 1+. 

But if the storms are carried along in the body of the pre- 
vailing wind, they stand to it in exactly the relation that whirls 
of water do to the stream that sweeps them down; they exercise 
no more general influence on the wind than these do on the 
course of the river; and the onward flow of the one, as the 
downward flow of the other, is quite irrespective of these minor 
though frequently important disturbances. 

The wide application of the very ingenious law proposed by 
Professor Buys-Ballot is apt to mislead those who trust too ex- 
clusively to meteorological, as opposed to geographical observa- 

* Handy Book, p. 286. t+ Atlas des Tempétes, p. 12. 
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tions. In both hemispheres the normal west wind blows in ac- 
cordance with this law; and the low barometer to the left or 
right, as the case may be, does not necessarily imply an inde- 
pendent rotatory motion of the air. In the same way the Trade- 

_ Winds of the Atlantic pass by the low pressure of the Doldrums 
according to the law, but without inclining towards or circling 
round it; and though it would seem highly probable that this 
low pressure adds strength to the Trades in some parts of the 
ocean, it evidently does not produce any tendency to that cen- 
tripetal movement the theory of which is now so much in 
favour. As I believe that the whirls of air, when they do occur, 
are due mainly to geographical peculiarities, in which I would 
include the characteristics of the prevailing winds, so also I be- 
heve that the direction in which the whirl turns is guided 
entirely by the geographical conditions under which it is formed ; 
but the discussion of this point is foreign to my. present sub- 
ject. It is, however, worth noticing that if, in any part of the 
world where the west winds blow, a whirl is formed which re- 
volves the wrong way, the air, which in the first instance sup- 
plies it, is carried from a higher latitude to a lower, and must, 
at least sometimes, when thrown into an area of central calm, 
have both its temperature and humidity increased. I have shown 
how, on a very large scale, the system of winds on the equato- 
rial side of each oceanic basin thus revolves the wrong way 
round a centre of high pressure; and it would seem possible 
that other centres of high pressure round which the winds oc- 
casionally circle, in what Mr. Galton has aptly designated 
“ anticyclones,” are formed in the same way. We cannot, 
however, lay much stress on this possibility ; for since increase 
of temperature increases evaporation, and increased evaporation 
again lowers the temperature, the vagaries shown by the ther- 
mometer are frequently extremely puzzling; and the difficulty 
of establishing a satisfactory comparison between observations 
made in different places, at different hours, and at different 
heights above the sea-level has not yet been overcome. And it 
must be borne in mind that if the place of relative low pressure 
lies to the left, the place of relative high pressure must he to 
the right; and the appearance of an anticyclone may be shown 
on the chart by the near approach of two, or occasionally even 
three centres of depression*. 

The conclusion, then, to which this examination into the phe- 
nomena of cyclonic storms leads us is, that the centre of low 
pressure is formed, not by any meteorological agency, but by 
the circular rush of a body of air according to the known prin- 

* For an example of this, see the Chart for March 28, 1868 (Morning), 
in the Atlas des Tempétes. 
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ciples of fluids in motion, but that, when once formed, the as- 
cending current, supplied by the vorticose movement due to 
the action of the centrifugal tendency ina confined space, gives 
rise to such excessive condensation that the depression of the 
barometer near the centre is very much increased, and most so 
within the tropics, where the absolute quantity and elastic force 
of vapour in the air are greatest. This increase of depression 
increases the force of the wind, which again increases the de- 
pression, the velocity of the ascending current, and the con- 
densation. The various agencies thus continue to act and react 
on each other, so that it is impossible to separate the effects 
of each; but as the whirl is commenced and the centre of low 
pressure first formed by mechanical action, it is to it that I at- 
tribute the origin of the storm. Without the mechanical action 
such storms never occur, notwithstanding even excessive disturb- 
ances in the thermometric or hygrometric conditions of the atmo- 
sphere ; and, on the other hand, gentler whirls and barometric 
disturbances within considerable limits frequently do occur with- 
out any corresponding manifestation of meteorological changes. 

But this conclusion is, in its essential points, the same as 
that at which we previously arrived (namely, that differences of 
barometric pressure are in many instances caused by the winds), 
and justifies us in saying that the meteorological axiom, that 
all winds are caused by differences of barometric pressure, 
although presumably true on hydrostatic principles, is not sup- 
ported, and is frequently contradicted, by positive evidence. 

The prevailing winds of different localities, which thus, regu- 
larly or irregularly, produce many of the barometric variations, 
may be traced, more or less distinctly, to their geographical 
causes, as deflections of the great westerly wind which we find 
ruling at the surface of the earth in temperate latitudes, and 
which, from extreme north to extreme south, so far as our expe- 
rience extends, is permanent in the upper regions of the atmo- 
sphere*. But the origin of this westerly wind is obscure. Re- 
cent observations seem to point towards the conclusion that 
the sun’s atmosphere has a general movement from west to east, 
independent of, and additional to his proper movement of ro- 
tation, and almost exactly similar to that which, it appears to 
me, affects our own. If this is confirmed, it is at least a stri- 
king coincidence, and would seem to lend a very strong sup- 
port to the various other reasons for believing that this domi- 
nant motion of our atmosphere is due to cosmical forces. 

* I have treated of this question in detail in my ‘ Physical Geography ;’ 
to say more about it here would be merely to repeat the arguments and 
illustrations which I have there put forward. 
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LVII. On the Tangent-balance, and its application to determining 
the Density of Solids and Liquids by direct reading. By Pro- 
fessor K. W. ZENGER*. 

[With a Plate. | 

| hae degree of delicacy of a balance depends on the weight 
of the arm m, the distance d of its centre of gravity from 

the axis of suspension, and finally on the length of the arm J. 
If p is a weight on one scale and w is the angle of deflection, then 

ete: tan w= oT 

If the balance be so arranged that the constant 

1 

mi ia 
then 

tanu=p. 

The tangent of the angle of deflection is equal to the weight p. 
If by means of a hook and a fine platinum wire there be sus- 
pended to one arm of the balance a small glass rod which dips 
in a liquid, for instance the specifically lightest sulphuric ether 
(of 0°736 spec. gray. at 0°), and if to the other end of the beam 
a small brass weight be hung and so arranged that the index 
stands at zero, we have as the equation for the angle of deflection, 

l 
tan Uyp=(p—2#+Yo) — as of rod res ah aoa tL) 

where p is the weight of the brass weight, x the weight of the 
glass rod, 7 its loss of weight in the ether. 

As the angle will then be zero, it follows that 

O=p—2+Y, 

PF Yo: 
Immersed in another liquid of greater specific gravity, the loss of 
weight y must be greater, and the index will give an angle uw; 
we shall then have 

i 
tanu=(p—2+y) —-. daly g sabed onde 

The loss of weight may be supposed to consist of two parts— 
namely, the loss of weight. in ether, plus the excess of loss of 
weight y, in the denser fluid—from which is obtained 

Y¥ =Yot yy» 

¥=Y — Yo: 

* Communicated by the Author, 
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We obtain from this 
l 

tan u=(p—2+Yo+y;) aa 

and 

tanu=y n =(Yo—Y) bs 1nd “ md 
Now if 

l 

oe 
then 

tanu=Y—Ypo: 

But the losses of weight are the weights of equal volumes v of 
sulphuric ether and of a denser liquid; and therefore 

tan u=v(s—Sp), 

in which s, and s are the specific gravities of the two liquids. 
If the volume is equal to the unit of volume, we obtain 

tan u=SsS—Sp, 
and finally 

S=S) + tanu; 

for which, making the above supposition, and designating the 
densities by d, and d, we may write 

d=d, + tan u. 

The tangent-balance (Pl. VI.) gives the density without using 
sets of weights, by merely reading the angle at the index of the 
balance, which plays on a circular limb 5 inches in length and 
divided into half degrees, the centre of which is in the axis of 
rotation of the beam. 

The beam is provided with an adjustment, by means of which 
it may be raised and lowered so as to immerse the glass rod 
suitably. 

The liquid is placed in a small beaker, which need not hold 
more than 2 or 3 cubic centims., so that a minimum of liquid 
can be used with entire certainty. The delicacy of the balance 
is such that a deflection of 1° indicates a weight of 17 milli- 
grammes ; and as the division extends to half degrees, and one 
tenth of a division may be estimated, it is possible to read 
to the twentieth of a degree; so that the balance indicates 
0°8 milligrm. 

The density of a liquid, measured by the tangent-balance, is 
found by adding to the density of ether, or of any other liquid 
which corresponds to the zero of the division, the natural tan- 
gent of the angle of deflection which the index gives when the 
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glass rod is immersed in a denser liquid than the normal liquid 
(sulphuric ether). 

If this liquid, for instance, is concentrated sulphuric acid, 
and the angle of deflection 48°, the density is 

d=0°736 + tan 48° =0°736 + 1:1106= 1:84.66. 

For solids a double pan is provided ; the lower is immersed in 
water by depressing the beam; the upper one is loaded with 
pieces of the solid until the index stands at zero; thereupon the 
solid is placed upon the lower pan under water. If the angle of 
deflection of the unloaded beam is u, while wu, is the angle which 
the index gives when the solid is on the lower pan under water, 
then the density 

__ tanu 
= ——9 

tan uw, 

taking the density of water as unity. 
Unloaded, the tangent-balance gives an angle u=19°; gar- 

nets are added until the index shows zero; and these are then 
placed on the pan which is under water, when the index gives the 
angle u,=10°; the density is therefore 

tan 19° — 0°3448 

~ tan 10° ~ 0°1763’ 
for which we may write 

d= tan 19° cot 10°=0°3448 x 5°6713, 

d= 3°'4697. 

The pyknometer gave d= 3°470. 
For higher specific gravities this method becomes inaccurate ; 

and therefore a load is placed upon one pan, which places the 
index at 45° to 50° when the lower pan is dipped in water; a 
piece of the body is laid upon the upper pan and the angle u 
noted; the piece is next brought under the liquid and the angle u, 
noted; if uw) is the angle for the unloaded balance, we have 
for the density 

__ tan up— tan uv, 

tan wu, — tan u 
D 

| Thus, with an angle of 45° for the unloaded balance, three 
garnets upon the upper pan gave w=40° 10’, and upon the 
lower one u,=41° 25'; hence the density is 

=< ES 45°—tan 41°25!  1—0-882 
~ tan 41° 25'— tan 40° 10’ 0°882—0°848° 

0-118 
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The adjoined Table facilitates the operation for liquids ; for it 
gives the natural tangent for the angle and also the density 
when the normal liquid is sulphuric ether of specific gravity - 
0°736 at 0°; a difference-table for 3,° or 3! facilitates interpo- 
lation. 

TaBLz of the Density of Liquids for d)=0°736, 

u. itanu. |Ad’.|Density.]| 4. tan u.| AB. Density.) wu. |tan w.| A8’.|Density. 

4 4 ON 

& 36] 0-0087,., | 0745 || 17 80] 031536 | 1-051 |/34 30 | 06873;5.9| 1-423 
As 10 0:0175,., 0:753 ||18 0)|0°32499., | 1:06] ||385 0/0-7002,,.) | 1-436 

1. 30|0-0262,., | 0-762 || 18 30 0-3340y.7 | 1-071 ||35 30/0-7131,5.9 | 1-449 
2 0)|0-0349,., 0771 || 19 0 | 0:34489.g | 1-080 |) 386 0} 0°7265,,.. | 1-462 

2 30|0-04379-¢ | 0°780 | 19 30| 034519.) | 1-090 || 36 30 | 0-7400,3.¢| 1-476 
3 0|0-0525,., | 0°789 | 20 0|0-3640,.. | 1-100 | 37 0) 0-7536,,., | 1-490 
3 30|0-06125., | 0°797 | 20 80| 0:3739,9.9| 1:110 ||37 30) 0-7673,,.9 | 1-503 
4 0|0-0699,.4 | 0°806 |/21 0] 03839;9-9| 1:120 |/38 0| 0-7813,,., | 1:517 
4 30|0-07879.g | 0°815 || 21 30) 03939;91| 1:180 ||38 30| 0-7954,,.,| 1-531 
5 0|0-08759.g | 0°823 |/22 0|0-4040j0-2| 1140 |/39 0 | 0-8098,,., | 1-546 
5 30|0-09639.g | 0°832 || 22 30 | 0-4142i9-3| 1:150 |/39 30] 0-8243,,.. | 1560 
6 010-105lg-g | 0°841 || 23 0|0-4245;9-3| 1:160 || 40 0/0-8391,,., | 1-575 
6 30|01139g9 | 0850 || 23 30 | 0-4348,9-4| 1-171 || 40 30| 0-8541,,., | 1-590 
7 001228... | 0°859 |/24 0|0:4452,9-5| 1-181 ||41 0|0-8693,.., | 1-605 
7 30|0-13175.¢ | 0°868 | 24 30 | 0-4557,96| 1-192 |/41 30| 0-8847,7 | 1-621 
8 0|0-1405,.. | 0876 |/25 0 | 0-4663i0-7| 1-202 || 42 0|0-:9004,77| 1-636 
8 30|0:1495¢.9 0:886 || 25 30 | 0°477010-7| 1:218 || 42 30 09163... 1-652 
9 0|0-1584,., | 0:894 || 26 0|0-4877108| 1224 | 43 0 0-9325 1-668 
9 30 0:1673,.9 0:903 || 26 30 | 0:4986)0-9 | 1:234 || 43 30) 0:9490 1-685 

10 0/|0:1764,.° | 0-912 |}27 ©) 0:5095,;-;| 1:245 ||44 0}|0-9652 1‘702 

10 30|0-1853).) | 0°921 || 27 30 | 05206), | 1-257 | 44 30|0-:9827,7 | 1-719 
11 0|0-1944,., | 0-980 |/28 0/0-5817,;.5] 1-268 |/45 0} 1-0000,°.,| 1-736 
11 30/0-20355., | 0939 || 28 30 | 0:5430,;-3| 1-279 |/45 30|1-0176,7., | 1-750 
12 0 |0:2126,., | 0:949 ||29 0] 0-5543;,.5| 1-290 ||46 0|1-0355,,5 | 1-771 
12 300-2175. | 0°958 | 29 30 | 0-5658,;.¢| 1-302 || 46 30) 10538,” | 1-790 
13 0|0-23099.0 | 0:967 |/30 0/0°5774,,.¢| 1313 47 0) 1-072427 | 1-808 
13 30|0-24019-5 | 0976 | 30 30| 0-5890;1.6| 1-325 | 47 30|1-0913.°? | 1-827 
14 0|0:24939-g | 0-985 |/31 0] 0-6009,1.9| 1-337 | 48 0|1-1106,°° | 1-847 
14 30| 025869. |. 0-995 | 31 30 | 0-6128;.;| 1-349 || 48 30] 1-1303,°7 | 1-866 
15 0|0-2679,., | 1-004 |/32 0|0-6249,09/ 1:360 49 0/1:1504,,/ | 1-886 
15 30|0-2773,,, | 1-013 |/32 30|0-6371,5-3| 1-373 | 49 30| 11708, | 1-907 
16 0|0-28675.. | 1-023 || 33 0|0-6494,0.;| 1-385 |50 0] 1-1918 1:928 
16 30 |0-2962,., | 1:032 || 33 30 | 0-6619,.¢| 1:398 
17 0 /|0:3057 9.6 1-042 |/34 0| 0-6715,,., 1-410 

The above Table is inaccurate for greater densities than 1°2; 
this is obviated by a small additional weight which makes the 
index point to zero when the glass rod is immersed in water ; 
the above Table is then to be used by adding unity to the tan- 
gent of the angle: the density is ~ 

d=1|-+ tan u. 

The balance may also be used for determining the coefficient 
of expansion of liquids ; the density needs only determining for 
two temperatures as different as possible. ; 
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Water at 18°°9 C. gave w =11° 35!, d =0°9996 
Bo 08-0" 75, uw =O Sah. d' == 09799) 

when the tangent-balance was adjusted to the density of abso- 
lute alcohol 0:7946. | 

From this are obtained the volumes 

v =1:000400 
v,= 1:002051 

Av =0:001651 
meee—pOv1 C.. a 
The correction for the expansion of the glass rod isdé =0:00451, 

and hence the actual expansion 

Av=0:002102. 

According to Despretz, the volume of water at 

18°9 C. »v =1:00156 
69°0 —_v, = 1:02200 

dv =0°02044 

Prague, December 17, 1870. 

LVIII. On the Scattering of Light by small Particles. By the 
Hon. J. W. Srrvurt, Fellow of Trinity College, Cambridge*. 

5 ge investigation of the diffraction of light by small par- 
ticles, contained in the February Number of this Maga- 

zine, proceeds throughout on the assumption that the difference 
between two media which differ in refractive power 1s a difference 
of density and not a difference of rigidity. My object in the 
present communication is to attack the problem more generally, 
and to show that the more special hypothesis is in no degree 
arbitrary, but forced upon us by the phenomena themselves. 
The words “ density,” “rigidity ” need not be interpreted lite- 
rally, but are used ina generalized sense analogous to that given 
to “velocity” and “force” in the higher mechanics. 

The first step is to find the equation of motion of an isotropic 
elastic medium whose density and rigidity may vary from point 
to point. If D denote the density and n the rigidity, a process 
similar to that used in Thomson and Tait’s ‘ Natural Philosophy,’ 
p- 530, leads us to the following :— 

_ andy dnd , indy dn df _ 
me Wis ae de 

* Communicated by the Author. 
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and two similar equations, where &, 7, € are the displacements 
parallel to the coordinate axes, 

d& dyn, a 
oat yt dz 

vast (n ta 2 (ntl) 4 Sat) 
"—~da\" dx} * dy “dy + eae)" 

Ifn and D were constant, equations (1) would be satisfied by 

g=1=5=0, | 
Cae eke Joe ts a @) 

In the application that we have to make, n and D may be sup- 
posed to be constant except within a small space T at the origin 
of coordinates, where they assume the values n+ An, D+AD. 
In consequence of this variation the equations of motion are no 
longer satisfied by (2) ; but we may take as the true values of the 
displacements, &, 7, poe 6, where §, 7, € 6 are small quan- 
tities of the order T, which are to be neglected when multiplied 
by An, AD*. Substituting in equations (1) and dropping the 
factor ee to the time, we get 

f (m8) +Vak+DEVELE SS =O, | 
a ae) +V,n+ Dk2b%y =0, (3) 

d F (m8) + Vy E+ DAO +, & + DEV =0, 
and 2Qar nN 

pes 2 = 

ESR! ope 
or, since 

Vn C= V anbo + Vnbos 

DQ=(D+AD)=D4+ AD. &, 
and 

Vn Co+ nk*t,=0, 

ld oz , 1 dn db, ee 
a ee =0, | 
ee | 
ag eo) Ne == 0) i 

Lod 5 4 3 ~ (m8) + VEL RCH > Vanlot SP a =0. 
dé dyn 

Hence if o,= Hes ale &c. be the rotations of the medium, 

* The effect of this is subsequently considered. 
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1 d dn = 2 1 a@ (an ao pa 
a 8 on dy dz dx 0, 

hag alate! Bees a0, 2 OLY a eet 7 
ane dy \n dx a a mas (4) 

dfld dg } 2 a0 rs 2 
een et a, dz erate dx +5 > iE 

L a fadndlg\ 
— ndz TERT) ia 

Accordin = y 
the e7 "dt, d (A ao, 

= r dn ay\ 

api dNmadiod pen 

A Bhar) 
i - aby e— kr 

a fe (fo dx wal r ae, 

AnT d&, yz da? (: za 
Aon dx r* dr?\ r 

higher powers of : being neglected. By similar reasoning, 

1 = 12 gh 
Sly Ane ee dr = ( r ) 

cael bids al = 

vagal A K2 ear 
2 Lap = be re 7 (—) 

T An dt, x* d? (en 
4c n dx r® dr? :(—) 

T An dt, 2? d Ean 
Ad n dx rv dr? — 

or, since 

G — gike ab — keke 

0 dar Z 

Roe rege —( An 4) 
~ Ar or (apie: 

del cP (AD gy. An zy 
1 Aor Gr , n r? : 2) 

~ Ad or Dr n 72 

aiet iest? ADa« . Anz =] | 
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These are the component rotations. The resultant in the 
general case would be rather complicated, and is not wanted for 
our purpose. It is easily seen to be about an axis perpendicular 
to the scattered ray, inasmuch as 

ra, +ya,+2z2,=0. 

Let us consider the particular case of a ray scattered normally 
to the incident light, so that ez=0. Denoting for brevity the 
common factor by p, we have 

An yz 
PaTae aes 

AD 
a= P D~ 4, ° ° . e ° e (6) 

An 2? 
Bo= nee 7 

whence 
2 42 2 42 

saattattaiae() tea) o 
Here we have reached a result of some importance and one 

which can be confronted with fact. For from the value of a it 
appears that there is no direction in the plane perpendicular to 
an incident ray of polarized light in which the scattered light 
vanishes, if An and AD be both finite. Now experiment tells 
us plainly that there is such a direction, and therefore we may 
infer with certainty that either An or AD vanishes. So far we 
have a choice between two suppositions ; either we may assume, 
as in my former paper, that there is no difference of rigidity be- 
tween one medium and another, and that the vibrations of light 
are normal to the plane of polarization, or, on the other hand, 
that there is no difference of density between media, and then 
the vibrations must be supposed to be zn the plane of polarization. 
The former view is the one adopted by Green and (virtually) by 
Cauchy in their theories of reflection ; while the latter is that of 
MacCullagh and Neumann, which I now proceed to show is 
untenable. 

Suppose then that AD=0. Reverting to the general values 
of @,, 2, 7; in (5), we have 

An yz ) 
ree aes | 

An L e o e ® e 

Ai Peel its) e 
An 2?—z?, 

n 7? 

Se if 
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which show that there are in all six directions from 0 along 
which there is no scattered ray—two perpendicular to the plane 
(zx) of original vibration, and four in that plane inclined at 
angles of 45° to the original ray and its prolongation. No va- 
nishing of the dispersed light in these oblique directions is known 
from experiment; but before unreservedly discarding the theory 
which indicates it, we ought to inquire how far our approxima- 
tion is sufficient to warrant sucha step. In neglecting the pro- 
ducts of & 7, ¢ with An, we have in reality omitted terms 
from the result which involve the square and higher powers of 
An, and it may be that the light corresponding to them would 
not vanish in the specified directions. I have not been able to 
satisfy myself whether this would be so or not; but I think that, in 
spite of ignorance on this point, the inference may be safely drawn 
that the theoryis untenable ; for the terms in question, depending 

Jipee : Ap? 
on the square of the difference of rigidity, are proportional to ae 

(where y is the refractive index), and become of less and less im- 
portance as the media approach one another in refrangibility. 
In the case of particles of mastic suspended in water, the indices 
are 1°5 and 1°33, and terms depending on the square of An 
must be comparatively small. Yet I could find no indication of 
a falling off of intensity in the predicted directions in some ex- 
periments that I made with precipitated mastic and soap, and 
accordingly conclude that the hypothesis of a constant density 
and variable rigidity must be rejected. The only alternative is 
to suppose, as in the February Number, that the ether preserves 
its statical properties unchanged when associated with matter, 
whose effect is therefore merely to increase the inertia of the vi- 
brating parts in greater or less degree. 

It may be worth notice that, according to the theory here 
combated, there would be two polarizing-angles, of 224° and 674° 
respectively, when light vibrating in the plane of incidence is re- 
flected from the boundary of two media which differ but little 
in refrangibility, as may be seen from the reasoning of this paper 
by remembering that the square of An may be neglected. I 
need scarcely say that in such a case the polarizing angle is 
really 45°, and that the reflected light does not tend to vanish 
at the two first-mentioned incidences, whichever way the light 
may be polarized*. 

In equations (5), putting An=0, we have 

* There is a sense in which 45° is the first approximation to the polari- 
zing-angle for all substances. The difference between the true value and 
45° may be looked upon as a correction depending on the square and higher 
powers of the difference of optical density. 
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r oe. es 
D'—D z« 

B= —p—py— 

which correspond to the results already obtained. Since the 
optical density is proportional to the square of the refractive 
index, 

D'—D of w?— py? 
' Se 

In a note to my previous paper I mentioned that no change 
is required in (8), even though the terms containing the square 

I 
and higher powers of are retained. As I there showed, 

D 
the density of a medium may always be supposed to be changed, 
even in the most arbitrary manner, if suitable bodily forces pro- 
portional to the variation of density and to the actual accelera- 
tion are conceived to act upon it, while the motion remains ab- 
solutely the same as before. The waves thrown off from a small 
particle which lies in the path of a beam of light are those due 
to a set of forces proportional to D’/—D, and parallel to the 
actual vibrations acting through the space T occupied by the 
particle. In calculating the effect of the forces, the variation of 
density is to be taken into account, unless we are content to neg- 
lect the square of D'—D. But by a second application of our 
principle we see that the density within the space T may be sup- 
posed to be D instead of D’, provided we introduce a second set 
of forces proportional to D'!—D and to the acceleration at T. 
Now it may be proved (Thomson and Tait, p. 569) that the effect 
of a bodily force applied through a small space T to an elastic 
medium diminishes without limit with T even within the region 
of application. Accordingly the acceleration at T caused by our 
first set of forces is of a higher order of magnitude than the 
forces themselves, and thus, whether D/— D be small or not, the 
effect of the second set is to be neglected. The error caused by 
taking. in the calculation of the first set the undisturbed instead 
of the actual acceleration is evidently smaller still. 

Ifit were desired to continue the approximation, some further 
supposition would be necessary as to the shape of the disturbing 
particles. The leading term, we have seen, depends only on the 
volume; but the same would not be true for those that follow. 
However, little exception could be taken to the assumption of a 
spherical form ; and in that case there is no difficulty in proceed- 
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ing further; but I have not arrived at any results of interest. 
Without calculation, we may anticipate that, as the diameter of 
the particles approaches in magnitude the quarter wave-length, 
the amplitude of the diffracted vibration will begin to increase 
less rapidly than T, and that about the time the half wave-length 
is passed an absolute diminution will set in. Of course, when 
the incident light is compound, the more refrangible elements 
will be the first to show a sensible deviation from the more 
simple law. 

In his interesting experiments with precipitated vapours, 
Professor Tyndall* found that when the particles of the cloud 
illuminated by unpolarized light from the electric lamp had 
attained such a size that the light discharged normally had lost 
most of its power of affecting the naked eye with the sensation 
of colour, even then by analyzing the light with a Nicol placed 
in its position of minimum transmission the azure could be re- 
vived in increased splendour. Professor Tyndall calls this the 
“residual blue.” Experimentally it is doubtless more conve- 
nient to analyze the light after diffraction from the cloud; but in 
theoretical explanation and deduction it is simpler, and comes to 
the same thing in the end, to consider the original beam as po- 
larized before it falls on the cloud. The residual blue is then 
the light discharged from the cloud in a direction parallel to that 
in which the incident light swings. The complete explanation 
of this and other allied phenomena is yet to be made out ; but 
one thing we learn from our theory, if indeed it is at all to 
be depended on. However large the particles may be, the light 
scattered or reflected} parallel to the primary vibrations depends 

on the square and higher powers of ays in experimental 

12__ 2 
language, of s . It is easy to see, too, that the first term in 

be 
the expression of the amplitude must contain a much higher in- 
verse power of X than A”, and that 2f7t stood alone it would cor- 
respond to a compound light of a much richer colour than that due 
to very small particles acting in the ordinary way. Still I cannot 
honestly say that the residual blue is predicted by theory: before 
the light discharged in this unfavourable direction could become at 
all sensible, the particles must have grown to such a size that their 
diameter would bear no inconsiderable proportion to the waves of 
light ; and then we have no right to suppose that the first term in 
the expansion proceeding by powers of the diameter may be taken 

* Phil. Mag. vol. xxxviii. p. 156. Phil. Trans. 1870. 
+ This may be verified with Fresnel’s expression for the intensity of the 

light regularly reflected when the plane of polarization and plane of inci- 
dence clude aright angle. 

Phil, Mag. 8. 4. Vol. 41. No. 275, June 1871. 2H 
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as representing with sufficient approximation the entire series. 
Indeed the residual blue appears to be rather capricious in its ap- 
pearance, and to depend on conditions not yet fully known. I 
may mention that I have not been able to detect any unusually 
mtense coloration in that part of the light from the sky which 
vibrates in a plane passing through the sun. This is the more 
remarkable, because it might be supposed that a part at least is 
light which has twice undergone diffraction, in which case the 
intensity would vary as A~® if otherwise undisturbed. But we 
inust not forget that, of the indirect hght illuminating the higher 
strata of our atmosphere, a very considerable fraction must come 
from the earth itself; and this certainly is coloured any thing but 
blue. It would be interesting to observe whether the residual 
light from parts of the sky 90° distant from the sun is m any way 
dependent on the character of the earth’s surface—whether, for 
example, it is the same as usual over water or when the ground 
is covered with snow. I presume that with the precipitated 
clouds there is no question of light diffracted more than once. 

Theory would lead us to anticipate that the optical density of 
the particles of foreign matter may have a large influence on the 
development of the residual blue. If the particles and the me- 
dium in which they are suspended have nearly the same refran- 
gibility, the hight emitted parallel to the original vibrations may 
be expected to be very feeble, not only absolutely, but in eompa- 
rison with that emitted in other directions. Professor Tyndall’s 
method of precipitating organic vapours (some of which may 
have a high optical density) in air is then more favourable than 
the suspension of mastic or other moderately dense solids in 
water, as used by Briicke and other physicists. 

I take this opportunity of referring to the observations of 
Roscoe on the photographic power of skylight, with which | 
have only lately become acquainted. The comparison of photo- 
graphic with luminous intensities is well adapted to exhibit dif- 
ferences of quality related in a simple manner to the wave-length. 
The very small chemical action of the direct solar rays, as com- 
pared with what might have been expected from their intense 
action on the retina, is a striking verification of the theoretical 
results developed in the February Number of this Magazine. 

LIX. On the Capillary Phenomena of the common Surface of two 
Liquids. By G. QuINCKE. 

[Continued from p. 390. |} 

V. On the spreading of liquids on other liquids. 
24, ie three common surfaces of three liquids intersect in a 

(curved) line, then three forces operate on a particle of 
the substance, P, in the line of intersection , which lie in the per- 
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pendicular plane of the element P of the curve. These forces 
are equal to the capillary constants or tensions of the surfaces of 
the three capillary surfaces, and in equilibrium when the equation 

Tow, Gane as: (1) 
Stil Geet esi O 1) SMG ie) ae 

is satisfied. 
In this equation 05, 6,, 0, denote the angles which the elements 

of the meridian of the curved capillary surface intersecting at 
the point P, whose directions coincide with those of the forces 
Gray os, and 4, Make with one another. 4, 1s the capillary 
coustant of the common surface of liquids 1 and 2, &c. 

A lens-shaped drop of water on a surface of mercury, over 
which is air or oil, would correspond to the given hypotheses. 
The mereury may represent liquid 1, the water hquid 2, and 
the air or oil liquid 3. 45, 95, @, are “the angles at the common 
edge of the wedge-shaped pieces of the three liquids, as may be 
seen froin fig. |. 

Fig. I. 

The angles 03, 05,0, may be replaced by their supplements ag, 
@o, @, in equation (1); these are then the angles of a triangle 
whose three sides are a5, #3, and @,, respectively, or whose 
sides are parallel to the three meridian-elements of fig. 1, as 
fig. 2 shows. 

Fig. 2. 

If therefore a triangle be constructed whose three sides are pro- 
portional to the capillary constants (tensions of the surfaces) of the 

2H 2 
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common surfaces of three liquids meeting in a point, then the exte- 
rior angles of this triangle give the angles at the edge of the said 
three liquids for this point*. 

It follows directly from this, that, along the curved line which 
cuts the three liquids, the marginal angle within each liquid must 
be constant, since the magnitudes @ only depend on the nature 
of the liquids in contact, and are constant within the same liquid 
surface. 
The sectional curve of the three surfaces must be a circle. In 

fact experiment at once shows the correctness of these last two 
conclusions when water is placed on the ordinary horizontal 
surface of mercury, where the water forms upon the mercury a 
lens-shaped drop or a thin layer with a circular opening (com- 
pare § 27). 

If of the capillary constants ao, #51, % 3, and the angles 6,, 04, 
@,, three magnitudes are known, from these the remaining three 
can be found, and by the same methods which serve to determine 
the sides and angles of a triangle from three given elements. 

For the case in which two liquids only are brought into contact 
(for example, water placed on mercury in air), @3;=a,, @gg=9, 
or 3, and a, denote the capillary constants of the free surface 
of liquids 1 and 2. | 

25. With the magnitudes of the capillary constants deter- 
mined by means of experiment in the first section of this me- 
moir, the angle of the edge can be calculated from the equation 

Ole aay) > eee es a? = a2 + a2, — 215) 093 COS W3— COS O5 
2 Pp pa A} 

= 003 w= 131 t Mes Mie. inex Men 

Equations analogous to the above can be established for w, 
and w,. 

The angle @, is impossible (that is, a spreading of liquid 2 
over the common surface of liquids 1 and 3 takes place) when 
cos @3— I, 

2 31% 93 

a = 2 aS 2s) %o35 
Oi — 

(ag) — 93) > Bi 

ar (Ge — Gg) =a Aio- 6 e ry ° ° ry (3) 

A liquid 2 placed on the surface of a liquid 1 which is bounded 
by air, spreads itself out, provided 

Gg (A, —as)50 a ee 

that is, when the capillary constant of the common surface of liquids 

* This proposition was, I believe, first enunciated by Neumann. 
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1 and 2 is equal to or less than the difference of the capillary 
constants of the free surface of liquids 1 and 2, or than the value 
of the capillary constant of the common surface of two liquids de- 
duced from Poisson’s theory. 

Moreover this proposition follows, when the question is not 
to determine the angle w, from it, simply from the observation 
that the difference of any two sides of a triangle must always be 
less than the third side. 

For liquid 1 the liquid with the greater capillary constant must 
always be chosen, as the particles will adhere whose reciprocal 
attraction is the greater, or the particles of that liquid which 
possesses the greater (dependent on the reciprocal attraction) ca- 
pillary constant. 

The sign of equation (3) is always to be so chosen that the 
left side will be a positive magnitude, as a capillary constant or 
surface-tension of a liquid is an essentially positive magnitude. 

It may here be mentioned that the whole theory of capillarity 
may be deduced from the principle that the surface of a liquid is 
aminimum. It appears that by bringing several liquids together 
they so arrange themselves that the sum of their surface-tensions 
becomes the least possible. 

If a liquid n be displaced from the common surface of liquids 
1 and n by a liquid 2, then the liquid 2 can be displaced by a 
liquid 3 from the common surface of liquids 2 and n, and so on. 
The conditions, according to equation (3), are 

=> 
Bin 12 ag bons 

Gon > a3 oe A3ny 

or (by adding these inequalities) 

Bea Bylo ticks de ly agin | arent ae 

For a gas or for rarefied air as liquid n, the suffix n would be 
omitted in the above equation, and a, and a,_, would denote 
the capillary constant of the open surface of liquids 1 and n—1. 

The different common surfaces then succeed one another as if 
they were arranged according to the magnitude of their capillary 
constant or tension of surface. The thickness of the single 
layers of liquids can never be 0, and must, in case the magni- 
tudes « have the usual signification, be >2/, or greater than 
twice the radius of the sphere of action. 

If the thickness of liquids 2, 3,...—1 is very small, as, for 
example, in the experiments of Section IJ., then the sum of the 
single tensions of surfaces is equal to the collective tension of the 
superposed surfaces, and always less than the tension of the 
original (open or bounded by liquid 7) surface of liquid 1. 
26. The best method of observing the spreading of a liquid 2 
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on the surface of another liquid 1 consists in noticing in the drop 
or bubble the change of form which accompanies the spreading. 

. According to what has been said in § 25, the flat drop must in 
spreading become flatter, or, to express it more accurately, the 
magnitude K—f must diminish. The entire height of the drop 
K will likewise diminish as soon as the angle @ does not mate- 
rially alter. 

In fact the experiments described in Section IL. ($$ 11 to 14) 
show this decrease. 

It follows from the summary given in § 10, Table X., that 
Poisson’s formula does not hold for mercury or water and a 
series of liquids. It is thus in agreement with theory, and could 
have been foretold by it, that bisulphide of carbon, olive-oil, oil 
of turpentine, aud petroleum spread themselves on flat air-bubbles 
in water, as I have proved in § 12, or that water, olive-oil, and 
oil of turpentine spread themselves on flat drops of mercury in 
air, as I haye proved in § 13. 

Absolute alcohol likewise spreads on a flat air-bubble in olive- 
oil (§ 12), since also for alcohol and olive-oil the capillary con- 
stant of the common surface, 0:226 milligrm., =a, is <a,— do, 
which =3°760 milligrms. —2°599 milligrms. = 1°61 milligrm. 

The smallest value of the capillary constant a,,is 0. In this 
ease the two liquids are miscible in all proportions, and equation 
(3) always holds good; the liquid 2 with smaller capillary con- 
stant a, spreads on liquid 1 with greater capillary constant a@j,. 

In fact it has been shown in § 14 that oil of turpentine 
spreads on the surface of flat drops of olive-oil in water, or on 
flat drops of bisulphide of carbon in water. 

Flat drops of water in olive-oil retain their form if permitted 
to rest on a layer of mercury over which the olive-oil is poured. 
K —k is the same for these drops as in flat bubbles of olive-oil 
in water (§ 7); 1t becomes less as soon as alcohol is brought to 
the boundary of oil and water—a proof that the alcohol spreads 
itself out on this bounding surface, as might have been foretold 
from the numbers of Table X. § 10 by help of the tieory. 

In like manner olive-oil, oil of turpentine, and petroleum 
(liquid 2), as was shown in § 14, spread themselves out on flat 
drops of mercury (liquid 1) in water (liquid 3), as a9, for these 
liquids (according to Table X. § 10) 34°19 milligrms., 25°54 mil- 
ligrms., and 28°94 milligrms. respectively, is less than ¢)3,—@o3 ; 
that is, less than 40°48 milligrms., 41°40 milligrms., and 38°75 
milligrms. 

This spreading may also be observed in fused substances. 
In the case of fused metals, when they alloy with each other 

in all proportions, &,. also equals 0. 
If on a flat drop of gold or silver melted on charcoal, of which 
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the capillary constants* are 131°5 and 79°75 milligrms. respec- 
tively, a trace of lead} be placed, whose capillary constant is 
45°66 milligrms. at 330°, and at 1200° or 1000° is consequently 
considerably less, the height of the drop and K—& are im- 
mediately seen to decrease considerably, as theory requires. 
The melted lead (with smaller capillary constant) at once coats 
the whole drop, and the tension of the surface becomes consider- 
ably less than before. 

The magnitude K —4, which for pure gold and silver amounts 
to 4 millims., decreases here | millim. or more. There is pos- 
sibly superficial oxidation of the lead coating, although the surface 
of the drops retains its metallic appearance. 

Flat drops of copper covered with a very thin layer of oxide 
are much shallower than those with a pure surface, because the 
oxide of copper which covers the surface has a much smaller ca- 
pillary constant than copper. In this case a). is assumed =0 
for the limit of copper and oxide of copper, since, from Matthies- 
sen’s experiments], the oxide appears to dissolve in the metal. 

The layer which induces this change in the form of the drop 
is so remarkably thin that it is completely beyond all other me- 
thods of observation, spectral analysis perhaps excepted§. 

Ifa substance when placed on a liquid is very quickly dissolved 
by the latter, it is easy to understand that the change in shape 
of the capillary surface may not occur. Thisis the case, for ex- 
ample, when oil of turpentine is placed on flat drops of bisulphide 
of carbon in water (compare § 14). 

Small quantities of tin, copper, or silver placed on flat drops 
of melted gold, or tin on flat drops of melted silver, do not ma- 
terially change the form of these drops. 

Thus these metals appear to be dissolved more quickly than 
lead by melted gold and silver. I may perhaps have even 
overlooked a trifling change of form, as | was obliged to make 
this experiment on comparatively small drops from scarcity of 
pure substance. 

27. From the magnitude of the capillary constants of the com- 
mon surface of mercury and the liquids adduced in the first sec- 
tion (Table X. § 10), it follows that «,, is always less than @,— aa, 
that consequently, according to equation (3) § 25, all the liquids 
named in that Table, especially water and an aqueous solution 
of hyposulphite of soda, must spread themselves out on a free 
surface of mercury. 

In apparent contradiction to this is the fact that lenticular 

* Poge, Ann. vol. exxxvil. p. 148 (1869). 
T Ibid. vol. exxxy. p. 642 (1869). 
t Ibid. vol. ex. p. 224 (1860). 
§ Compare Pogg. Ann. vol. exxxviil. p. 147 (1869). 
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drops of water can be placed on a surface of mercury, and that 
they, as Draper* and Paalzow+ have shown, contract and assume 
smaller diameters if an electric current is caused to enter the 
drop of water and pass out through the mercury. The lenticular 
drops, on the contrary, spread themselves out when the electric 
current flows in the opposite direction. Even very weak electric 
currents I have found produce this effect. The contraction of 
the drops increases with the duration and strength of the elec- 
tric current. It is seen from this that the nature of the bound- 
ing surface has a real influence on the shape of the drop of water, 
that traces of a third substance brought to the separating sur- 
face of mercury and water (as the small quantities of hydrogen 
and oxygen liberated here by electrolysis) influence the form of 
the drop, even if from their small quantity they can scarcely be 
‘perceived by other methods of observation. 

Paalzow has shown that contraction of the drop of water 
can be produced by the addition of hyposulphite of soda to 
the water, and by the addition of chromic acid an expansion 
of the drop. He assumes that even the purest mercury contains 
oxygen and a small quantity of oxide on its surface; by means 
of hydrogen electrolytically separated, or the addition of hyposul- 
phite of soda, this layer of oxide is reduced, the capillary relation 
of the mercury to water is altered, the repulsion between the two 
liquids is increased, and thus the contraction of the drop is 
brought about. 

If this explanation were correct, it would follow that the mer- 
cury examined in § 8 must have been coated with a layer of 
oxide, and the numbers in Table X. $ 10 for mercury and water 
must refer to mercury coated with a layer of oxide, for mercury 
and hyposulphite of soda to mercury with a pure surface; and 
it would still be unexplained why drops of water and of hypo- 
sulphite of soda do not spread on drops of mercury. 

But the contradiction immediately disappears if pure mercury 
be applied, not containing a trace of a foreign substance, parti- 
cularly of a fatty or etherial oil.. This is obtained in the follow- — 
ing manner. 

The mercury is digested for a long time under frequent agita- 
tion with concentrated sulphuric acid, to which a couple of drops 
of nitric acid are added, in order to free it from an admixture of 
oxide and foreign metals. It is afterwards separated from the 
sulphuric acid and the insoluble salts by being run repeatedly 
through a funnel made of clean writing-paper whose aperture is 
not too small, and which is stuck together on the outside with 

* Phil. Mag. vol. xxvi. p. 187 (1845). In this memoir, however, the 
direction of the current is reversed. 

+t Pogg. Ann. vol. civ. p. 420 (1858). 



of the common Surface of two Liquids. 461 

sealing-wax. The apparently pure mercury is then shaken fora 
long time with distilled water, or (and this is a better process) 
it is allowed to run again and again through a paper funnel with 
a very narrow opening into a porcelain dish filled with hot 
distilled water. The foreign liquids, acids, oils, &c. mixed with 
the mercury dissolve in the water. The water is separated from 
the mercury, as the sulphuric acid was, by means of a paper 
funnel, in which a funnel made of blotting-paper, with a larger 
opening, can be placed. In order to remove the last. trace of 
water, the mercury is finally passed through a funnel made 
of writing-paper with a narrow opening into a warmed porcelain 
dish*, and in the same manner into a dry flask, in which, after 
the latter has been corked, it is allowed to cool. 

Ifthe mercury thus purified be placed in a watch-glass which 
has been washed with alcohol, dried with a clean cloth, and 
warmed over a gas-jet, then water and an aqueous solution of 
hyposulphite of soda will spread themselves out upon it. 

If the mercury be allowed to run through a funnel of writing- 
paper with a narrow opening into a warmed clean flask and then 
cooled in the well-corked flask, water will then spread on the 
surface of the cold mercury. 

If the surface of the mercury be touched with a freshly drawn- 
out glass thread O°1 millim. or smaller in diameter, on the 
surface of which there is a trace of olive-oil or oil of turpentine, 
water will contract upon it into alens-shaped drop; at the same 
time the drop of water changes its position on the surface of the 
mercury, being driven from the place on which the oil was put. 

The diameter of the drop of water diminishes as the quantity 
of oil placed on the surface of the mercury is increased. The 
superposed layer of oil spreads itself on the surface of the mer- 
cury to a thin pellicle of uniform thickness, lessens, as was ex- 
plained in § 13, the surface-tension of the mercury, and equation 
(2) § 25 gives a real value of angle ws. The diameter of the drop 
of water diminishes as the thickness of the layer of oil on the 
surface of mercury increases. If the layer of oil spreads itself 
out on one side of the drop of water and diminishes the surface- 
tension of the mercury in that place, then the whole drop will 

* The porcelain dish shows in the place where the stream of mercury 
fell a system of Newton’s coloured rings of an irregular elliptical form. 
The coloured layer, whose thickness decreases more slowly towards the 
outside than towards the inside, exhibited in the thickest place, after from 
10 to 15 pounds of mercury had run out, blue and violet of the first order 
to yellowish green of the second order in reflected light; it was difficultly 
soluble in C1H, but easily so in NO’ H’, and I am inclined to think it was 
oxide of mercury. Whether the electricity excited by the friction of mer- 
cury and porcelain contributed to its formation, further experiments must 
teach. 
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be drawn over to the other side, where the unchanged surface of 
the mercury has the greater tension. 

If hyposulphite of soda be placed on the lens-shaped drop of 
water, it contracts still more, since the capillary constant of the 
common surface of mercury and hyposulphite of soda is greater 
than the capillary constant of the common surface of mercury 
and water. 

If the glass thread covered with oil is brought into contact with 
the free surface of a lens-shaped drop of water on mercury, the 
oil spreads on the water, diminishes the tension of its surface, 
and the diameter of the drop increases. If at the same time the 
glass thread wetted with oil be also, through immersion in the 
water, brought into contact with the common bounding sur- 
face of mercury and water, the oil spreads itself out upon it, 
diminishes its tension (§ 14), and the drop of water assumes a 
still greater diameter. 

If the quantity of oil placed on the free surface of the water 
or on the surface bounded by the mercury is too great, the little 
drops of oil slide on the surface covered with oil (compare § 29) 
towards the periphery of the lens-shaped drop, spreads on the 
free surface of the mercury, and with the diminished tension of 
the latter the drop is observed to contract. 

It is well to remark that small quantities of oil placed on the 
surface of a liquid x do not overstep the sharp edge of the lens- 
shaped drop of water. The edge acts as the sharp-cut edge of 
a vertical tube, in which the magnitude of the falling drop is 
independent of the substance of the tube, or of the angle which 
the liquid forms with the substance of the tube. 
By placing a greater quantity of oil on the free surface of the 

water or of the mercury, the lens-shaped drop does not form a 
sharp edge, the oil spreads itself over the entire surface, whilst a 
skin of oil forces itself between the common surface of water and 
mercury, and there arises a lens-shaped drop of water which is 
arched strongly above and but slightly below. This form permits 
the theory to be foreseen from the numbers of Table X. § 10, as 
the cooperating tensions of the surfaces in the periphery of the 
lens are :— 

O)5= 9419+ 3-76=37°95 milligrms., 

09= 3419 4+2°10=386°29, _,, 

a. |2°10-+-3°76= 5°86. «,, 

The upper portion of the liquid lens is nearly a hemisphere. 
In air mercury condenses the vapour contained in the at- 

mosphere so rapidly, that only under particularly favourable 
circumstances does a spreading of water on the free surface of 
the mercury take place. Generally the water remains asa lens- 
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shaped drop whose diameter quickly diminishes, since the ten- 
sion of the surface of the mercury is more quickly changed than 
that of the water, in consequence of this condensation. The angle 
between water and mercury changes with the quantity and nature 
of the thin layer of liquid which has formed itself out of the con- 
densed moisture and has coated the mercury. This also ex- 
plains the different form of the lens-shaped drop of water which 
is generally observed on the mercury, unless certain precaution- 
ary measures have been taken. 

A flat lens-shaped water-drop frequently contracts on the (im- 
pure) surface of mercury when the latter is breathed on. If air 
be passed through Babo’s pearl-tubes wetted with water, this - 
effect is considerably weakened; hence it proceeds from the 
foreign substances in the moisture of the air breathed. After a 
short time they disappear, and the drop of water again assumes 
its original form. 

I believe that the layer of a liquid, the thickness of which does 
not exceed one-millionth of a millimetre, can be perceived in this 
manner, and that this method under favourable circumstances 
even surpasses in sensitiveness the one depending on optical 
phenomena. 

Drops of an aqueous solution of hyposulphite of soda always 
assumed the shape of a lens on the cold surface of mercury in 
the experiments which I made. It must remain doubtful whether 
the non-appearance of the spreading is to be ascribed to the im- 
purity of the mercury or to small errors in the numbers of 
Table X.§ 10. Owing to the great difficulty of these researches, 
I cannot assert that perfectly pure mercury was used; and the 
question can only be decided by an expenditure of time and 
means which, I regret to say, I cannot at present command. The 
impurities of the mercury,-in case such were actually present, 
cannot have had a material influence on the remaining experi- 
ments of this communication or the conclusions derived from 
them. 

If the common boundary of mercury and water be covered 
with electrolytically separated gaseous hydrogen, the capillary 
tension of this limiting surface will approach the sum of the capil- 
lary tensions of a free surface of mercury and a free surface of 
water (that is, the magnitudes 55:03 + 8:25 = 63°28 milligrms.), 
and will be so much greater than the capillary tension 42°58 of 
the common contact-surface of water and mercury the greater 
the quantity of hydrogen liberated on this surface. Hence the 
contraction of the drop of water must increase with the quantity 
of hydrogen liberated, as experiment also shows. 

The layer of oxide formed by means of the liberated oxygen 
on the mercury surface diminishes the capillary tension of the 
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common surface of mercury and water, and the diameter of the 
drop increases. 

The motion of the particle of liquid on the surface of mercury 
is considerably diminished by a thin layer of liquid which covers 
the surface of the mercury. 

Lens-shaped drops of water and hyposulphite of soda with 
angles of different magnitudes can swim simultaneously on a 
surface (impure) of mercury. 

The thin layer of liquid with which an apparently pure surface 
of mercury is covered may differ in thickness and im nature in 
different places. The lens-shaped drops of water have then dif- 
ferent angles on the different portions of the mercury surface. 

If by breathing on the surface of the mercury many such 
lens-shaped drops of equal magnitude are produced, then the 
places with equal and those with different angles are easily re- 
cognized. A so-called Moserian figure (Hauchbild) is seen. To 
the Moserian figures produced in a similar manner on solid sub- 
stances, such as glass or metal plates, amongst which are to be 
included the images (Daguerreotypes) generated on insolated 
plates of iodide of silver by drops of mercury, I shall recur on 
another occasion. 

Petroleum, alcohol, and ether produce phenomena similar to 
fatty and volatile oils. Instead of placing the easily vaporized 
liquids directly on the surface of mercury, it is frequently suffi- 
cient to vaporize a drop of the liquid in question in the neigh- 
bourhood of the surface of mercury and to allow the vapour to 
be condensed, which then spreads itself out on the surface of the 
mercury as a coherent layer, and gives rise to the movements or 
changes in form of the lens-shaped drops of water on the mercury 
in the manner described. 

The effect of the thin layers of liquid on the surface of water 
and of mercury reaches a maximum when the thickness exceeds 
a magnitude 2/,—that is, twice the distance at which the mole- 
cular forces of capillarity are still effective. By observing the 
maximum effect which a measured quantity of liquid produces ~ 
on a surface of mercury of known magnitude, the magnitude 2/ 
can therefore be determined. I shall take an opportunity of re- 
turning to this. 

In the experiments described in § 8 on drops of mercury in 
different liquids, a trifling impurity in the mercury has but little 
disturbing influence, because the surrounding liquid 2 (for ex- 
ample, the water in which the drop of mercury lies) has a 
greater volume, and removes the impurity by dissolving it. The 
determination of the capillary constant «,,. refers, therefore, to 
the surface of contact of, at all events, approximately pure mercury 
and water. 
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Instead of forming a lens-shaped drop, the water may also 
cover the mercury as a thin layer witha circular opening. The 
angle of the water with the surface of the mercury is the same 
in both cases. 

28. Ifa drop of liquid 1 be placed on a liquid 2 so that 

| Py Soi eo — he Bos 
then liquid 2 will spread over the whole drop of liquid 1, and 
this will assume a lens-shaped form. 

If a drop of water be placed on olive-oil, then its upper surface 
will be coated with a thin layer of oil, so that a small drop of 
oil, as Liidtge* has shown, will spread on it as on a free surface 
of oil. The greatest diameter of the drop of water considerably 
exceeds the diameter of the circular line of intersection of the 
upper surface of the lens and of the free surface of the oil, which 
in this place is conically depressed. The drop has something 
of the form shown in fig. 8. This is in perfect agreement with 

theory, since on an element of the circular line of intersection 
the following tensions act (according to Table X. § 10), 

a,=3°76, a),,=2°10 milligrms., 

a,=3°76+2°'10=5'86 J 

in which «, denotes the tension of the surface of the oil-layer on 
the upper surface of the lens. 

The diameter of the circular line of intersection increases or de- 
creases when «, is diminished by placing oil of turpentine on the 
upper surface of the lens, or when @, is diminished by placing 
the same liquid on the free surface of the oil. The increase or 
decrease, however, is far from being so striking as in the analo- 
gous phenomena with lens-shaped drops of water on mercury. 

29. Just as the vapours of foreign liquids contained in the 
atmosphere condense and spread over free surfaces of mercury, 
so also do they on the free surfaces of other liquids, e. g. water. 
If these impurities are not dissolved by the condensing liquid 
1 with great facility, they form a thin coating, which may exer- 

* Pogg. Ann. vol. cxxxvil. p. 372. 
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cise some influence on the spreading-out of other liquids, 2, on 
the surface of liquid 1. 

The Moserian images on different liquid surfaces are also 
explained by the different angles which the condensed water- 
drops make with the surface of liquid 1, rendered impure from 
various causes. 

Of the various cases of spreading of a liquid 2 on a liquid 1, 
the spreading of fatty oils on water especially has been fre-. 
quently investigated, as is shown by the list given below*, 
although it is by no means complete. 
When a small quantity of fatty oil (for example, a drop of olive- 

oil hanging to the end of a glass rod) is placed on the free 
plane surface of water or mercury in a large vessel, it spreads 
itself out as ifit were on a curved surface. 

If the quantity of oil is not too small, so that it is not quickly 
dissolved by the liquid below, then the film of oil after a time 
contracts to lens-shaped drops. In a similar manner a second 
drop of oil remains on the surface of water or mercury, upon 
which the first drop has already spread itself out. 

If a surface of water has stood a long time in the open air so 
that its open surface is rendered sufficiently impure by a con- 
densed layer of liquid condensed from the atmosphere, then the 
drops of oil first placed on it assume the lens shape, as G. 
Hagen was the first to observe. 

The explanation of these phenomena must, in my opinion, be 
sought in the change which the oil undergoes in contact with 
water or mercury, either through solution or a chemical combi- 
nation (perhaps under the influence of atmospheric air). Oul 
thus modified in its properties possesses a greater capillary con- 
stant or tension of surface, which differs the more from that of 
the unmodified oil the further the change has proceeded. The 
slightly modified oil (liquid 2) behaves towards oil which is either 
not at all modified or greatly so, as towards another liquid 
with another capillary constant. 

The lens-shaped oil-drop is formed of liquid 2, of oil not at all 
modified, or only slightly so (on account of the slow diffusion), 
which at the boundary between it and the air and the much modi- 

* Franklin, Phil. Trans. 1774. p. 445. Mann, Mém. d. Brua. 1780, 
p. 255. Martin Wall, Manch. Mem. 1785, vol. iu. p. 419. Ben. Prévost, 
Ann. de Chim. (1) vol. xxi. p. 254; vol. xxiv. p. 31 (1797); Gilb. Ann. 
vol. xxiv. p. 158 (1806). Draparnaud, Ann. de Chim. (1) vol. xlvu. p. 304 
(1803); Gilb. Ann. vol. xxiv. p. 143 (1806). Carradori, Brugnatelli Giorn. 
1797; Gilb. Ann. vol. xxiv. p. 134 (1806). Link, Gilb. Ann. vol. xxiv. 
p. 121 (1806). Thomas Young, Lect. II. p. 659 (1807). Fusinieri, 
Brugn. Giorn. 1821; Frankenheim, Cohdsionslehre, p. 152. Weber, Wel- 
lenlehre, 1825, p. 78. Frankenheim, Cohdsionslehre, 1835, pp. 134-152. 
G. Hagen, Abh. Berl. Akad. 1845, p. 32. 
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fied layer of oil which covers the water or mercury has relatively 
a surface tension % Or &,, both of which are less than the sur- 
face-tension 2, of the free surface of the water or mercury 
covered with the much modified layer of oil. Liquid 2 will re- 
main on the surface of liquid 1 as lens-shaped drops with various 
angles, or spread itself out, according to the magnitude of the 
constants @,, a,, and @,, as experiment also shows. 

Fig. 4 gives the cross-section of a drop of oil on a surface of 

Fig. 4. 
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water containing oil. The form of the same changes with the 
quantity of oil already dissolved by the water and the nature of 
the film of oil which covers the water. The drop generally be- 
comes flatter the longer it remains on the water. 

By breathing on the oil-lenses swimming on water, there may 
be observed, when the surface is sufficiently mobile, a similar 
contraction of the oil-lenses and change of the angle to those I 
have described in $27, when water lenses on mercury are breathed 
on. The phenomenon is accounted for here, as there, by sub- 
stances which are contained in the form of vapour in the air ex- 
pired and are condensed on the surface of the water. 

As with water and mercury, so also with oil and water, thin 
layers of oil with circular holes occur whose angle is the same 
as that for a lens of oil on the same surface of water. 

By means of the foregoing, the interesting phenomenon is 
explained which is observed when a drop of oil spreads itself 
out on a large surface of water, for instance, on a pond. A 
portion of the oil spreads itself out as a layer on the surface 
of the water to the extent of several square feet, and forms 
the most splendid imterference-colours. The rest remains in 
the form of lens-shaped drops in the middle of the coloured 
oil-film. The latter gradually becomes thinner, draws itself 
together in a few places as irregular spots, and is gradually 
absorbed by the water. If the film of oil around the lens- 
shaped drop becomes infinitely narrow, then the latter sud- 
denly spreads upon the free surface of the water; I might say 
the oil-lens explodes and forms a new film of oil of uniform 
colour or thickness, and from 2 to 3 inches in diameter. After 
this the process described above again repeats itself. This 
experiment sometimes succeeds with small drops of oil on a 
plate filled with pure water. 

80. Besides those described in the foregoing paragraphs, a 
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great number of other experiments on outspreading have been 
made. 

The appearance which the spreading usually presents is that 
particles of dust on the free surface of liquid 1 are repelled by 
it, or that liquid 2, spread out to a thin layer, shows Newton’s 
coloured rings. By means of the foreign substances sticking 
to the particles of dust, however, the surface of the liquid is 
easily rendered impure; and optical methods are insufficient, as 
soon as the superposed layer of liquid becomes too thin, or the 
two liquids have nearly the same refractive indices. 

As the substances brought into contact with one another, either 
through reciprocal solution or chemical influence, change their 
capillary constant, or even form entirely new chemical combina- 
tions, in which the atmospheric air and the moisture con- 
tained in it must be particularly considered, so in many cases a 
result can be observed to which the laws given in § 2. appear 
to be in contradiction. On a proper criticism of the methods 
used by different observers and the facts discovered by these 
methods, they will all be found in agreement with the theory. 

A great portion of the experiments on spreading known to me 
can be estimated by the numerical data of Table X. $10. The 
magnitude of the unknown capillary constants of the common > 
surface of two liquids can in many cases be approximately esti- 
mated, if it be remembered that generally a, is less the more 
liquid 1 is dissolved by liquid 2, or conversely. 

For easy comparison of the theory with the results obtained 
by other observers, I give the capillary constant « at the mean 
temperature for a few liquids. 

a. Observer. 
milligrms. 

MGHer ee ae eu OLS Wilhelmy* 
Aqueous alcohol. . 2°589 Beédet 

(spec. grav. 0°842) 
Soap-water (1, soap) 3°22 . — Plateaut 
Glycerine . . 5143 Wilhelmy§ 

The series standing under the names of the respective obser- 
vers are so arranged that the lower liquid always spreads out on 
the upper. 

* Pogg. Ann. vol. exxi. p. 52 (1864). 
+ Mém. Cour. Sav. Etr. Bruz. vol. xxx. p. 160 (1860). 
+ Recherches &c. 8e sér. Mém. Acad. Bruz. vol. xxxvii. p. 91 (1868). 
§ Pogg. Ann. vol. exxii. p. 13 (1864). 
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Draparnaud*. Carradorit. Link t. 
Water. Water. Water. 
Aleohol. Spirits of wine. Fat oil. 

Water. Ether. Petroleum. 
Volatile oil. Euphorbia juice. Oil of turpentine. 

Spirits of wine. 
Olive-oil. 
Spirits of wine. 

P. du Bois-Reymond§. 
Water. Warm oil. 
Oil of turpentine. Cold oil. 

Water. Oil. Glycerine. 
Alcohol. Alcohol. Alcohol. 

Water. Oil. Glycerine. 
Ether. Ether. Ether. 

Sl. The simplest case of the spreading of a liquid 2 on the 
free surface of a liquid | is when the two liquids are miscible 
in every proportion, and consequently in equation (4) ¢,. must 
be put =O. Then the liquid 2 with smaller capillary constant 
spreads itself out on the liquid with the greater capillary con- 
stant; or, more accurately expressed, the greater tension of the 
surface of liquid 1 draws to itself, as it were, the particles of 
the surface of liquid 2 of lower tension of sur face. 

P. du Bois-Reymond || observed that a hot drop of a hquid, 
placed on the surface of the same liquid not warmed, likewise 
spread itself out there. As the capillary constant of a liquid 
diminishes with increase of temperature, a, >a,, and the expe- 
riment can be predicted by the theory. 

The same observer has called attention to the currents pro- 
duced in the interior of liquid 1 by the spreading of liquid 2 
when he placed a layer of oil upon a layer of water mstead of 
upon a solid base. On the spreading of absolute alcohol on the 
surface of the layer of oil, vortical movements take place in the 
interior, and the water rises under the centre of the outspreading. 

These secondary phenomena may be explained, as P. du Bois- 
Reymond ** has already observed, in that the alcohol carries away 
the layer of oil bordering on it, and appears every time more or 
less strongly impressed as soon asa liquid 3 is placed on the thin 
layer of liquid 2, which had spread itself out on the surface of 
a liquid 1. The liquid 3 spreads on liquid 2 as soon as 

* Ann. de Chim. (1) vol. xlvu. p. 303 (1803). Gilb. Ann. vol. xxiv. 
p. 131 (1806). 
Cie de Chim. (1) vol. hi. p. 216 (1804). Gib. Ann. vol. xxiv. p. 139 

t Gilb. Ann. vol. xxiv. p. 123 (1806). 
§ Pogg. Ann. vol. civ. p. 196 (1858). | Ibid. p. 202 (1859). 
§] Ibid. p. 197 (1859). ** Ibid. p. 199 (1859). 

Phil. Mag. 8. 4. Vol. 41. No. 275. June 1871. Doak 
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G@o3<%,—a3, and produces currents in the interior of liquid 2, 
and rolls off, as it were, the thin layer of liquid 2 from the sur- 
face of liquid 1. Hereby liquid 3 comes into contact with liquid 
1; and it now depends on the magnitudes a, as, a9) %3, and 
és, whether or not liquid 3 drives liquid 2 from the surface of 
liquid 1. 

Moreover the more or less unknown friction of the particles of 
liquid against one another plays a part in this complicated process. 

Hence it is entirely false to say that as soon as a >azg, liquid 
3 drives away liquid 2. Thus, for example, olive-oil (24,=3°76 
milligrms.) drives the alcohol (a,=2°599 milligrms.) from a 
surface of mercury upon which two drops of these liquids are 
placed together, although «,>a,. The reason is, that for mer- 
cury and olive-oil @,,=84°19 milligrm., for mercury and alcohol 
a,,==40°71 milligrms., hence in the latter case is considerably 
greater. @),==0°226 milligrm. for alcohol and olive-oil has, on 
account of its smallness, only a slight influence in this pheno- 
menon. 

For the case in which the capillary constant of the common 
surfaces can be neglected (that is, when the liquids brought 
together are miscible in every proportion, or the a with double © 
index are small), the liquid with small capillary constant of the 
free surface will certainly drive away the liquid with greater ca- 
pillary constant. 

Tf liquids miscible in all proportions be so arranged that each 
one following spreads out on the free surface of the foregoing, then 
the same series will be obtained as of the liquids were arranged ac- 
cording to the magnitudes of their capillary constants*. 

The foregoing consideration also holds good for the case in 
which a solid body 1 is substituted for liquid 1. Although the 
mobility of the particles of the liquid in contact with this solid 
body 1 is materially diminished, we must nevertheless, as I shall 
more closely argue presently, attribute a definite surface-ten- 
sion to the liquid in contact with the surface of the solid body. 

* Frankenheim (Theory of Cohesion, p. 142, 1835) has already re- 
marked that the intensity with which a drop of liquid strives to spread 
itself out is greater in proportion as the specific cohesion of the liquid in 
question is less. Although, further on, he ascribes to the formation of va- 
pour an influence on the spreading, still he appears to have had a correct, 
if not in many points a clear conception of this phenomenon. 

More recently Ludtge (Pogg. Ann. vol. exxxvil. p. 377, subject 4 to 6) 
has enunciated the general law for any liquids, that the series of liquids ar- 
ranged according to the magnitude of their capillary constants agrees with 
the order in which the liquids spread—and has at the same time stated 
“ that the spreading takes place more distinctly the less the miscibility of 
two liquids and the greater the difference of their cohesions.”” But as &,, 
appears to be less the more readily liquids 1 and 2 mix together, this state- 
ment is in contradiction to equation (4) § 25 of this memoir. The series 
only agree with one another in the case of the most perfect miscibility. 
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On these grounds I do not consider very trustworthy the me- 
thod used by many observers, of placing thin layers of different 
liquids in contact with one another on glass, porcelain, or metal 
plates, and observing which liquid forces the other away. In 
many cases the tension of the free surface of the two liquids 
placed together so considerably preponderates, that liquid 2 
spreads itself out on liquid 3 and forces liquid 3 away from the 
surface of the solid body 1, provided a,< as. 

In this case, then, as the following summary shows, the order 
of the liquids arranged according to the magnitudes of their ca- 
pillary constants, agrees with the order in which the lower liquid 
forces away a thin layer of the higher liquid from the surface of 
a glass plate. Whether there is a perfect agreement between 
the two series can only be judged from a simultaneous determi- 
nation of the capillary constants of the liquids with which the 
experiments on spreading were made. 

Brugnatelli* 

Olive oil. 

Spirits of wine. 
Oil of turpentine. 
Ether. 

Ben. Prevost ft. 

Sulphate of zinc. ) 
Common salt. 
Saltpetre. 
Glauber-salt. a 
Blue vitriol. 
Sulphate of iron. J 
Alum. 
Water. 
Fatty oils. 
Ktherial oils. 
Alcohol. 
Ether. 

Aqueous solutions 

Water. 
Fatty oils. 
Soapy water. 

Carradori+. 

Petroleum. 

Oil of turpentine. 
Ether. 

Liidige §. 

Chloride of iron. 
Sal-ammoniac. 
Water. 
Blue vitriol. 
Ammonia. 
Muriatic acid. 
Sulphuric acid. 
Nitric acid. 
Glycerine. 
Potash. 
Bisulphide of carbon. 
Poppy-oil. 
Acetic acid. 
Plateau’s soap-solttion. 
Oil of turpentine. 
Benzine. 
Alcohol, 
Acetic ether. 
Sulphuric ether. 

* Ann. de Chim. vol. li. p. 216 (1804). Gilb. Ann. vol. xxiv. p. 136 (1806). 
tT Ann. de Chim, vol. li. p.216 (1804). Gilb. Ann. vol. xxiv. p. 142(1806), 
t Ann. de Chim. vol. xl. pp. 1 to 32 (1801). Gilb. Ann. vol. xxiv. p. 180 

(1846). § Pogg. Ann. vol. exxxvil. p. 369 (1869). 
212 
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32. The beautiful experiment by Liidtge*, of making in Pla- 
teau’s wire frame-work a film figure of water or oil (liquid 1) 
and causing it to be forced away by oil or soapy water (liquid 2), 
so that the films consist now of the latter liquid, may be ex- 
plained by the secondary currents above-mentioned and con- 
nected with the spreading of liquid 2 in the interior of liquid 1. 

Liquid 2 spreads upon one surface of liquid 1, provided 
@j)o>4a4,—a,; It rolls off the other surface of liquid 1, which, as 
regards the nature of its surface, has been unaltered, breaks 
through this, and now formsa circular film, whose diameter gra- 
dually increases, as the diameter of the lens-shaped drop of 
water on mercury increased when oil was placed upon the boun- 
dary of mercury and water (§ 27). In this latter experiment - 
also may be observed, under favourable circumstances, a perfo- 
ration of the very flat lens- shaped drop of water or the formation 
of a circular film of oil in the interior of a film of water on the 
mercury. 

Similar phenomena are seen on the surface of water when 
a drop of oil has been let fall upon it so as to be separated 
into many small drops in the water. One portion of the oil 
spreads itself out quickly, as was described above (§ 29), to 
athin skin of modified oil with a greater capillary constant or 
tension of the surface than the original unchanged oil. If now 
the specifically lighter drops of still unmodified oil ascend in 
the specifically heavier water and break through the thin skin 
of oil, they form circular films on the surface of the water, whose 
diameters gradually increase until the influence of the water 
has also sufficiently modified the capillary constants of this oil. 
I should seek the cause of this phenomenon chiefly in the differ- 
ence of the capillary constant of the free surface of the modified 
from that of the unmodified oil. 

33. The decrease of the capillary constant or tension of surface 
when a liquid 2 spreads on the open surface of a liquid 1 can 
be proved by methods which differ from the above, and particu- 
larly from those given in the first four Sections of this memoir. 

If water (liquid 1) be allowed to drop out of the end of a 
vertical sharply cut glass tube of r radius, then the weight of 
each drop will be =e.2r7. By placing a small quantity of 
olive-oil or oil of turpentine (liquid 2) on the surface of the glass 
tube, which will then spread itself out on the surface of the falling 
drop, @ will no longer remain =a,, but become =a,9+a, < a, 
and the magnitude of the drop of water will considerably 
diminish. As the oil is soon carried off by the falling drops 
of water, the thickness of the coating of oil diminishes with the 
time, becomes <2/ (than twice the radius of the sphere of action), 

* Pogg.. Ann. vol. exxxvil. p. 465 (1869). 
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and the magnitude of the drops again increases. Owing to the 
difficulty of estimating the thickness of the coating of oil cor- 
rectly, | have made no measurements with regard to it. 

The longer the drops are in falling, the more time have they 
to condense substances on the surface which were contained in 
the atmosphere in the form of vapour, and just so much less must 
a or the capillary constant be found to be, as experiment also 
teaches. In the earlier* methods which I used with falling 
drops for determining the capillary constant of fused substances, 
this source of error had, on account of the high temperature of 
the fused substances, only a slight influence. The same holds 
good for measurements of flat drops of fused substancesf. 

If a horizontal capillary tube of radius 7 be fastened perpen- 
dicularly to the axis of an ordinary reflecting goniometer, and 
a small quantity of a liquid 1 (say, water) be placed in it, then 
the thread-like column of liquid between the two capillary me- 
nisci will be in equilibrium in all places of the cylindrical tube. 
If now a small quantity of a liquid 2 be placed upon one me- 
niscus of the column of liquid 1, then by these means the capil- 

lary pressure — on the top of the same will be diminished to 

ae and the column of liquid pushed towards the other 

end of the capillary tube. By a certain inclination v, measured 
on the goniometer, of the capillary tube, which depends on the 
length L and the specitic weight o, of the column of liquid 1, 
the column of liquid will again stand in equilibrium. Such a 
column of liquid with heterogeneous surfaces in a cylindrical 
glass tube behaves similarly to a column of liquid with homo- 
geneous surfaces in a conical glass tube. The same difficulties 
as in the experiments described in Sections 3 and 4 stand in 
the way of obtaining a value for «,,+a, by measurements of the 
magnitudes v, i, and 7, in that the changes of the angle cannot 
be estimated with sufficient facility. For lecture-room experi- 
ments, on the contrary, this method is well adapted to show 
the dependence of the capillary pressure or the tension of sur- 
face on the nature of the free surface of the liquid. 

If a liquid 1 (say, water) be allowed torise in a capillary tube 
in the usual manner, and then small quantities of a liquid 2 (say, 
olive oil or oil of turpentine) spread on the free plane surface of 
the liquid outside the capillary tube, then the elevation of the 
liquid in the capillary tube remains unchanged. 

As the constant a, or H, (compare § 1) is very essentially 
modified by the introduction of this liquid 2, I should also have 

* Poge. Ann. vol. exxxv. p. 642 (1868). 
Tt Pogg. Ann. vol. exxxvul. p. 150 (1869). oO 
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expected a change of the constant K,, and consequently a de- 
crease of the elevation. As was pointed out at the commence- 
ment of this memoir, /. c., no strict inference can be drawn re- 
garding the magnitude of the perpendicular pressure K in the 
free plane surface of a liquid, as 

K, —K, may be = K,,.= —K,). 

This relation, however, according to the numbers of Table X. 
§ 10, which never give «,,.=a,—4,, 1s very improbable; and 
on this account I am disposed to agree with the opinion of 
Thomas Young, according to which K,, the perpendicular pres- 
sure in a plane surface of a liquid, is to be put =0. 

Berlin, September 1869. 

The foregoing memoir was already written, when, by the kind- 
ness of the author, I received the very interesting treatise of M. 
G. van der Mensbrugghe “ On the Surface-tension of Liquids” *. 
It treats of motions on the free surface of liquids exhibited by 
other liquids, particles of camphor, or small solid bodies; and, 
from the same points of view as myself, he seeks the cause of 
these phenomena in the different magnitudes of the capillary 
tension of the surface of the liquid, which can be materially 
modified through the solution of small quantities of foreign 
substances. The greater or less tension of the free surface of 
the liquid is proved by a method discovered by the author, from 
the change in shape of the closed curves which are formed of 
thin threads swimming on the surface of the liquids. The 
treatise also contains a complete literature of the earlier works 
on the same subject. 

As we proceeded in quite different ways independently of one 
another in the investigation of the same phenomena, I believed 
it was unnecessary to alter any thing in my written statement, so 
much the more so as, in my opinion, a complete understanding 
of the process of outspreading cannot be obtained without a 
knowledge of the magnitude of the capillary constant of the 
common surface of two liquids. Moreover all the experiments 
described by M. van der Mensbrugghe are in harmony with the 
foregoing theoretical considerations. 

The principal results of the foregoing investigation may be 
recapitulated as follows :— 

1. At the common boundary of two liquids 1 and 2 a similar 
tension of surface takes place to that on the free surface of a liquid 
bounded by ar. | 

* G. van der Mensbrugghe “ Sur la tension superficielle des liquides,’’ 
Mém. Cour. et d. Sav. étrang. d. Brux. vol. xxxiv. pp. 1 to 67, 4to. See 
also p. 409 of Phil. Mag. for December, 1869, 
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2. The tension of the surface or capillary constant a, of the 
common bounding surface of two liquids, multiplied by the sum of 
the inverse principal radu of curvature of a point of the bounding 
plane, gives the capillary pressure in the direction of the perpendi- 
culars to the surface. 

3. The magnitude of this capillary constant a, does not admit 
of being directly determined from the capillary constants «, and «, 
of the free surface of the two liquids, but must be found by special 
experiments. It may have all possible values between 0 and 
A,—ay 

4, if ajo=0, then the liquids 1 and 2 are miscible in all pro- 
portions, and no drop or bubble of one liquid is formed in the in- 
terior of the cther. Moreover a, appears smaller the more 
miscible the liquids are, and is always less than «,—. 

5. If three capillary surfaces meet together in a point, then the 
exterior angles of a triangle whese sides are proportional to the 
capillary constants of the three capillary surfaces are the marginal 
angles of the surfaces of the liquids. 

6. A liquid 3 spreads out on the common bounding surface of 
two liquids 1 and 2 when «,)<a3;—Gos 

7. A liquid 2 spreads out on the free surface of a liquid 1 
when <a, —«, 

&. if liquids which are miscible in all proportions, for which 
therefore «,,=0, be arranged so that each following one spreads out 
on the free surface of the foregoing, the same series will be ob- 
tained as if the liquids had been arranged according to the magna- 
tude of the capillary constant of their free surface. 

9. If a lens-shaped drop of a liquid 2 remains on the free sur- 
face of a liquid 1 without spreading itself out, then it is certain 
that in most, and probable that in all cases the free surface of 
liquid 1 ts rendered impure by a thin layer of a foreign liquid 3. 
The effect of this foreign layer increases with its thickness up to @ 
certain limit, which is equal to twice the radius of the sphere of 
action. 

10. If a liquid 2 spreads out in a thin layer upon a flat drop of « 
liquid 1 tn air or upon a flat air-bubble in the interior of the same 
liquid 1, then the vertical distance K—k of the horizontal and ver- 
tical parts of the capillary surface diminishes. The new shape of 
the flat drops and bubbles may be calculated when a, and a, are 
known. 

ll. If a liquid 3 spreads out on the surface of a flat drop of a 
liquid 2 in a liquid 1, it can only be said that the height K—k of 
the drop of the liquid 2 diminishes. The change of form in this 
case cannot always be calculated beforehand. 

12. The capillary constants of free liquid surfaces, determined 
on flat drops or bubbles, are greater than if calculated from the 
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elevations in newly drawn-out capillary tubes. The angle of 
liquids against pure glass surfaces is only in rare cases =0. 

13. Iftwo liquids are placed one above the other in a capillary 
tube, then the weight of liquid raised above the common level de- 
pends on the form of the free surface of the upper liquid o and 
the common surface of the upper and lower liquids 0 and u. 

14. The weight of liquid raised above the common level is never 
determined by the lower liquid u alone, as Poisson says ; i many 
cases, on the contrary, when the liquids 0 and u are miscible in 
all proporitons, by means of the upper liquid alone. 

15. The mean elevation of the liquids 0 and u admits of being 
estimated from the values a, and ay measured on flat drops or 
bubbles when the angle made by the free and that made by the 
common surface of both liquids with the side of the tube are known. 
Only ina few cases is this angle 0° or 180°. 

16. The observations of elevations in capillary tubes and on flat 
drops of a liquid or drops falling out of vertical tubes in air may 
easily give too small a value of the capillary constant, since foreign 
substances diffused through the atmosphere in the form of vapour are 
condensed on the curved capillary surface, and the thin layer of 
liquid arising therefrom diminishes the tension of the free surface. 
This source of error 1s greater at ordinary than at high tempera- 
tures, 1s more considerable in liquids with great capillary con- 
stants than in those with small, and accounts for the too small 
values of capillary constants found by earlier observers in some 
‘liquids, as mercury and water. 

17. This condensation of moisture on the surface of liquids ex- 
plains the different forms of lens-shaped drops of water on mer- 
cury and the so-called Moserian figures. 

LX. On a Method of Fixing, Photographing, and exhibiting the 
Magnetic Spectra. By AuFrep M. Mayrr, Ph.D* 

(ies figures produced in iron-filings, when these are set in 
momentary vibration on a surface placed over a magnet, 

have received considerable attention from natural philosophersf. 
The geometrical discussion of these spectra made by Lambert, 
Roget, and others have developed their symmetrical properties, 
and thereby have evolved the law of that action which emanates 
from the magnet. De Haldat has used them as a means of ex- 
ploring the distribution and intensity of the effect of juxtaposed 
magnets variously arranged. But above all have the researches 
of Faraday and W. Thomson on “the magnetic field,” and on 

* From the American Journal of Science and Arts, vol. 1. April 1871. 
+ See a neat “ Démonstration par le calcul des courbes magnétiques de 

la loi de l’inverse du carré de la distance,’ by M. Cellerier, published as a 
note on p. 592, vol. i. of De la Rive’s Traité d’ Hiectricité. 
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“the lines of magnetic force,” given to these spectra, even when 
merely regarded as conventional symbols, an importance which 
has been fully shown (especially) by Faraday, who was guided 
by their consideration to some of his most important discoveries. 
They have thus risen to so high a theoretical importance that a 
method which will fix them without danger of distortion, photo- 
graphically reproduce them and readily serve to-exhibit them to 
the largest audiences, will, I imagine, be acceptable to both in- 
vestigators and lecturers. 

The only process of fixing these spectra known to me is that 
practiced by De Haldat and Faraday, which, however, is but an 
application to the magnetic spectra of the method previously in- 
vented by Savart for preserving the Chladni figures of vibrating 
plates. In this process the spectra, produced in the usual man- 
ner either on glass or cardboard, have pressed upon them a sheet 
of paper coated with mucilage, to which the filings adhere. In 
this operation of the transfer many particles are deranged from 
their positions,°and the figures are yet more distorted by the 
shrinkage of the wet paper, and are therefore not fit to serve in 
measures of precision; while the impressions cannot be exhibited 
with much more facility than the originals. 
My process is as follows :—A clean plate of thin glass is coated 

with a firm film of shellac, by flowing over it a solution of this 
substance in alcohol*, in ‘the same manner as a photographic 
plate is coated with collodion. After the plate has remained a 
day or two ina dry atmosphere, it is placed over the magnet, or 
magnets, with its ends resting on slips of wood, so that the under 
surface of the plate just touches the magnet. Fine iron-filings, 
produced by “ draw-filing””? Norway iron which has been repeat- 
edly annealed, are now sifted uniformly over the film of lac by 
means of a fine sieve. The spectrum is then produced on vibra- 
ting the plate by letting fall vertically upon it at different points 
a light piece of copper wire. ‘The plate is now cautiously lifted 
vertically off the magnet and placed on the end of a cylinder of 
pasteboard, which serves as a support in bringing it quite close 
to the under surface of a cast-iron plate (1 foot diameter, 4 inch 
thick) which has been heated over a large Bunsen-flame. Thus 
the shellac is uniformly heated, and the iron-filings, absorbing 
the radiation, sink into the softened film and are “‘ fixed.” 

I generally allow the heat to act until the metallic lustre of 
the filings has disappeared by sinking into the shellac, and the 
film appears quite transparent. This degree of action is neces- 
sary when photographic prints are to be made from the plate; 
but when they are to be used as lantern-slides I do not carry the 

* The shellac dissolved in strong alcchol is allowed to stand a week or 
more, and the clear supernatant solution is then decanted. 

| 

. 
} 
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heating so far. After the plate has cooled, it is allowed to fall 
upon its ends on a table, so that any filings which have not ad- 
hered may be removed. 

A short experience will give the proper strength of shellac 
solution to obtain a film so thick as just to be sufficient to hold 
the filings, and the requisite amount of heat to firmly cement 
them, without injuring the transparency of the film. 

The plates can now serve (1) for the most accurate measures 
upon the magnetic field, (2) for a photographie positive, which 
in the printing-frame will produce the lines in white upon a 
dark ground, giving most beautiful and distinct impressions* ; 
or (3) if it is required to exhibit these figures to an audience, the 
plates are provided with glass covers, kept from touching the 
spectra by intervening slips of car dboard, and there result 
“slides ’’ in every way fit for giving a fine exhibition when the 
images are projected upon a screen. I have thus obtained 
images clear and sharp of over 12 feet diameter. 

By this process many plates have been produced}, showing 
the action of single magnets of various forms, and of juxtaposed 
bars, as well as the effects of electric currents led by wires through 
holes drilled in the plates. Those exhibiting the inductive action 
of magnets on bars of soft iron and the interaction of magnets — 
and electric currents are peculiarly interesting. An approximate 
representation of the resultant lines of the terrestrial magnetic 
action has been obtained by magnetizing equably tempered steel 
disks of from 2 to 3 inches, and even more, in diameter. ‘The 
magnetic axis or axes of these disks are predetermined by making 
them the continuations of the axes of very powerful electro-mag- 
nets, terminated with cones of soft iron with slightly rounded 
apices. The arcs of the great circles including the terrestrial 
magnetic poles having been calculated, the axes of the electro- 
magnets are inclined to that angle, while the steel disk is held 
close to their poles. On passing the current the disk is magne- 
tized, and we have an approximate representation of a section of 
the earth’s magnetic effect. These results, when viewed as pho- 
tographic prints or as exhibited by the lantern, are so beautiful 
and instructive as to appear to me to warrant this somewhat 
formal description of the process of their production. 

December 1870. 

* Photographic prints from a series of eight of these plates I have pre- 
sented to :—Harvard College; American Academy: ‘of Sciences; Sheffield 
Scientific School; Columbia College; Stevens Institute of Technology, 
Hoboken ; Lehigh University, Pa.; American Philosophical Society ; 
Franklin Institute; Peabody Institute, Balt.; Smithsonian Institution ; 
Chicago Academy of Sciences; and to the University of Virginia,— where 
they can be examined by the readers of this paper. 

+ Several of these are 16 inches long by 10 wide. 
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Magnetic Lines of Force (from a photograph by the Author)*. 
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_ Since sending the above to press, I have subjected plates coated 
with “sensitized ”’ collodion to the action of the magnetic field. 
I had hopes of thus obtaining a physical impress on the plate 
which would appear on flowing the “developer.” Sensitized 
films on glass and on iron plates were placed over and between 
the poles of an electromagnet with cores 1-7 inch in diameter. 
Some plates were developed after removal from the magnet, 
others while under the magnetic action (with and without the 
light having acted upon them); but no trace of effect has been 
detected. 

I had also imagined that the magnet’s action should have 
placed the affinities in a more unstable condition, so that the film 
would rise in sensitiveness after exposure in the magnetic field ; 
but this also I could not detect ; nevertheless I have not given 
up the supposition that some action will be evolved when more 
appropriate films, far higher magnetic action, and more delicate 
measures of actinic effect are used. 

February 13, 1871. 

LXI. Proceedings of Learned Societies. 

GEOLOGICAL SOCIETY. 

[Continued from p. 321.] 

December 7, 1870.—Joseph Prestwich, Esq., F.R.S., President, 
in the Chair. 

(ee following communications were read :— 
1. “ On Fossils from Cradock and elsewhere in South Africa.” 

By Dr. George Grey. 
From the Karoo-beds, Dicynodont fossils and the jaw of a Rep- 

tile, Hsthertw, and some coal and coal-plants (Lepidodendron, Sigil- 
laria &c.) were the chief specimens noticed by the author. Some 
Stigmarie from the Old Coal of Lower Albany, and gravel and mis- 
cellaneous minerals from the Diamond Fields, formed part of the 
collection. ‘ 

2. “ On some points in South-African Geology.”—Part II. By 
G. W. Stow, Esq. 

This paper commenced with a detailed account of the Forest 
zones, coal, and other strata of the Karoo formation, as seen in 
sections in the Winterberg aud Stormberg. The author particularly 
pointed out the position of the Fern-beds at Dordrecht, of the Rep- 
tilian remains found on the Upper Zwartkei, and of the Coal on the 
Klaas Smits River. He next referred to the climatal changes of 
South Africa, as indicated by its geology and fossils, particularly the 
Karoo-beds, the Enon conglomerate, the Trigonia-beds, the several 
Posttertiary shell-beds, and especially the present surface conditions, 
which he regarded as due to ice-action, as evidence of which he 
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adduces roches moutonnées, moraines, basins, and striz, both north 
and south of the Stormberg, in British Kaffraria, and even in Lower 
Albany. He concluded with remarks on the probable succession of 
periods, and on the former existence of a great southern continent. 

3. “ On the Geology of Natal, in South Africa.” By C. L. Gries- 
bach, Esq., Corr. Memb. of the K. K. geologischen Reichsanstalt, 
and of the K. K. geographischen Gesellschaft, Vienna. 

- The author commenced by describing the physical geography of 
Natal, and then indicated the characters and distribution of the 
rocks which occur in that country. He stated that the granitic and 
gneissic rocks do not form the most prominent elevations, but they 
appear chiefly in the lower parts of river-valleys, and sometimes in 
small hills. Mica-schists and slates are found associated with the 
granites. The great plateaux consist of an undisturbed sandstone, 
which the author identifies with the Table-mountain Sandstone, and 
which lies horizontally upon the granites and old slates. The tops 
of many of the table-mountains in Natal are crowned by beds of 
dark basaltic greenstone. The Karoo formation, which lies in part 
upon the Table-mountain Sandstone, consists of a vast series of 
sandstones and shales, some of the latter containing beds of coal. 
The author agreed with Mr. Tate in regarding these beds as of 
Triassic age. At the base of the Karoo formation the author de- 
scribed a boulder-bed, which he was inclined to identify with the 
rock described by Mr. Bain as *‘ Claystone porphyry ;” and through 
this greenstone has forced its way. On and near the coast of- the 
southern part of Natal, some sandy marls and sandstones belonging 
to the Cretaceous series were said to occur; the author gave lists of 
fossils obtained from these deposits, which he identified with the 
Trichinopoly series of India. Several of the fossils were described as 
new species. The author considered that the evidence adduced 
indicated that, after the development of the Table-mountain Sand- 
stone, Africa and India formed parts of one continuous continent, 
afterwards covered by the Cretaceous sea. The area now covered 
by the Indian Ocean was the basin of a large series of lakes; and 
this condition persisted through a long period of tranquillity, lasting 
through the Triassic to the Upper Jurassic age. The greater part 
of this continent was then depressed and covered by the shallow 
Cretaceous sea. The economic mineral products of Natal were men- 
tioned by the author, who referred to the occurrence of graphite, 
coal, gold, and copper. 

4. «On the Diamond-districts of the Cape of Good Hope.” By 
G. Gilfillan, Esq. 

Mr. Gilfillan described his going through Colesberg to Hopetown, 
and thence across the Orange River to Backhouse ; and then, after 
crossing the Vaal, up its right bank as far as Lekatlong. He 
noticed such diamonds as he saw or heard of, and described the 
locality as being thickly coated with sand, diamond-bearing gravel, 
and tufa, hard blue shales occurring here and there in protruding 
hills. 
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LXII. Intelligence and Miscellaneous Articles. 

ON BAROMETRIC COMPENSATION OF THE PENDULUM. 

To the Editors of the Philosophical Magazine and Journal. 
GENTLEMEN, 

3 EFERRING to Professor Heller’s article ‘‘On a Barometer 
without Mercury ”’ in the last Number of the Philosophical 

Magazine, page 401 &c., I may mention (as another possible adap- 
tation of the same fundamental principle to a different purpose and 
in a different form) a plan which occurred to me some time since for 
correcting the barometric inequality of the ordinary clock-pendulum, 
by affixing to the pendulum-rod, produced upwards, a body of the 
same volume as the pendulum-bob, but of very small weight. ‘This 
implies that the upper part of the pendulum-rod has the same length 
as the lower part; if it be shorter, the volume of the light body must 
be larger. 

It appeared to me, however, probable that, in practical use, incon- 
venience might be produced by this construction, and I never actu- 
ally made a trial of it. 

Royal Observatory, Greenwich, G. B. Arry. 
May 3, 1871. 

ON THE USE OF THE SPECTRAL APPARATUS IN THE QUANTITA- 

TIVE DETERMINATION OF COLOURING-MATTERS. BY K. 

VIERORDT. 

In the spectral apparatus hitherto in use the slit is bounded by 
two plates, a fixed and a moveable one. For the present purpose 
the moveable plate is divided into two parts, an upper and a lower 
one. Each of these plates is provided with a fine micrometer-screw, 
by means of the milled head of which the breadth of the slit may be 
accurately determined. If both the halves, the upper and the lower, 
are of exactly the same width, the upper and the lower half of the 
spectral field of view is of exactly the same intensity in every part. 
But if a transparent coloured medium is brought in front of the 
upper slit (a coloured glass for instance, a thin lamina of a coloured 
body, a coloured organic structure, or, finally, in a small glass trough 
with parallel sides a solution of any coloured substance or the co- 
lourless solution of a strongly fluorescent body), the spectrum is 
divided into two halves, one above the other, of different luminous 
intensities—into the pure spectrum of the source of light produced 
by the part which remains free, and into the spectrum modified by 
the interposed coloured body. 

I may mention another accessory arrangement which I have intro- 
duced into the spectrum-apparatus, which I can also recommend for 
other spectrum-analysis purposes than the present, namely an ar- 
rangement in the eyepiece of the observing-telescope which renders 
it possible to stop all parts of the spectrum excepting that investi- 
gated. By this arrangement very feeble coloured lines of the spec- 
trum of chemical elements may. be observed with great accuracy. 
For details I must refer to my work, which has just been published 
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(Laupp, Tubingen), ‘On the Application of Spectrum Analysis to 
the Measurement and Comparison of the Intensity of Coloured 
Light,’ in which the spectra of solar light and of various terrestrial 
sources of light are photometrically examined, and moreover mea- 
surements of the luminous intensity of the bright lines of the spectra 
of some chemical elements are communicated. 

The first problem in the quantitative determination of coloured 
bodies by spectrum-analysis (a problem which has not hitherto been 
put in chemical laboratories) consists in measuring the absorption of 
light in any given region of the spectrum by a transparent body 
brought before one half of the slit, the rest of the spectrum being 
stopped off in the manner described. This is very simply effected 
by narrowing the fore part of the slit by means of the correspond- 
ing micrometer-screw until the luminous intensity is the same in 
the upper as in the lower half of the spectrum investigated. If 
the luminous intensity in the part investigated is very great, the free 
half of the slit is first covered with a smoked glass of known darken- 
ing-power, and then perfect equality of luminous intensity is pro- 
duced by altering the width of the slit. 

Equality in luminous intensity in the two halves of the spectrum is 
very quickly produced ; and thereupon the intensity of the light which 
remains after traversing the coloured body brought before the slit is 
directly found in apercentage. In some investigations the measure- 
ment of the photometric values of the region investigated is also 
desirable; this is effected by the method described in the above- 
mentioned paper. 

As the eye can discriminate very small differences in the intensity 
of monochromatic light, the method possesses all the guarantees of 
an accurate objective measurement. It thus furnishes a simple means 
of measuring the absorption ef light in all regions of the spectrum ; 
it is also suited to determine the contents of any given solution of 
a colouring-matter. 

To the definition of the coefficient of the absorption of light, as 
well as of the coefficient of extinction (E) of a solution, moreover 
of the coefficient of absorption (A) of the dissolved active ab- 
sorbing body, the following is to be added: the first and third of 
these coefficients correspond to the definitions which have long been 
used, while the coefficient of extinction is taken in the well-known 
sense introduced by Bunsen (in his photochemical investigations). 

A definite relation between the coefficient of extinction E and the 
concentrations of variously concentrated solutions of one and the same 

coloured substance may be anticipated ; 2 is, In fact, nothing more 

than the coefficient of absorption A of the dissolved substance, cor- 
responding to-the older definitions. 

If, then, for any given single place of the spectrum the coefficient 

of absorption of the coloured substance (that is, the value =) and 

hence the coefficient of extinction of a single solution of previously 
known concentration has been determined, any unknown concentra- 
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tion C of the same solution may be found by the formula C=AE,— 
that is, by simply multiplying the coefficient of absorption of the 
substance (which has once for all been determined) by the coefficient 
of extinction of the solution (to be measured on the spectrum-appa- 
ratus). The coefficient of extinction is the negative logarithm of the 
luminous intensity which remains after traversing a layer of the ab- 
sorbing medium a centimetre in thickness.— Berichte der Deutschen 
Chemischen Gesellschaft, No. 6, 1871. 

ON THE ZODIACAL LIGHT. BY A. C. RAYNARD, ESQ. 

The conviction that the accumulation and comparison of evidence 
on a subject so interesting and yet so little understood as the zodiacal 
light cannot but be useful, induces me to submit the following ob- 
servation to the notice of the Astronomical Society :— 

On the evening of the 19th of December last the detachment of 
the Eclipse Expedition encamped at Agosta had an opportunity of 
examining a particularly brilliant display of the zodiacal light, 
stretching to some 80° from the sun’s place: its contour was of a 
somewhat conical form, blunted at the apex, the semi- vertical angle 
of the cone being about 12°. Its light was apparently white, and 
was undistinguishable in point of colour from the light of the Milky 
Way, which also shone out with considerable distinctness upon the 
night in question. I was anxious to see ifany polarization could be 
detected, and for this purpose made use of a Savart, and at first 
thought that faint lines were visible, indicating polarization in a 
plane through the sun; but not being at all sure of my observation, 
I asked Mr. Burton, who was formerly assistant to Lord Rosse, and 

has very keen eyesight, to look through the instrument: he at once 
said that he distinctly saw bands brightest when the Savart was 
turned so that the direction of the bands passed through the sun, 
and that the centre band was black; he also saw the bands perpen- 
dicular to the sun’s direction, but could not determine the nature of © 
the centre one. I should mention that the Savart was so set as to 
give a black centre when the bands were parallel to the plane of po- 
larization. 

I then asked Mr. Burton to see if he could detect any bands upon 
the sky away from the zodiacal light, but he was unabie to do so 
even at 90° away from the sun’s position.. 

I again took the instrument, but was unable to see any bands 

myself. On the next night the zodiacal light was again visible, but 
with considerably less brilliance than before. Father Secchi ob- 
served it with a Savart, and thought that he detected faint bands, 

but said that he could not be sure of his observation. 
If other observations should confirm those of Mr. Burton, we shall 

be in possession of proof, not only that the zodiacal light consists of 
matter which reflects the sun’s light, but that 

(1) That matter exists in particles so small that their diameters 
are comparable with the wave-lengths of light ; or 

(2) It consists of matter capable of giving specular reflection.— 
Monthly Notices of the Royal Astronomical Society, March 10, 1871. 
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“eee glacier-clad mountains of my native country, especially 
when glistening in the rays of evening, exerted on me, 

from my childhood, a powerful attraction; and this was after- 
wards enhanced by their scientific interest. The present memoir 
contains individual observations and reflections upon certain phe- 
nomena of glaciers—the result of the magnificent days I have 
spent in the glacier-region under all conditions of the atmosphere, 
of the study of the literature of the subject, and of some experi- 
mental researches. 

1. The Glacier-Grain. 

The observations of the capillary fissures which run through 
the ice of glaciers, and form the boundaries of the glacier-grain, 
and the reflections suggested by them, especially as regards their 
origin, occasioned a strong controversy among those who 80 or 
40 years ago devoted themselves to glacier-investigation ; and 
no one conquered. In the more recent works the question is 
mostly passed over. Even Professor Tyndall (‘ Glaciers of the 
Alps,’ pp. 338, 339) devotes only a few lines to the capillary 
fissures, and does not mention the glacier-grain. So much the 
more were we surprised at a memoir by M. Grad, which appeared 
in 1867, in the Comptes Rendus, in which he advances precisely 
the view which Hugi forty years previously had so energetically 
maintained. It is not clear from the memoir whether the author 
was acquainted with Hugi’s writings, or whether by his own 
observations he has independently arrived at the same result. 
This view may be briefly expressed thus :—Dhirect observation 
teaches that the grains (or crystals) of the glacier are the further 

* Translated from a separate copy, communicated by the Author, from 
Poggendorff’s Annalen, Ergdnzungsband vy. pp. 30-63 (1870). 

Phil. Mag. 8. 4. No, 276. Suppl. Vol. 41. 2K 
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developed granules of the névé. This development, consisting 
in enlargement and (according to M. Grad) superadded “ erys- 
talline orientation” of the granules of the névé, it is to which 
all the phenomena of the movement of the glacier are to be re- 
ferred. ‘Thus Hugi and M. Grad. The latter remarks, “ Pro- 
fessor Tyndall derives all the phenomena of the motion from 
pressure; but this is erroneous ;” of this erroneousness, how- 
ever, he gives no proof, and as little on behalf of his own view. 
Resting on the observation that the glacier-grain is larger 
towards the lower part of the glacier than further up, and that 
in the direction of the lower part of the glacier the structure of 
its ice more and more approaches the crystalline condition of 
water-ice, while the axes of the crystalline grains arrange them- 
selves all parallel and perpendicular, he simply says it is so. 

Still more diverse are the results of the researches intended to 
answer the question whether the network of capillary fissures 
runs through the whole body of the glacier. Agassiz found the 
capillary fissures even in the most compact glacier-ice. Schla- 
gintweit infiltrated them with solutions of chromate of potassium 
to the depth of 60 and 80 metres beneath the surface of the 
glacier. MM. Bertin, Grad, and Dupré obtained results agree- 
ing with the above. On the contrary, Hugi absolutely denies 
the penetrability of the inner ice of the glacier; and according 
to Mr. Huxley’s experiments, in sound unweathered glacier-ice 
no capillary fissures exist. All have experimented very con- 
scientiously ; but the results are diametrically opposite. Whence 
comes this ? 

If the capillary fissures exist throughout the glacier-ice, but, 
as must be the case in “ sound blue” ice, are filled with water, 
infiltration experiments cannot lead to any result; for there is 
nothing to cause the water to give place to the coloured liquid, 
unless we have to do with a layer of ice beneath which the liqmid 
can freely run away, and on which there is the pressure from 
above of a considerable column of the coloured liquid. It is still 
more difficult to conceive that the infiltration through capillary 
fissures, which the other observers assert that they have seen, 
was a mere delusion; for it is agreed that they also operated on 
“sound” glacier-ice. In the parts of the glacier where great 
pressure prevails, and so everywhere in the “ structure-mill”’ of 
Professor Tyndall, the water in the capillary fissures, supposing 
these to go through the whole glacier, is partly pressed out. In 
these parts it will be impossible for the infiltration-liquids to 
penetrate ; this will more easily be possible where the ice is sub- 
jected to less pressure—for example, above declivities where 
transverse fissures make their appearance, and in bends of the 
valley, on the convex side of the body of the glacier. The dif- 
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ferent results of infiltration experiments probably stand in direct 
relation to the parts of the glacier where they were carried out. 

That even the most solid, transparent, blue ice from the inte- 
rior of the glacier, in the warmer air, and especially through the 
operation of the solar rays, becomes white through a network of 
fine fissures becoming visible, which everywhere divide the ice 
into irregularly formed grains of a certain constant magnitude 
in any one locality, is an observation which no one has yet dis- 
puted and which any one can repeat. But why does not this 
happen to common ice? How could heat call forth such a gra- 
nular structure, if it were not already sketched out, even in the 
*“sound,” compact ice? How it is present in the “sound” ice 
—whether in the form of actual capillary fissurelets filled with 
water, or whether, from some unknown cause, the ice more rea- 
dily liquefies on surfaces irregularly permeating the mass, or how 
otherwise it may be imagined—whether capable of infiltration 
or not is to us indifferent,—it is sufficient that a similar granular 
structure to that which we observe on the surface goes through 
the whole mass, or at least is traced out therein. 

Attempts have been made to explain how this granular struc- 
ture arises. The unproved view of MM. Hugi and Grad, above 
quoted, that the glacier-grains are the further developed gra- 
nules of the névé, is not what they think, a something taught by 
direct observation, but an hypothesis. (I shall return to this ques- 
tion.) We will for a few moments adopt it, and found uponit a 
little calculation, which will the soonest put it in the right light. 

In glaciers of about 8000 metres length (for example, the 
Hifi Glacier, Rhone Glacier, &c.) the glacier-grain grows from 
the size of a wheat-grain to at least the size of a walnut (in larger 
glaciers, according to Hugi, it may become “even 5 or 6 cubic 
metres in volume”), thus from about 3 millims. in diameter to 
30; the corresponding volumes are from 3? to 30%, or (which 
gives the same proportion) from 1 to 1000. And this enlarge- 
ment of form takes place throughout the mass of the glacier, 
and not merely in the layers nearest to the surface. In the time 
necessary for a point at the upper end of the glacier to arrive at 
the lower, the glacier, but for the superficial melting away (abla- 
tion), would become 1000 times its original volume ; the ablation, 
then, must not only, in just this time, carry away in water the 
mass of ice present, but also compensate for the thousandfold 
increase. Although we shall apply our calculation to the Aletsch 
Glacier, the length of which amounts to more than twice 8000 
metres, we will yet, in favour of the hypothesis, content our- 
selves with a simple increase of volume to 1000 times instead of 
2000. The numbers we shall use will be only approximate, 
always rounded off in favour of the hypothesis. 

K 2 
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The mean annual rate of motion of the Aletsch Glacier is 
about 40 metres. Measured from the foot of the Dreieckhorn 
and Faulberg (where the glacier, properly speaking, begins) 
onwards, it is 17000 metres long. We will now, as regards 
alteration in volume, consider the glacier below the transverse 
section situated at the above-designated place, until it is all 
melted, and thus our transverse section, slowly travelling with 

the ice, has arrived at the lower end. For this about nae = 425 

years are necessary. The volume of our glacier-tongue may be 
estimated as about 6150 million cubic metres; of course the 
number is not certain to 100 millions more or less. This mass 
of ice, together with its increase through the growth of its gra- 
nules, actually turns to water in 425 years by ablation. The 
melting of the glacier beneath through the warmth of the ground 
is doubtful—at any rate, vanishingly small. The vertical sink- 
ing of the surface through melting away amounts to an average 
of about 3 metres yearly: it was measured by the constantly in- 
creasing protrusion of stakes which had been driven into the 
surface, or by the relative elevation of parts artificially sheltered 
from ablation. The surface of ablation in the first of the 425 
years, measured on the Federal atlas, is 25,000,000 square 
metres. In the second, the transverse section forming the upper 
boundary of our glacier-mass has moved 40 metres down the 
valley ; here the glacier is 1600 metres wide; thus the surface of 
ablation is, for the second year, 40 x 1600= 64000 square metres 
less than that of the first. Just so in the following years it be- 
comes continually less the further our transverse section travels. 
At the end of the 425 years it reachesO. The surface on which, 
during the 425 years, the vertical ablation of about 3 metres 
yearly has operated, and effectually melted the mass of the gla- 
cier, is the sum of all these 425 unequal surfaces belonging to 
the individual years.. If the surface of the glacier were exactly 
rectangular, as broad below as above, this sum would be 425 
times half the surface of the first year, consequently 

= 425 x 25000000 x $=5312500000 

square metres. Were it exactly a triangle (of which the base, 
the greatest breadth, =1800 metres, and the height the length 
=17000), the sum in question would be 

__ 1800 x 17000 
2 x 425? 

or =2175000 square metres. In reality it lies between; we 
will take the mean—namely, 3740 million square metres. To 
mark on the map the situation of the upper limit for each year, 

(17+ 2?487+ ... +425?) 
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to measure the surface below this, and to sum up the 425 sur- 
faces would be a needless labour, because all our other numbers 
are not correspondingly accurate. 
We have now the equation :—Surface multiplied by ablation 

equal to original volume times x. If the hypothesis of Hugi 
and Grad is correct, we must obtain for 2 above 1000 ; if no real 
increase of mass takes place in the ice, a value near 1. Inserting 
our values, 

3740000000 x 8=6150000000 x 2, .°. z=1°8. 

That is, in order to compensate for the thousandfold increase of 
volume which would ensue from the growth of the granules, 
the ablation _would have to be nearly 1000 times as great as it 
is; otherwise, instead of the volume of the glacier having quite 
vanished at the end of the 425 years, it would be nearly 1000 
times as great as at the beginning. 

From this calculation it appears to me certain that, if it were 
true that the glacier-grains are the developed névé-granules—if 
it were true that the large glacier-grain of the lower regions ori- 
ginates from the smaller granule of the upper through growth 
produced by the freezing upon it of infiltrated water, then the 
glacier would become larger, it would never come to an end, and 
at the present time the whole earth must be lying under a deep 
covering of ice. 

In the above we have rounded off all the numbers in favour of 
the hypothesis of Hugi and Grad, and hence have found for 
2a greater value than 1; but we could take them still more 
favourably for that theory, and yet the result would be strikingly 
adverse to the hypothesis. 

But the old dilatation theory must accept an increase of mass 
through the water freezing in the capillary fissures. M. Grad 
insists upon the dilatation theory, without adducing a single ex- 
periment to confute the numerous objections which, years before, 
were advanced against it. The measurements made by himself 
and M. Dupré in 1869, on the Aletsch Glacier, contain evidence 
against the dilatation theory; for he there finds that the lower 
part of the glacier moves considerably more slowly than the 
upper. As Forbes acknowledged, according to the dilatation 
theory, that should be exactly reversed, since we have to regard 
the upper end of the glacier as a fixed point of support for the 
glacier-tongue, and the dilatation must sum up to a continually 
greater motion for a point the further it is removed from the 
beginning of the glacier. 

Some other facts can be adduced which are opposed to the 
derivation of the grain of the glacier from that of the névé. The 
distention occasioned in the mass by the growth of the granules 
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could not but show itself in the form of the glacier; but only a 
shrinking through melting is to be recognized therein, never a 
swelling. 
We very often find isolated air-bubbles enclosed in the large, 

splendidly transparent glacier-grains, and sometimes, indeed, 
quite in their centres, sometimes excentric. In the fine névé 
the air is found only between the granules; and if these were 
gradually to grow larger by water freezing on them, the air 
would remain between the grains. I cannot conceive how it 
could be enclosed in them. On the contrary, in thawing snow 
it is immediately evident that it becomes large-grained through 
single minute crystals, afterwards single granules, uniting to 
form one, and consequently that a larger grain of the névé is 
not a small one increased in size, but corresponds to several 
small ones. 

That the grain of the upper part of the glacier is smaller than 
that of the lower it is easy to see; but, often as [ have sought 
for it, I have never been able to trace the transition from the 
névé-grain to the glacier-grain. Where the névé ends and the 
clear ice, though rich in bubbles, appears at the surface, this 
shows no distinct granular structure; the glacier-grain begins to 
make its appearance (at first rather small) further down the val- 
ley. Also the increase of size of the grains as the end is ap- 
proached seems to me to take place not at all so regularly as has 
been asserted. For a long time I thought my own observation 
was at fault, until the above calculation reassured me. 

How could the fine divisions between the individual névé- 
granules be preserved for two or even three or more centuries, 
often under strong pressure, without being destroyed by regela- 
tion ?—while by this process the mightiest crevasses may disap- 
pear and scarcely leave a trace, and two pieces of ice, gently 
pressed together for a few days, so regelate that the piece, on 
being fractured, will not break again at the same place. 

The network of fissures, or the structure of the glacier-ice 
which in warm air gives rise to that network, is necessarily always 
passing away and almost simultaneously being formed afresh; for, 
as is proved by our calculation, the glacier-grains (bounded by the 
capillary fissures) of the higher and lower parts of the glacier do 
not correspond to each other. 

It was already conjectured by Forbes that these fissures might 
be divisions produced, or at least preserved, by pressure and 
motion. 
When we take a piece of ice from the surface of the glacier and 

divide it into its grains, we are struck by the fact that they do 
not all separate with equal facility. While the fissures circum- 
scribing the grains are partially visible through the air which 
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has penetrated them, and appear silvery white, and along these 
the grains can be easily separated (primary capillary fissures), 
irregular surfaces of division transverse to the grains come into 
view on the application of greater force. The latter are surfaces 
of division already traced in the substance, not new surfaces of 
fracture; they often help us to divide a grain into several pieces ; 
by way of contrast to the above-mentioned we will name them 
secondary capillary fissures. It is natural to suppose that these 
secondary fissures are old primary ones not yet quite regelated, 
and that in these two forms we have surfaces of division of the 
glacier-grains in different states of development. The primary 
eapillary fissures are mostly smooth, curved or plane; the secon- 
dary show for the most part (perhaps always) fine, acute eleva- 
tions which accurately fit into depressions in the adjacent faces, 
often all elongated in one direction; and then the faces exhibit 
parallel wrinkles. 

Between the explanation of glacier-motion by pressure, as given 
by Tyndall, and the continual renewal of the network of fissures 
there is, it seems to me, a deep and intimate connexion. Pro- 
fessor Tyndall says, in relation to his experiments, ‘ The ice, in 
changing its form from that of one mould to that of another, was 
in every instance broken and crushed by the pressure;”’ and then, 
with respect to the glacier, continues, “but suppose that, in- 
stead of three moulds, three thousand had been used,—-or, better 
still, suppose the curvature of a single mould to change by ex- 
tremely slow degrees—the ice would then so gradually change 
its form that no rude rupture would be apparent. Practically 
the ice would behave as a plastic substance.” 

I believe that just what is here called “ rude rupture” takes 
place also in the glacier, and occasions the breakiug up of the 
ice into grains. Glacier-ice is so brittle that I cannot imagine 
an alteration of its form without a continual shattering into frag- 
ments (without “rude rupture”), even if the form of the mould 
into which it is pressed be ever so slowly altered. In the gla- 
cier also the ice mass is every moment broken into fragments 
(the glacier-grains), and these are again cemented by regelation; 
both processes proceed simultaneously and uninterruptedly 
throughout the mass of the glacier—and, indeed, the more 
actively the quicker the motion, and the more irregular the form 
of the valley, to which the glacier must bend—in short, the 
greater the relative motion of neighbouring portions of the ice. 
We cannot expect to be able to find, im support of this view, 

forms of conchoidal fracture in the grain of the glacier. The 
concentric streaks which characterize that are only grouped 
around certain pronounced points of action of the force; while 
the pressure in the glacier takes place almost uniformly through- 
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out the mass: we have here an infinite number of mutually equi- 
valent points of action for the force. 

If the above explanation of the origin of glacier-ice is correct, 
it must be possible to produce also in compact water-ice, artifi- 
cially, a breaking up into fragments analogous to the glacier- 
prains; and in this I have actually succeeded. Had Professor 
Tyndall, in his experiments on the moulding of ice, not put in 
operation so strong a pressure that the ice must have instanta- 
neously burst into fine powder, had he not suddenly compelled 
it to so great a change of form, and had he experimented on 
larger masses, a granular structure would have been visible in 
the moulded ice. His glacier-grains were as fine as powder, 
and hence escaped observation. 

In a block of wood a tray-shaped depression was cut about 1 
foot broad, and 6 inches long; the radius of its curvature was 
2 feet 6 inches; and a piece of wood was cut so as to fit into 
the cavity. Between these two parts of the mould a flat plate 
of river-ice, beautifully clear, about 2 inches thick, was placed, 
exactly as long and broad as the cavity ; and the whole was firmly 
enclosed with boards to prevent the escape of theice. A stroke 
with a weight-stone of half a hundredweight, brought down 
upon it, was sufficient to crush the flat plate of ice into the shape 
of the cavity. 

A main imperfection in this experiment is that here a nearly 
equal pressure does not, as in the glacier, operate simultaneously 
on every part of the mass to be moulded, but the pressure acts 
on different parts of the plate of ice in succession, not simulta- 
neously, although within the brief time of the stroke; conse- 
quently the effect cannot be equal throughout the entire mass 
as in the glacier. The experiment would be improved if the 
shape of the cavity could be slowly altered—perhaps by the 
plate of ice, squeezed between two flexible steel plates instead of 
in a wooden mould, being slowly curved. On account of the 
imperfection indicated, the fragments exhibit conchoidal fracture 
(concentric streaks). 

Between the two parts of the mould, and bent to its concavity, 
there now lay a mass of ice divided by cracks into grains. ‘These 
varied in volume from not quite a cubic centimetre to about six 
times as much; and between them there lay frequently fine 
‘splinters of ice. In one case the ice mass thus moulded, lying 
in the hollow, was kept cold, and from time to time sprinkled 
‘with water; in a second case it was placed where in the daytime 
the sun produced a slight melting, but during the night the 
temperature sunk considerably below 0° C.; and in the third, it 
‘was placed, under a continuous pressure of half a hundredweight, 
for two days in a room, the temperature of which, except during 
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the night, remained between 0° and —2°, and only rose a little 
above 0° in the afternoon. In the first two cases the circum- 
stances were similar to those at the surface of a glacier; in the 
third, more like those which operate on the internal ice of it. 

In each case I obtained a mass of ice apparently pretty com- 
pact; only a part of the fissures were still visible, though cer- 
tainly not distinct. I could perceive no difference between its 
appearance and that of the surface-ice of a glacier in the early 
morning, before the ablation commences—at least, as far as I 
still had the latter in my memory. On applying a little force, 
the whole could be severed by the hand into its grains. Placed 
in the warm room, or in the midday sun, the network of fissures 
became somewhat more distinctly visible, and the grains could 
now be more easily separated. Their surfaces had no longer 
the form of conchoidal fracture, but were rough with irregular 
elevations and depressions, exactly as in the secondary capillary 
fissures, except that the unevennesses were finer and more nu- 
merous. 

In these experiments, immediately after the breaking, con- 
choidal surfaces only were seen; after regelation and partial 
soaking had operated, only capillary fissures of the second order. 
Because all these processes take place simultaneously in the gla- 
cier, therefore we find also their effects together in the glacier- 
rain. 

‘ From the observations adduced it follows that the secondary 
fissures originate from the primary by a secondary process, which 
can be no other than regelation and soaking, because no other 
intervened. Under the given circumstances, these processes 
produce a wrinkling of the surface in the originally conchoidal 
(in the glacier, flat) capillary fissures. Some experiments for 
the purpose of deciding whether it was more the one process or 
the other could be brought to no further conclusion. 

On the banks of the Havel and of the Miiggelsee, near Berlin, 
I found in the thawing crust of ice a division into irregular ver- 
tical prisms (often trilateral). The ice had been formed during 
a fall of snow. The prisms were partly separated by interspaces, 
and partly adhereut ; but the surfaces of nearly all of them were 
finely wrinkled, reminding one of the secondary capillary fissures. 
From the infiltrated water produced by the melting, furrowed 
surfaces also occurred, which must not be confounded with the 
plaited ones. 

The tray-shaped granular ice plate obtained in the experiments 
could, within certain limits, be bent exactly as is the case 
with the granular plates which, on hot summer days, can often 
easily be separated from the borders of the crevasses and parallel 
to them (reminding one of itacolumite). When thus carefully 
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bent, the same noise, proceeding from the sliding on each other 
of the grains, was audible as in plates of real glacier-ice. When 
forcibly bent more than the movement of the grains permitted, 
fracture gave origin to new primary fissures. It is, in all pro- 
bability, the reciprocal friction of the grains, some of which are 
strongly pressed against each other, together with the “rude 
rupture ” (or the origination of new fissures), that produces the 
noise often perceived (and first noticed by Agassiz) in glaciers 
when otherwise deep stillness reigns—for example, in the night 
or early morning, ere yet the brooks from the melted ice have 
begun to purl and babble. 

The aspect of the granular ice obtained from the experiments 
is, at the first glance, exactly that of genuine glacier-ice, the sole 
difference being that there the size of the grain is more regular 
than could be obtained in our little experiment. 

Could we suddenly take away the property of regelation from 
the glacier-ice, the glacier would behave in its movements like 
sand, earth, or a heap of gravel*. 

When, in the above experiments, a weaker pressure (stroke) 
was applied, the plate of ice separated into not very numerous 
fragments or grains. The stronger the pressure, the more ac- 
curately must the ice conform to the cavity, and the smaller the 
grains. Hach new fissure begins and proceeds where the cohe- 
sion is least. If there are air-bubbles in the ice, the capillary 
fissures have a tendency to strike through them. Ice abounding 
in air-bubbles presents a mass of less cohesion; and the same 
pressure will in such a case produce more numerous divisions, a 
smaller grain, than in ice which is more compact. 

To this the conditions in the glacier precisely correspond. In 
the upper parts the ice appears white through a multitude of 
bubbles; and there it is small-grained, and the air-bubbles are 
penetrated by many times their number of capillary fissures. 
Through these water can reach the cavities of the former, and 
freeze therein, and the air escape. Thus the number of bubbles 
diminishes, the ice becomes continually more compact as it moves 
forward, and hence the grain larger. In the upper parts of the 
glacier, where the transverse section is larger, the pressure 
which the individual parts have to sustain 1s also greater; further 
down, it is diminished with the transverse section, and hence the 
new capillary fissures become less numerous. 

Hugi made the observation (I confess I have never repeated 

«The welding of metals (iron, platinum) is probably quite the same 
process as the regelation of ice; at least I know of no essential difference. 
When two badly ‘welded pieces of iron break asunder again, the surface of 
fracture is also wrinkled. It is likely that accurate comparison of me two 
processes would throw more light on their nature. 
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it myself) that, in a glacier which has to followa sharp curve in 
the valley, the grain is smaller on the concave side than on the 
convex one. In the middle the pressure is the usual, normal 
pressure, on the concave side a maximum, and on the convex a 
minimum ; there the capillary fissures are more numerous than 
here: therefore this also is concordant. 

If these explanations are correct, it is clear why, immediately 
below the limit of the névé, a distinct glacier-grain never occurs 
in the middle of the surface; for these parts of the ice have never 
yet been compelled by strong pressure to considerable differen- 
tial motions. The greater the pressure, differential motion, and 
porosity of the ice, the more will it be divided, and the volume of 
the grain the smaller; with the diminution of the pressure the di- 
vision diminishes, and the volume of the grain increases. 

This theorem could have been arrived at by deduction ; it 
agrees with the facts known to me, and thereby commends itself 
to further examination. 

That the number of bubbles diminishes in the manner above 
indicated I will not positively assert. We know the properties 
of glacier-ice only near the surface. There is a vast interval 
between this and the knowledge of what goes on within the 
glacier. 

In the badly conducting mass of the glacier the cold of winter 
can only penetrate to the depth of about 8 metres. In the spring, 
where the first water penetrates from above into the refrigerated 
layer it is frozen and occasions an increase of volume (a swell- 
ing). But this is very limited; it only affects the uppermost 
layers, and is confined to a few brief periods. 

M. Grad ascribes to the freezing of the infiltrated water in the 
capillary fissures, not only the enlargement, but also the “ crys- 
tallographic orientation” of glacier-ice, discovered by Bertin, 
and afterwards confirmed and generalized by MM. Grad and 
Dupré. But he seems to me to form no accurate conception of 
how this is to be produced by the water freezing round the sur- 
face of the grains. It might be very difficult to do so. I am 
inclined rather to look upon the “ crystallographic orientation ”’ 
as a function of the pressure. The ice masses of the lower part 
of the glacier, in which it has been observed, are not the same 
which in the upper part did not exhibit the phenomenon; they 
are those which, during many years, have sustained the mighty 
pressure of the overlying layers of ice, now melted away. When 
we consider that, in a body the temperature of which is always 
near its melting-point, molecular derangements readily take 
place, and that there is no lack of shocks which go through the 
mass of ice (such as occurs, for example, in the crash whenever 
a crevasse opens or closes), the latter notion becomes still more 
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probable. The phenomenon observed by MM. Bertin, Grad, and 
Dupré, that in lamelle cut horizontally out of the lower part of 
the glacier coloured rings with a black cross are seen when they 
are viewed in the polarizing microscope, does not necessarily in- 
dicate actual crystalline structure; amorphous glass can yield 
the same phenomenon through strains forced upon it by external 
pressure. It appears to me that the effect in the glass also would 
necessarily be permanent, if the violent pressure had operated 
for many years. Experiments on a small scale, for the purpose 
of producing by pressure the crystallographic orientation in 
pieces of ice, gave no result. This is not surprising; for I could 
not, as many a glacier does, operate with a pressure of 5 cwt. 
per square inch, or factors of similar magnitude. Already in the 
27th volume of the Philosophical Magazine Sir John Herschel 
conjectured a parallel arrangement of the optic axes, but not on 
grounds corresponding with M. Grad’s explanation. 

I must not, however, omit to mention that, according to the 
calculations of an Englishman (Canon Moseley) in the Philoso- 
phical Magazine for May, 1869, the resistance of the ice to the 
shearing-forces of the glacier-motion would be too great for the 
ice to be broken by gravity alone and thus the glacier to move 
by its own weight. IfI rightly understand the experiments of 
Tyndall and my own on the remoulding of plates of ice, the ice 
therein and in the glacier is not compelled to shear, but to break 
by the bending. The shearing, tangential displacements take 
place along the fissures previously produced by fracture (bend- 
ing). The very peculiar mechanical conditions of the ice seem 
to me not to have been sufficiently considered in the calculation. 
One of these is its extraordinary brittleness even at 0° C.; the 
same pressure which a mass of ice will sustain in a state of rest 
for along time without breaking, breaks it immediately a shock 
is added. Another is the occurrence of crowds of minute air- 
bubbles, which must very much diminish the compactness of the 
ice. In the lower part of a glacier, where air-bubbles are almost 
absent, we have the old, only half regelated secondary capillary 
fissures, along which fresh fracture is easier: while in this region 
the primary fissures are somewhat less numerous, the secondary 
(which are longer preserved) exhibit a peculiar abundance of 
plaits. So many factors, unmeasured in their effect, and scarcely 
known in their mode of operation, are involved in the mechanics 
of glacier-motion, that the result of a calculation based on the little 
that is known cannot possibly induce me antecedently to reject the 
explanation by pressure, with which all the facts of which I have 
any knowledge, and all that I have seen, agree so perfectly. Ac- 
cording to the explanation of glacier-motion given by Mr. Moseley 
(Phil. Mag. Jan. 1863 and Aug. 1869), the total motion must 
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be, on the average, equal in amount in the upper, middle, and 
lower parts of the glacier, which is not the case. As in no part 
of the glacier, certainly not at the lower end, has any ‘even the 
least) upward motion ever been observed at certain times, the 
line which, as a base, remains relatively fixed must, when the 
temperature falls, lie at the upper end of the glacier; when the 
temperature rises, at the lowest point. That with rise of tem- 
perature the lower end would remain stationary, and drag after 
it the whole long glacier-tongue (which cannot descend by its 
own weight), without its being rent transversely into single in- 
dependent fragments, I cannot conceive. The surface of the 
glacier undergoes more and greater variations of temperature 
near its margins than in the centre—now from reflection of heat 
from the sides of the valley, then from their shade, but especi- 
ally through the winds (which in the centre arrive with their 
temperature already approximated to that of the glacier). The 
margins have in some measure a more continental, the centre a 
more oceanic climate. Hence one would think that the edges 
of the glacier would move faster than, or at least as fast as the 
centre, if variations of temperature effected the motion. 

I have not the remotest intention to summarily reject Mr. 
Moseley’s views ; but I thought it admissible to state what at 
present appears to me opposed to them, in order to justify my 
continuing to hold Professor Tyndall’s explanation. Perhaps 
Mr. Moseley will be able to remove these difficulties and, especi- 
ally by measurements of the interior temperature of glaciers, 
give his views a better foundation. 

In the Philosophical Magazine for March 1869, a “ new 
theory of glacier-motion ” is advanced by Mr. Croll, which, as 
regards the shearing-forces, is free from the difficulties of Pro- 
fessor Tyndall’s theory. I must omit a discussion of this 
theory, because I do not yet clearly understand it. According 
to it an explanation of the vertical arrangement of the optic axes 
would be very easy. 

2. Haperiments with “ killed” Gypsum. 

The theory of plasticity, as given by Forbes, led immediately 
to experiments with semiliguid masses. At that time the dif- 
ference between viscous and non-viscous semiliquids was neg- 
lected. Both yield to pressure; but while the former extend 
on being drawn, and contract transversely, so as even to form 
thin threads, the latter resist change of form by traction or are 
torn across. In the former the parts are rearranged by traction 
and by pressure; in the latter, pressure produces a rearrange- 
ment, traction either no effect or division. Ice is solid and 
very brittle; neither by pressure nor by traction are its particles 
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perceptibly displaced; either their position is quite unaltered, 
or they are completely separated—the piece breaks. This pro- 
perty is also possessed by glacier-ice. Pressure does not alter 
the arrangement of its particles, but separates them through 
fracture at the capillary fissures ; and all the ice fragments which 
are traced out thereby (the glacier-grains) behave now like the 
molecules of semiliquid masses, which are plastic to pressure. 
The glacier cannot possibly behave to traction like a “ viscous 
body,” because the grains partly are separated from each other 
and have not, like molecules, a sphere of attraction surrounding 
them, partly unite by regelation and then constitute an aggre- 
gate like a piece of water-ice, brittle. 

If with homogeneous semiliquid masses we would make ex- 
periments on motion which can be brought into direct relation 
with what is observed in glaciers, their molecules must be 
merely displaced by pressure, and not merely displaced but se- 
parated by traction. But in bodies of this class known to me 
the pulling force necessary for separation is very small, less than 
the weight of each single molecule; and this gives them the 
property of thin liquidity. We cannot use them for experi- 
ments on glacier-motion, because, if a fissure were to ensue, 
the weight of the particles at its margin would immediately 
drag them down into it, so that no fissure could remain. 

I see no simpler expedient than the following. We must 
procure a thickly liquid mass, not homogeneous, but consisting 
of solid corpuscles adherent so that, drawn asunder, they are 
easily separated, while yet the adhesion is sufficient to neutralize 
the weight of a small number of corpuscles, but not of a whole 
mass. 

Wet sand, moistened powder, &c. would be such. Through 
other labours I was first led to “killed”? gypsum. “ Burnt ” 
gypsum powder is seen under the microscope to be distinctly 
crystalline. Moistened with water, after a little while it sud- 
denly shows lively motion; the form changes almost momenta- 
rily, and other gypsum crystals appear. At the same time the 
mass stiffens. After a few seconds, a multitude of new, quite 
fine, needle-shaped crystals make their appearance, which, when 
not disturbed, unite in beautiful radiate groups; they add to 
the density of the texture formed by the other, larger crystals, 
and thereby enhance the solidity of the stiffening mass. ‘The 
moment of violent motion is probably that at which the crystals 
of “burnt ” gypsum take up water. If now, at the moment 
the circumcrystallization ensues, fresh water in proper quantity 
be poured in, and the mass be briskly stirred or moved, the 
crystals cannot interweave themselves, but will remain single 
and free ; the mass will not stiffen again, and may be kept for 
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any length of time in a thickly liquid state. Dried by heat, it 
becomes full of cracks and mealy. Such a gypsum paste the 
potters and plasterers call “ killed.” 

Killed gypsum therefore consists of rod-like and needle-shaped 
crystals only loosely adherent by the water in the interspaces ; 
it is a mass of wet powder. 

By the addition of more or less water, any degree of thick 
liquidity can be exhibited. The experiments on the motion of 
killed gypsum were conducted in the following manner. Out 
of potter’s clay a glacier-valley, or several joined together were 
prepared, with windings and more and less steep, narrower and 
wider parts, about 4 feet long; and then the gypsum paste was 
poured in at the upper part, and this put into flowing motion 
as slow as was desired by knocking at the base or by raising the 
upperend. With paste slightly liquid the motion was a simple 
flowing ; the more thickly liquid it was made, or the smoother 
the valley-sides, the more was the motion a compound of sliding 
and flowing; and it could easily be employed so thick that the 
motion exhibited only a sliding of the whole mass along the 
valley-sides. Corresponding to the conditions in glaciers, a 
mean was preserved, which effected a motion compounded of 
sliding and flowing. The fissures produced by non-uniform 
motion are often as fine as ahair. If the water with which the 
gypsum is killed be previously coloured darker (for example, 
blue), these figures will all be still more evident, being filled 
with the coloured water, while the white gypsum will be only 
tinged. The whole impression given by these gypsum streams 
is perfectly that of a glacier. My honoured teachers, Professor 
Kscher von der Linth and Professor Mousson, have viewed some 
of the experiments. The following are some of the results. 

The Middle Wall of Compound Glaciers—If nearly equal 
streams of gypsum be caused to flow through two valleys into a 
third formed by their junction, immediately at the confluence a 
depression is produced solely by the mechanical force of the 
motion, but a very little further on a decided central wall-like 
elevation which soon attains a constant height, and only after 
a longer course gradually disappears again. Hach of the two 
streams was semicircular in transverse section, about 5 centims. 
broad, and 2 centims. deep ; the united stream was 8 centims. 
broad. The resulting central longitudinal wall had at its most 
perfectly formed part a breadth of about 13 millims. and a 
height of 3 millims. The phenomenon is often very striking, 
but does not always occur in this manner ; it is very much influ- 
enced by the angle of junction of the streams, the form of their 
transverse section, &c. 

This immediately suggested the conjecture that a part of the 
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elevation of many a central moraine of compound glaciers is 
produced, not by the underlying ice being protected from melt- 
ing by the débris, but in such a purely mechanical manner. 
The central moraine would then, where the mechanical middle 
wall is rising, increase in height more quickly than further on, 
where the mechanical dam is already formed and attains no 
further elevation. 

In the Aar Glacier, for a length of 1200 metres, the whole 
central-moraine dam is not covered with débris, but only 
crowned therewith; and this extent commences about 400 
metres below the confluence—exactly where in the 12000-fold 
diminished scale of the gypsum experiment a middle wall began 
to arise. Afterwards the débris slide down the side and cover 
the previously clear declivity. Whether, as in the gypsum 
stream, it sinks again, I know not. Fig. 2 (Plate VII.) represents 
the profile of a transverse section through the middle of the 
Lower-Aar Glacier, 250 metres below the union of the two 
principal streams—the Lauteraar (L) and the Finsteraar Glacier 
(F’); figure 3, one at about 1000 metres below the point of union ; 
and figure 4, one at 3300 metres further down. A peculiarity 
of the Aar Glacier is, that (as shown in fig. 8) the moraine- 
crown is not exactly on the centre of the wall, but is displaced 
towards the left-hand side of the valley. 

Altogether the same as in the Aar Glacier, but much more 
striking, I found in the Steinlimmi Glacier where it is joined by 
a powerful arm of the Stein Glacier, which has a precipitous fall 
between Bocksberg (2640 metres) and Thierbergli (2754). 
Fig. 7 is a sketch of the moraine of the Steinlimmi Glacier, 
with its wall clear of débris. Fig. 5 shows the profile where the 
two lateral moraines are not yet quite united, in about the place 
which coincides with the middle of fig. 7. 

As in the gypsum experiments, certain irregularities in the 
form of the bed will always prevent the formation of a di- 
stinct mechanical middle wall; thus it does not appear when 
the two streams are very unequal in magnitude ; hence profiles 
hike the above are by no means to be expected in all compound 
glaciers. Since my attention was directed to this point, the 
two glaciers cited are the only ones I have seen of those com- 
posed of two nearly equal streams. 

It appears to me that it was the observation of such profiles 
as figures 8 and 5 that misled Charpentier to delineate, as shown 
in fig. 6, the profile of a moraine as protecting the ice from 
melting away, and to speak of a “‘ piédestal des moraines superfi- 
crelles,” while with respect to lateral moraines he makes no 
mention of elevation through ablation of the glacicr, and was 
not yet aware of the widening of moraines by the débris sliding 
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down into cavities produced by melting, but only treats it as 
the effect of the extension of the glacier into a wide valley (Essaz, 
§ 21, 1841). 

Fissures of Displacement.—lIf across the surface of a stream 
of killed gypsum a straight line be drawn of another colour, one 
might have expected that, in consequence of the greater velocity in 
the centre, it would be drawn out into a continuous curve with 
its convexity turned towards the lower end of the valley, instead 
of which we obtain a form like fig. 8. There appear displace- 
ment-fissures approximately parallel to the margin, especially 
numerous near the bank; and on these our line is broken, pro- 
ducing a broken curve. A row of stakes driven into the ice, in 
a line across the glacier, will not suffice to enlighten us concern- 
ing the corresponding condition there; we must have a distinct 
continuous line. Such a one can easily be made by gathering 
small dark-coloured stones and laying them close together in a 
straight lme. They form a line which cannot be disturbed by 
the most violent shower of rain, because, through greater absorp- 
tion of heat, they immediately sink into the ice. At the end of 
August, 1869, I, with the aid of my friend Alfred Kleiner, 
Stud. Med., and Joseph Maria Trosch, chamois-hunter of Ma- 
deran, placed such lines in two different places on the Upper 
Rhone Glacier, and at the beginning of September across the 
Hifi Glacier. When, three weeks later, I again visited the lo- 
calities, all the lines had remained quite entire; but the interval 
was too short for a perceptible change in the form of the lines to 
have been produced. Hoping that our lines would last through 
the winter, and in the summer of 1870 more change of form 
would be visible, I descended the valley again. 

Although I have not yet demonstrated the displacements, yet 
I believe I have discovered displacement-fissures of the most defi- 
nite character, especially on the Upper Rhone Glacier. When 
the bed of a glacier is regular, we know that the principal fis- 
sures proceed from the margin obliquely upwards towards the 
middle. These may often have considerable breadth. They 
are perpendicular, or nearly perpendicular, to the ice-structure 
(the blue bands) in the lateral parts. Now, in the Upper 
Rhone Glacier, there is also a system of fissures which are partly 
parallel to the structure, and partly cut it at shght angles. This 
system has hitherto remained unnoticed, because these fissures 
do not gape; mostly they only offer space sufficient to insert 
the blade ofa pocket-knife, and at first sight may be confounded 
with the structure. They penetrate the mass of the glacier, and 
can be traced downward in the deepest principal fissures. They 
are very regular in their course—as far as we could trace them, 
always rectilinear—and are continued till they cut the bank at 
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an oblique angle, or disappear beneath the lateral moraines— 
which gives lengths of 800 metres and more. There are never two 
very near together, but they are at nearly uniform distances (per- 
haps from 10 to 20 feet), like the displacement-fissures in the 
gypsum stream. We found by many excavations that the ice 
is perfectly divided in these fissures, while it is easy to cut a 
‘piece of white glacier-ice through which blue bands run trans- 
versely, and the structure does not destroy the cohesion. _ 

Where the structure cuts these fine fissures, many displace- 
ments which have taken place along them are directly demon- 
strable; and in those which we have found, the fragment nearest 
the middle was always in advance of that nearer the bank. See 
fig. 9: the structure-bands a and a, 6 and 6, on the two sides 
of the displacement-fissure 2, correspond to each other. From 
different points of the valley-slopes we viewed the glacier under 
different lights, in order to see the course of these fissures over 
the whole glacier; but at a little distance they cease to be vi- 
sible, even under oblique illumination. How difficult it is, on 
the surface of a glacier, to take the bearings of these and similar 
objects, he only knows who has experienced it. The enormous 
dimensions of the surface, the excessive number of great eleva- 
tions and depressions all resembling one another, the large open 
fissures one must go round, the attention he must pay to-his 
footsteps—all this renders the survey incredibly difficult. On 
this account I was obliged to content myself with ascertaining 
the course of the displacement-fissures on the eastern side of the 
Upper Rhone Glacier. I afterwards found on other glaciers, 
especially near irregular banks, similarly situated fine fissures 
with quite the same character, but could not accurately follow 
their course. They are met with chiefly where the motion is 
retarded at the margins more considerably than in a regular 
valley, as behind projections. Fig. 10 shows their course in 
the Upper Rhone Glacier: a denotes the displacement-fissures, 
b the direction of the structure, c the usual open fissures. Figs. 
10A and 10B represent on a larger scale, with the correct 
angles, the parts at A and B-in fig. 10. Fig. 9 is also to be 
supposed in the region of B, fig. 10. The large bay between 
D and E must occasion great retardation of motion in these 
parts of the Rhone Glacier. 

In the gypsum stream the displacement-fissures, when nu- 
merous, may altogether replace the ordinary gaping fissures ; 
in glaciers they appear rather to be a local phenomenon, while 
the gaping fissures aré universal. Whether the system of fine 
fissures found on the Rhone Glacier is really the analogue of 
the displacement-fissures in the gypsum stream can only be de- 
cided by subsequent observation of the stone lines which we 
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constructed: their situation on the Rhone Glacier is indicated 
by thick lines in fig. 10 :—one in the region of A; the other on 
the other side, above. 

- Ina somewhat more complicated experiment with killed gyp- 
sum, in which two larger and one smaller streams were brought 
to confluence, longitudinal lines also were interrupted by dis- 
placements. The middle wall of the two larger streams was 
cut through obliquely by fine fissures at which the gypsum was 
slightly displaced vertically. In one set of experiments the 
cracks corresponding to the usual glacier-fissures, which go ob- 
liquely upward from the margin toward the centre, were very 
distinct ; but instead of being very open, they were more nume- 
rous. In other experiments they appeared to be rendered un- 
necessary by displacements in the mass. An attempt to photo- 
graph all the fine forms must be repeated. 
Eapansions—When a glacier, in consequence of entering a 

wider part of its valley, can expand at its lower end, at the upper 
part of the widening it throws out longitudinal fissures which, 
curving to the borders, form at the lower end a radiating, fan- 
like system. This is readily intelligible. The pressure of the 
middle portion, to which the ice can now yield, is radial, and 
carries the ice in a periphery having the end of the glacier for 
its ‘centre; the fissures are thrown out perpendicular to the di- 
rection of motion, and are therefore radiating. Remarkably it 
is not so in experiments with killed gypsum. ‘There two sys- 
tems of fine fissures occur at the end, which cut one another at 
a constant angle of from 69° to 72°. These fine fissures never 
gape. Atthem the lower parts are displaced vertically upward. 
They are nearly similar triangles—one side formed by the border 
of the out-spread mass, the two others by a fissure of each of 
the two systems. The system of radiating gaping fissures in 
the glacier is here replaced by two systems of displacement- 
fissures which cross one another. 

In wet masses so small, adhesion is proportionally strong, 
and more opposed to divisions than to displacements. We have 
already above encountered this preference in the killed gypsum 
for displacements, which appears to me to be the cause of the 
difference here—though perhaps it has a deeper foundation in 
the essential nature of the substance. Unfortunately I was 
unable to investigate other semiliquid non-viscous substances in 
this relation; nor do I know how far the angle of about 70°, 
peculiar to killed gypsum, depended on the degree of thick 
hquidity. In glaciers I have not found any trace of a double 
system, much asI have sought for it. Fig. 11 shows the course 
of the fissures at the end of the Rhone Glacier; fig. 12, the dis- 
placement-fissures at the expanded end of a gypsum stream. 

2L2 
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Differential Motion.—It has already been endeavoured to 
refer the structure of glacier-ice (the blue and white bands) 
to surfaces of greatest differential motion. This, like the ice- 
structure, takes place at surfaces which have the form of spoon- 
bowls laid one in another, the drawn-out end downward. Such 
surfaces can easily be obtained. Ifin the gypsum stream we 
colour one layer differently, it will be seen, when in motion, 
to assume this form. The differential motions, however, do 
not take place in these bands, but cut them, as shown in 
fig. 8. Professor Tyndall has already called attention to this 
point. Whether the differential motion is greatest on these 
spoon-shaped surfaces, or parallel with the sides of the valley 
—in other words, whether “the direction in which the filaments 
slide past each other will be obliquely directed toward the 
middle,” or parallel with the middle line, I have endeavoured to 
prove by an experiment. I will develope it, because it presents 
points of connexion in another direction. 

A number of lamellar or linear solid corpuscles in a thickly 
liquid mass remain quietly in their position without any definite 
arrangement when every part of the mass moves. with equal ve- 
locity ; the lamellz are in no wise all arranged (as has recently 
been said) perpendicular to the direction of the flow—for ex- 
ample, in lavas. A definite arrangement is only brought about 
by differential motion (when some parts move more quickly than 
others). This is everywhere the case where the mass flows na 
fixed bed. There friction diminishes the velocity near the sides 
of the bed (lava, mud-streams, glaciers). When a lamella hes in 
a flowing mass, the end of it turned to the more slowly moving 
side moves more slowly, is kept back relatively to the other ; 
the lamella is turned till it falls into the surface of greatest dif- 
ferential motion; and in this position it remains. Were it by 
accident to be turned beyond, it would immediately be tipped 
over, and again be turned in the same direction into the same 
surface, as at first. All lamelle in a flowing mass arrange 
themselves in the surfaces of greatest differential motion. 

I cut an immense number of minute chips of wood, of about 
a square line surface and the thickness of stout paper. These 
were mixed with the gypsum, and the mass set flowing along 
the valley-channel, and afterwards dried up solid (in which pro- 
cess, it is true, the form was a little distorted); and now the 
position of the chips was investigated. Hig. 13 shows the ar- 
rangemeut in a longitudinal section through the middle line; 
therefore the surfaces of greatest differential motion are parallel 
to the sides of the bed. In the middle of the higher parts, 
where generally the differential motions are much smaller, no 
arrangement had entered. If the other view were correct, the 
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longitudinal section would have given the form shown in 
fig. 14. 

The “ sliding of the filaments towards the middle” is some- 
what plausible if we consider that at the margins of the gla- 
cier, where the motion is much slower, a heaping up of masses, 
and in consequence a movement of them toward the middle 
must take place. This, however, is the case only at the upper- 
most part of the glacier, where the wide channel of the névé 
opens into the narrower glacier-valley. There the chief mass 
moves toward the middle, and at the margins only that is 
driven after which has plenty of room. In the glacier itself, 
as the undisturbed course of the central and lateral moraines 
shows, it is otherwise. The glacier behaves as a number of half- 
cylinders lying one within another, the inner sliding more quickly 
down the valley than the outer ; there is no trace of heaping-up 
at the margins. The only question is, are these cylinders infi- 
nitely thin? that is, does the velocity increase continuously to- 
ward the middle? or does each set of infinitely thin ones, which 
do not admit of much displacement of one over another, form a 
thicker cylinder ? that is, does the velocity increase per saltus? 
do displacements take place as in the gypsum stream (fig. 8)? If 
I have correctly indicated the displacement-fissures in the Rhone 
Glacier, they are, in this comparison, the divisions between two 
thicker half-cylinders. 

When, analogous the valleys of the Rhone, the Trift, and 
many other glaciers, a very steep place is made in the valley, 
the gypsum stream breaks down over it exactly as does a glacier, 
in the form of stairs. At the foot of the fall the terraces gra- 
dually become small transversely running arcuate elevations, 
and at length vanish altogether: in glaciers, as is well known, 
they leave the dirt-bands behind. 

If small pieces of wood are placed upright in the gypsum 
stream, they very soon incline toward the bottom of the valley 
—a proof that the velocity diminishes downwards. 

That in a winding valley the maximum of motion approaches 
the concave side, that the glacier scarcely reacts on small lateral 
glens in its valley, that it presses aside or overpowers small 
lateral affluents, &c., all these can be very beautifully demon- 
strated in the stream of killed gypsum. Of course the forms of 
the surface are never those of the glacier, because there is no 
ablation, and at the progressing lower end of the gypsum stream 
the motion is a rolling; while it is not so in the glacier, on 
account of the ablation, or this rolling only occurs, quite sub- 
ordinately, in winter, if even then. 

If killed gypsum is caused to move slowly from a sh low 
cavity into two valleys in opposite lirections, at the summit 
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of the cavity a splendid system of transverse fissures is ob- 
tained, exactly as they are formed in névé-plateaux, which 
are the boundaries of glaciers. This system of fissures can 
never be replaced by displacements. 

With all this a variety of thoughts, leading to further expe- 
riments, connect themselves—for imstance, about an arrange- 
ment of semiliquid masses in a systematic series according to 
mechanical principles, &c. Perhaps I shall subsequently re- 
sume the subject. The experiments, still very mcomplete, could 
not be further continued on this occasion; for as in a mountain- 
stream the rubble stones move more slowly than the water, so 
our labours are always outstripped by time. 

3. On Structure. 

In order to prove that the structure of glacier-ice (the blue 
bands) is not derived from. the stratification of the snow, Pro- 
fessor Tyndall searched for places where the structure and the 
stratification might be seen together, and after long searching 
he found them. On the Upper Rhone Glacier, in the summer 
of 1869 we had continual opportunities of repeating and con- 
firming his observation. In almost all the fissures the snow- 
bedding was horizontal; and almost perpendicularly cutting it 
the structure was visible; so that we could have wished Profes- — 
sor Tyndall had first sought for it here; he would have sooner 
found what he wanted to see. The same was distinctly to be 
seen abundantly on the Upper Trift Glacier, and even on the 
little Glarnisch Glacier. 

A second proof of the difference between stratification and 
the structure, and partly also a support for Tyndall’s explana- 
tion of the origin of the structure, is the following :—I thought 
to myself, “Ifa glacier with distinctly developed structure (lon- 
gitudinal, or much-drawn-out transverse structure) has after- 
wards to make a fall, the new transverse structure originating 
at its foot must cut the already present longitudinal structure. 
Were the structure a stratification, it could not cut itself.’ The 
Rhone Glacier, m its upper part, has already the ordinary struc- 
ture; we therefore sought at the foot of the fall, in the “ struc- 
ture-mill,” for crossed structure. So regularly, however, was 
the fact not as I had thought, that the masses in the fall 
tumble into considerable disorder, are many times twisted and 
dislocated ; the old structure could not be traced throughout 
its course, but was only partially distinct ; it was often not clear 
to me whether I had to do with the new or the old. However, 
after long search and diligent cutting up of .the upper white 
crust (it was a splendid day at the end of summer), we 
found an immense number of places, scattered over the whole 
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breadth of the glacier, in which crossed structure was distinctly 
visible—for example, in the fine ice full of white bubbles a blue 
band one inch broad, cut at an angle of 40° by another of nearly 
equal breadth, and others similar, even a complete system of 
bands which crossed one another, as distinct as one could wish. 
Further down the “ structure-mill ” the new structure was so 
Ee nently complete, that traces of the old were not easy 
to find. 

In many other glaciers crossed structure is probably still 
more readily to be found; and every thing will be more regular 
when the fall is not so wild and the structure is better developed 
in the upper part than in the Rhone Glacier. 

The bounding surface between bubble-free (blue) ice-band 
and bubbly (white) ice can be readily laid bare in a hand spe- 
cimen by a carefully directed stroke. It immediately strikes 
one that it is cylindrically grooved vertically. At the first glance 
the following explanation obtrudes itself :—The paths which, in 
the formation of the blue band, the retreating air-bubbles have 
taken are preserved, filled with ice, reminding one of kernels in 
stone; and in isolated cases the air-bubble does not urge its 
way quite to the top, it stays at the end of the ice-kernel which 
marks its unfinished path. How much this observation sup- 
ports Professor Tyndall’s explanation of the origin of the blue 
bands in the white ice is obvious. I made it first on the Upper, 
then on the Lower Rhone Glacier, and afterwards found it con- 
firmed in other glaciers. Fig. 15 (Plate VII.) represents a piece 
of white glacier-ice in which the bounding surface of one of 
the blue bands is laid bare. 

When the minute displacement-fissures are no longer opera- 
tive as such, the water in them at length freezes to a bubble- 
free narrow ice-vein of at most 1 centim. thickness. This is 
readily distinguished from the blue bands by its regular course ; 
it has a somewhat different aspect; im addition to which it 
usually cuts the structure at a slight angle, as is frequently to 
be seen in the walls of the normal open fissures (in fig. 16, a is 
the ice-vein). On the left side of the Rhone Glacier these 
elacier-veins are found pretty numerous both immediately above 
and below the fall. Ihave never seen on their bounding surface a 
cylindrical structure. This is at once explained by their different 
manner of formation. 

Far more suitable than any other glacier for the study of the 
origin of the dirt-bands and structure is the Trift Glacier, which 
on the Trifthmimi is connected as a névé cap with the Rhone 
Glacier, but descends in the opposite direction, ito the valleys 
to the north. Its principal fall is mcomparably more magnifi- 
cent and wild than that of the latter. Thence in a length of 
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2000 metres, with a breadth of 1100, the glacier has a descent 
of only 115 metres; this is followed by steeper, almost precipi- 
tous portions, extending 1800 metres. From the Clubhitte 
(which stands close above and beside the glacier) one commands 
a view of the whole, and can perfectly gather immediately from 
Nature the explanation given by Professors Forbes and Tyndall 
of the origin of the dirt-bands. The structure is so distinct 
that it can be accurately followed throughout its course. Never 
have I enjoyed so magnificent a mountain-scene as this; little 
known, if surpasses in beauty all the larger glaciers I have 
seen. 

4. Névé-snow. 

On the 25th August, 1869, we ascended, under a cloudless 
sky, the Galenstock ; and on the 28th we walked up the whole 
Rhone Glacier, and over the Triftlimmi. There, all over the 
surface, the snow was finely ribbed as I do not remember having 
ever seen it before. In two directions, at an angle of about 60°, 
the snow was finely furrowed, and thereby divided at the surface 
into little rhombs, the longer diagonal of which (perhaps 2 or 
3 centims.) had in every case an east and west direction. Fig. 
17 shows their form. The wind often produces something si- 
milar in the névé-snow; but the immense regularity and uni- 
versal distribution were nevertheless peculiar. 

LXIV. On Secondary Planets in Small Orbits. 
By Danie Vaucuan, Esg.* 

hei the theories of the tides and of the figure of the 
earth, it appears legitimate to pass to kindred researches 

on the extent in which the close proximity to a great central 
orb may affect the form of a satellite, the gravity at its surface, 
or its capability of maintaining the planetary structure. On 
this subject I partially treated in communications for the Phi- 
losophical Magazine about ten years ago. But it seems desi- 
rable at the present time to extend the investigations which I 
then presented, as they will be found to have an important 
bearing on certain questions of scientific interest, and the basis 
on which they rest can be rendered more seeure. In supposing 
that the same side of a satellite is always turned towards its pri- 
mary, there might appear some dealing in uncertainty ; for the 
arrangement which our moon and other secondary planets ex- 
hibit could not be assumed as the result of a general law as 
long as it was ascribed to special causes supposed to operate in 
very remote ages. The assumption might be more justifiable if, 

* Communicated by the Author. 
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in accordance with modern doctrines, the ultimate effects of tides 
on the rotation of a satellite were regarded as the cause of the 
synchronism of its orbital and rotatory movements; yet there 
would seem to be too great a demand on hypotheses in claiming 
for every minor world the possession of seas and the tempera- 
rature required for their fluidity. 
A more certain, though perhaps a more slow cause of the 

arrangement in question, will be revealed on considering how 
a solid satellite, consigned to a small orbit and rotating in such 
a manner as to present its opposite sides alternately to the pri- 
mary, must have its form perpetually changed by the attrac- 
tion of the latter body; for these changes (even when they 
proceed from oscillations of the internal matter with unim- 
paired elasticity) would have the same effect as tides in altering 
the rotation until it kept pace with the periodical revolution. 
This I have shown in the Philosophical Magazine for December 
1861; but it may be proved more easily by the aid of the modern 
doctrine of the definite relation between heat and motion. In 
the case of the supposed secondary planet, with an incessant 
change in the gravity at its surface and in the pressure on its 
internal parts, the resulting oscillations must be accompanied 
by the production of heat; and this being necessarily gene- 
rated at the expense of motion, the rotation would evidently ~ 
change until it became adapted for keeping the same side ever 
confronting the primary. ‘The want of coincidence of the planes 
of orbital and diurnal motion and the eccentricity of the orbits 
would also be corrected by the oscillations and the calorific 
action resulting from them; and the surface of the satellite 
would thus constantly assume a more tranquil condition, as the 
disturbance from the central body varied little either in inten- 
sity or in direction. 

For producing and maintaining the arrangement so favour- 
able to repose, the causes alluded to are most effective when a 
large secondary planet is in the closest proximity to its primary, 
and those extreme cases where stability is scarcely possible 
may be investigated with the least dependence on hypothesis. 
Such cases are also recommended for consideration by their 
connexion with certain celestial phenomena. For maintaining 
the planetary structure of two large satellites in the region oc- 
cupied by Saturn’s rings, so great a density would be required, 
that the condition of the mysterious annular appendage must be 
ascribed to its proximity to the primary. While also the re- 
sistance of a space-pervading medium may be expected to con- 
sign to an orbit too small for stability a member of some of the 
numerous planetary systems of the universe, an exact investi- 
gation will show that the great dismemberment must take place, 
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not gradually, but in a paroxysmal manner. ‘These results, to- 
gether with some facts respecting the light of meteors, furnished 
the chief grounds on which I have hitherto maintained that 
temporary stars are great meteoric displays attending the dila- 
pidation of a world, its fragments sweeping through the atmo- 
sphere of a greater central orb. More positive evidence is 
afforded by observations made on the star which displayed its 
ephemeral brilliancy in the constellation of Corona in 1866. 

That hydrogen is the main constituent of the highest part of 
the solar atmosphere was first mferred by Dr. Stoney from 
theoretical principles, but has been proved more conclusively by 
the observations of late years. As the same light gas is now 
known to exist in most of the great orbs of space, it must 
form the chief part of their external envelopes, in obedience to 
the law which gives fluids a position depending on their den- 
sity, and which, from the great rarefaction and feeble expan- 
sibility of the uppermost atmospheric strata, must overrule 
the tendency which the power of diffusion exerts for produ- 
cing a uniform mixture of all aériform collections of matter. 
From their position in the outward envelopes of all great ce- 
lestial bodies, the most rare and attenuated elements must act 
a most conspicuous part in such great meteoric displays as may 
be expected to occur when a primary or a secondary planet, 
gradually introduced mto too small an orbit, undergoes either a 
total or a partial dismemberment, and sends its imnumerable 
fragments through the atmosphere of the central orb. As the 
fragments sweeping through the upper atmospheric stratum of 
the latter body would escape immediate precipitation to its sur- 
face, and continue the production of heat and light during many 
revolutions, and as large meteors must require some time to 
partake of the high temperature which they impart to the re- 
sisting medium, it may be reasonably expected that the peculiar 
characters of hydrogen and of other rare gases would be im- 
pressed on the vast flood of light sent forth durmg these ex- 
hibitions of meteoric brilhancy. | 

This explanation accords with the fact that the temporary 
star of 1866 exhibited, not only the ordinary spectrum of side- 
real bodies, but also another, consisting of four bright lines, two 
of which indicated the presence of hydrogen gas in a high state 
of incandescence. The eminent observer to whom science is 
indebted for this discovery, ascribes the phenomenon to effects 
of burning hydrogen ; but the cause would certainly be inade- 
quate to call forth the wonderful brilliancy of the star, even 
though the gases participating in the combustion could meet 
in the exact proportions required for chemical union, and no 
imert elements reduced the temperature by sharing the heat 
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which they took no part in producing; but if surrounding a 
star equal in mass to our sun, an envelope of hydrogen tra- 
versed by meteors would acquire from pressure alone a tempe- 
rature many thousand times as great as that arising from its 
combination with oxygen. The disproportion in the efficiency 
of the two causes will appear still greater when the slowness with 
which large collections of different gases can mix, so as to afford 
scope for the play of affinity, is contrasted with the rapidity with 
which a host of meteors in the supposed case would make their 
terrific influence felt throughout an extensive region of a solar 
or a planetary atmosphere. 

In investigating their form and stability im small orbits, I shall 
regard the satellites as fluid; for when their size is considerable 
the resistance of solid matter cannot occasion any wide depar- 
ture from a figure of equilibrium. The mechanical theory of the 
resistance of solids shows that passive strength increases in a 
less rapid ratio than weight, and that large structures are weaker 
in proportion to their size than smaller ones. But in bodies as 
large as worlds the restraint from solidity is far less than that 
given by theoretical estimates, as a strain extending over many 
hundred miles must fall on some localities in an undue propor- 
portion ; and in the planetary structure rents would be gradually 
produced, its several parts yielding in succession to a force which, 
if duly distributed as theory supposes, might be successfully 
resisted by the solid mass. Accordingly, in questions relating 
to the form of a large satellite, the gravity at its surface and 
the radius of the smallest circular orbit which it can describe, 
‘no serious error can arise from adopting the hypothesis of flui- 
dity. A source of greater discrepancy in the results for differ- 
ent bodies would be found in the heterogeneous character of 
their materials, and in the variable rate at which density might 
decrease from the centre of each to its surface. But the maxi- 
mum extent to which this cause can affect the result of our 
inquiries may be determined by selecting two extreme cases, in 
one of which the satellite is regarded as homogeneous, while in 

‘the other the matter at the centre is supposed to be infinitely 
dense in comparison with that by which it is surrounded. A 
similar course has been adopted by writers on the figure of the 
earth. 

I shall take up first the case in which the central matter is so 
exceedingly dense that it may be supposed to monopolize the 
whole of the attractive energy, and accordingly that gravity at 
every part of the surface of the body is directed to the centre. 
Let D be the distance between the centres of the primary and of 
the satellite, M and m the measures of the attractions of the two 
bodies at the distance k, and 2, y, and z the rectangular coordi- 



512 Mr. D. Vaughan on Secondary Planets 

| dinates of any point on the surface of the satellite, the centre 
being taken as the origin of the three planes of reference, sup- 
posed to intersect in the axis of rotation, the radius of the orbit, 
and the line of orbital motion. 

i Let A, B, and C be the maximum values of 2, y, and 2, or the 

} major, mean, and minor semiaxes of the figure of equilibrium. 

} The attractive force of the satellite at the given point is equal to 

mk? 
xu*+y?+ 2? 

| parallel to each axis and expressed by | 

mk*x mky mk*z 

; and this may be resolved into three components 

a aE 2? pT pees 
(a? +? +27)? (a? + y?+2%)? (2? -++y?+27)* 

The attraction of the primary on matter at the same point has 
Mk? 

the value D?—2De+a2 tye? and the components of the 

i disturbing force it occasions will be 

i 2Mkx Mk*y Mik?z 
a iia a Po AOR, Bee eee 

i the squares and higher powers of 2, y, and z bemg omitted. If 
¢ denote the time, and v the velocity of rotation at the given 

I point, the centrifugal force will be 
i 2 Ree ii 
i] i cal , or say ad Varty : 
| Jx+y? P 

| As the rotation is supposed to take place in the same time as the 
| orbital revolution, /? will (from the doctrine of central forces) be 

2 An? D3 
equal to Me? and accordingly the centrifugal force will be 

| expressed by 

| Mik? /a® +72 

, De 
HI while its components in the direction of the three axes will be 

Mk?az Mk? 9 

If X, Y, and Z represent the sum of the components parallel to 
iil each axis, 
| mk?x _ 8MFz 

eit oe 
il mk2y 
| TS od a aes sncing Leal A | tty eae st 
i Z— mk?z Mi?z 

iil (a2 +? +2%)2 D3: * 
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Now, from the principle of equilibrium in fluid masses, 

Xda + Ydy+Zdz=0. 

Substituting the above values for X, Y, and Z, and integrating, 
there results 

N mk? _ 8MK a? te Mk?2? 
(a2 + y2-+ 22)? 2D* 2D* 

the equation of the surface of the satellite N being the arbitrary 
constant required in integration. 

To find the relation between the principal axes, it is necessary 
to deduce from the last equation an expression for the maximum 
value of each ordinate, the other two being successively made 
equal to 0. We thus obtain 

=0,.. (5) 

mk? 8Mk?A? 
aa oper se es 8) 

mk? 
p =H ° e ° ° e e e e ° (7) 

Mike MC 
ee oy a Sey 

Subtracting (6) and (8) successively from (7), we find 

mk?(A—B) | 3Mk?A? 3M A°B 
re Bn er ome ak a 
mk? (B—C MC? MC°B 
es — “9p? ” or B-—C= ImD? 3 (10) 

and adding (9) and (10), 
3413 Ao MBIGA2+C9 a1) 

ImD? ° e e e e e e e 

From a comparison of the last three equations, it appears that 
when the extraneous force and the consequent deviation from a 
sphere is small, the ellipticities of the principal sections of the 
satellite would be nearly in the ratio of four, three, and one. 

The greatest degree in which polar compression could be ex- 
hibited in such cases would evidently be reached when gravity 
was entirely annulled at the part of the surface in conjunction 
with the primary, so that 

mk? 38Mk?A 
AP DF 

To find, therefore, the greatest disproportion which can occur 
2 2A 2 

between A and B, let = be substituted for at ae 
DDS LB 

ie 
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for N in equation (6); there results 
2 

sme = ME whence B= 2A. Se, a 

From equations (8) and (12) it will also appear, after some re- 
ductions, that 

| C Cre eC AC? 
pa GB or B=! app ey Se aie (13) 

from which C may be found equal to :9576B or to ‘6384 A. 
Though not a true ellipsoid, the satellite may, without much 

error, be considered equal in volume to sree or 7 es x 4256 ; 

and if p denote its mean density, and g the attractive force of a 
unit of matter at the distance k, then 

3 
= SEP9D 4256. 

Regarding the primary as an exact sphere, its radius being r, and 
its density being taken as unity, M (the measure of its attraction) 
will be given by the formula . 

Aargr® 
M= ee 

These values of M and m being substituted for them in equation 
(12), there is found, on reducing, 

3 F : 

yee es . (14) 
‘j p vp 

This determines the size of the smallest orbit in which the sa- 
tellite could preserve its integrity. If revolving a small distance 
beyond the surface of the great central orb, it could not hold its 
parts together unless its mean density were more than seven 
times that of the primary. To the constitution which I have 
assigned to the satellite many comets seem to approximate; and 
from the degree of compression which these bodies exhibit, or 
from their power to resist the dismembering action of the sun at 
certain distances from him, we may hope to gain some informa- 
tion of their masses and densities by means of formule similar 
to those I have deduced. But the investigation for comets 
could not have so well-defined a basis, nor lead to very certain 
results, as the shape which their attenuated matter assumes de- 
pends not on gravity alone, but on forces which seem removed 
from the domain of scientific inquiry. 

For some of the questions involved in the case of a homoge- 
neous satellite, an approximate solution was given in my com- 
munications to the Philosophical Magazine for December 1860 
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and April 1861. For a more complete and accurate investiga- 
tion some of the formulz which I then employed will be found 
necessary ; and these I will briefly deduce. While retaining the 
same notation as in the preceding case, I shall put P, Q, and R 
for the force of the satellite’s attraction at the extremities of the 
axes, the major axis ranging with the centre of the primary. 
That the figure of equilibrium is an ellipsoid will be rendered 
evident by a comparison of the results to which this hypothesis 
leads. Regarding the body as an ellipsoid, its attraction at the 
point of the surface represented by 2, y, and z will, by a well- 
known theorem, have the following components in directions 
parallel to each axis: 

Pa Qy Rz 
RT | OEE 

From formula (2) the components of the primary’s disturbance 
at the same point will be 

Mi?a Mik*y Mik?z 
ere De Bs 

and the components of centrifugal force will be, according to 
formula (3), 

(15) 

Mi?x Mi? 
pede 

Calling the sum of the forces, in the direction of each axis, X, 
Y, and Z, 

_ Pe 38MKa Rz  Mi?z 
moar ye 2 em 

In the equation of equilibrium for a fluid mass, 

Xdz+Ydy+Zdz=0; 

substituting the above values for X, Y, and Z, and integrating, 
there results 

3Mie RMR G- > 7 )?+Q y+(Gt pr) Sy ails 

This being the Sele of the surface of an ellipsoid, the 
result justifies the course which has been pursued in assuming 
this figure as the one to which a homogeneous fluid satellite 
conforms. When z and y are both equal to nothing, 2 attains 
its maximum value and becomes equal to A, and the last equa- 
tion is reduced to 

0. 

Y= a and Z=— . (16) 

SMkK?7A? 
D3 

The maximum value of y and of z being likewise determined by 

PA~— A lh a MORRIS Cab 1S) 
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putting the other ordinates successively equal to nothing, there 
is obtained from (17), 

ana 
BQ=8, and RC+ Sr =S=BQ;. . (19) 

whence 
3M kA? MA?C? 

PA— D3 =RC+ fhe 

and 
| Mie | PA-RC= 5 GAR EC). 1 ae (20) 

3 

ge J’ » being the radius of the primary Putting for M its value 

supposed to be a sphere, and g the attractive force of a unit of 
matter at the distance /, the last equation becomes 

Amk?g re 

PA—RC= Dp: *~3 (SA? +€*). 4 . 

The ellipticity at a given distance from the primary may be 
found by the foregoig equations; but my main object is to de- 
termine the greatest ellipticity which the body could exhibit, and 
the radius of the smallest circular orbit in which it could main- 
tain its integrity. Now equilibrium ceases to be possible on 
the surface of the satellite, not when the disturbance of the cen- 
tral orb wholly neutralizes gravity in the direction of the axis A, 
but when it becomes too great to serve as a counterpoise to the 
forces acting in the direction of A and C. This disturbance is 

: 12 
proportional to ps: and accordingly the maximum value which, 

for different degrees of elongation, must be given by the last 

equation to 7 will enable us to express, in terms of the radius 

of the primary, the radius of the smallest circle which the 
satellite can describe. In the Philosophical Magazine for De- 
cember 1860 I made, on this principle, an approximate estimate 
of the size of the smallest orbit, regarding the satellite as a pro- 
late spheroid ; but for strict accuracy in calculating this item, and 
also the ratio of the principal axes of the body, it is necessary to 
have recourse to elliptic integrals. 

For the sake of brevity, I shall avail myself of the results of 
the investigation which Legendre has given for the attraction of 
a homogeneous ellipsoid, in his Hwercices de Calcul Intégral, 
vol. ii. p. 528. His formule, with some modifications in the no- 
tation, and taking the density as unity, give 
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ant gS [H(c.¢)—Ble. $1], 
Q= Ee [Bega sas on? _sen(c.$)], + (22) 

Ra STEPABU [A tan d—E(e. $)], 

in which the modulus c? is equal to = ea 

— 

— 

= the limits of ¢ are 

from 0 to cos-' d= Ss while is put for / A2—C?, b for 

/1—c?, and A for” 1—c? sin? ¢. If the above values of P and 
R be substituted in equation (21), there will be obtained, on di- 
viding by 4rk?g, 

ae le.) Ble. 6)] Tape [Aten BC. 9) 
= wp (A?+ 5). Par yas aoa 

Let the ratio of the principal axes be now expressed in terms of 

the modulus c? and the amplitude ¢. As cos ¢ is equal to fs 

Q 2 

and c? ae = it may be readily found that n° is equal to 

A8 sin® d, and B equal to »/1—c?sin? $ or to A. Substituting 
these values for B, C, and n? in the last equation and dividing 
by A®, we obtain 

A cos A cos? & Zant g C+ $)—E(c. #))— Frans g (A ton $—E(e. $)] 

= +teos%¢). . pbauicvite Bill oes tiles Glade 

A substitution of the values of R and Q im equation (19) wills 
by a like process, lead to the following: 

A’ cos } c’sngcosd 45 |= agian 
Be? sin? he. Pre — b?F(c. ¢) 7 One. i) 

A cos oie x [Atanp—E(c.9)]. deie she talaga OS 

For finding the greatest extent to which the satellite could 
have its form elongated and its orbit reduced, I have computed 

3 
the values of am and of the relation between the forces along 

the principal axes for different moduli and amplitudes, the latter 
Phil. Mag. 8. 4. No. 276. Suppl. Vol. 41. 2M 
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being supposed to increase from 58° by uniform increments. In 
taking c equal to sin, @ in the case in question cannot differ 
much from 90°, this being its value for a prolate spheroid. I 
have therefore deemed it best to assume for 0 the constant value 

3 
of 80° until the results exhibit a maximum value for ays ; and then 

we may determine the extent to which the are must be altered 
in order to fulfil the other conditions. Putting P’, Q', and R! 
for P, Q, and R divided by 4crk?gA?; the relation between these 

quantities, and also the values of D: for different amplitudes and 

moduli, will be as follows :-— 
: cz 

Bor hiss PA, Q’B. RC. ae 
—— 

é 
80 58 1883131 -1201880 ‘1163499 0659336 
80 59 "1830151 "1147750 "1107895 0663581 
80 60 1776240 | °1093840 "1054360 0666343 
80 61 1721416 "1040776 0998855 ‘0669875 
80 62 °1665670 "0985860 "0944249 0672047 
80 63 1609083 0935796 0890777 ‘0671888 
80 64 "1550663 "0884503 0838432 "0669370 
80 65 "1493456 0834122 0786740 0667006 
80 66 1484507 0784623 0735980 "0662014 
79 62 "1674540 "1000739 70948294 | 0676545 
78 62 "1684030 "1014850 0952608 0681364 

ca reaches its highest 

limit when ¢ is 60 degrees; but to fulfil with this value equation 
(25), @ must be reduced to 79 degrees. From the amplitude and 
modulus thus obtained it may be easily found that ' 

B=-4988A, C=-4695 A, and == 24547. 

From the above Table it appears that 

-It thus appears that a homogeneous fluid satellite as dense as its 
primary would be unstable, even in a circular orbit, if the radius 
of the latter were less than 2°4547 times that of the central orb, 
and that, when near the verge of instability, the principal axes 
would be nearly in the ratio of 1000, 499, and 469. At’the 
point of its surface nearest to the primary the attraction would 
be almost equal to half that of a sphere with a diameter equal to 
the major axis, and it would be reduced about 40 per cent. by 
the disturbing force of the central body. 
When the primary and secondary are unequally dense, the 

formula for the least distance between them must be modified by 
regarding 7 as the radius of a sphere equal to the central orb in 
mass and to the satellite in density. Now r is equal to r'</p, — 



The Hon. J. W. Strutt on Double Refraction. 519 

r being the actual radius of the primary, and p its density divided 
by that of the satellite; so that the radius of the smallest orbit 
for the latter will be 2:45477r./p. On comparing the results in 
the last paragraph with (12), (13), and (14), it will be seen that 
the heterogeneous composition of a planet would be attended 
with a far less change in the results in the present investigations 
than in those usually given for the figure of worlds, supposing 
the deviation from a true sphere to arise from the sole action of 
centrifugal force. 

Cincinnati, March 24, 1871. 

LXV. On Double Refraction. By the Hon. J. W. SrRvutt, 
Fellow of Trinity College, Cambridge*. 

i a former paper} I have shown that, of the various hypo- 
theses which might be made to explain the diminished ve- 

locity of light in transparent matter, only one can be reconciled 
with the observed laws regulating the mtensity of polarized 
light scattered in different directions from an assemblage of par- 
ticles whose diameters do not exceed a small fraction of the wave- 
length. We are forced to suppose that the difference between 
media which is the cause of refraction is a dynamical and not a 
statical difference, that the rigidity or force with which the 
ether resists distortion is absolutely invariable. In this view 
there is nothing novel. Fresnel distinctly adopts it in the in- 
vestigation of his celebrated formule for the intensities of re- 
flected hght; and, what is more important, Green’s rigorous 
mechanical theory ‘of reflections { is based on the same assump- 
tion. Cauchy also, to whom much of the credit really due to 
Green has been transferred, starts from the principle of conti- 
nuity of movement, which asserts that in the passage from one 
medium to another there is no break in the continuity of the 
values, either of the displacements or of their differential coeffi- 
cients. believe that Cauchy has nowhere explained the ground 
or significance of his principle; but it is easy to see that to as- 
sume the continuity of strain is equivalent to asserting a com- 
plete continuity of statical properties, so that, as has been pointed 
out by Haughton§, Cauchy’s theory is essentially the same as 
Green’s. 

On the other hand, MacCullagh and Neumann have founded 
their investigations of reflection on the hypothesis that the dif- 
ference between media is statical and not dynamical. There is, 

* Communicated by the Author. 
T Phil. Mag. for June 1871, p. 447. 
t{ Camb. Phil. Trans. 1838, or Green’s ‘ Math. Papers.’ 
§ Phil. Mag. S. 4. vol. vi. p. 81. 

2M2 
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however, no difficulty in showing that their hypothesis is as in- 
consistent with the phenomena of regular reflection as it is with 
those of diffraction from small particles, as I may perhaps ex- 
plain in detail on another occasion. But there is one argument 
urged by them against the rival view which deserves the greatest 
attention. How, they ask, can double refraction be accounted 
for if the elastic forces brought into action by a given deforma- 
tion of the ether are the same in all cases? It is well known 
that all the theories of double refraction hitherto given by 
Fresnel and his followers assume expressly that within a doubly 
refracting medium the elasticity varies in different directions. 
How is it possible, in investigating the laws of reflection from 
the surface of isotropic media, to suppose that the statical con- 
dition of the ether is invariable, and then, when we come to 
double refraction, to turn round and say that in them the ether 
has a rigidity dependent on the direction of displacement? I 
am not surprised at the importance attached by MacCullagh and 
Neumann to this objection. Fresnel and Green’s investigations 
of reflection are indeed absolutely inconsistent with the received 
views as to the cause of double refraction. We find ourselves 
then in this position : either we must give up Green’s theory of 
reflection, which is the only one hitherto proposed, or easily con- 
ceivable, capable of meeting the facts of the case; or else we 
must abandon the ideas of Fresnel as to the mechanical cause of 
double refraction. 

MacCullagh and Neumann were consistent, though, as I be- 
lieve, consistently wrong. They rejected the hypothesis of a 
constant rigidity and variable density as incompatible with the 
existence of double refraction. How, indeed, conceive a density 
different in different directions ? 

Fresnel and Green were inconsistent. The latter has given 
two rigorous theories of double refraction* which differ from 
one another in important points, but agree in this, that neither 
of them can be reconciled with his explanation of reflection ; 
for both assume that the forces which resist displacement within 
a crystal vary according to the direction of displacement. Pre- — 
cisely the same remark applies to the investigations of Cauchy. 

It will readily be anticipated that, having the strongest grounds 
for believing that the rigidity of the ether is constant whether it 
be free as in vacuum or entangled with the molecules of matter, 
I adopt the latter of the two alternatives already mentioned, and 
look in another direction for the explanation of double refraction. 
In taking a step which may seem retrograde, I would remark that 
we are not abandoning a theory in itself very complete or satis- 
factory. Fresnel’s explanation of double refraction will always 

* Camb. Phil. Trans. 1837. Green’s ‘ Math. Papers.’ 
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be considered worthy of his great genius; but it is well known 
that as a rigorous mechanical theory it will not bear criticism. 
Nor do the attempts that have been made to improve upon it 
carry the mark of truth. On this pomt I refer to the excellent 
report on double refraction by Professor Stokes in the British 
Association’s Report for 1862, and will only say that the ana- 
logy between the vibrations of the ether and those which may 
take place in solids, so striking as long as we confine ourselves 
to ordinary media, seems to break down when we pass on to 
consider the case of crystals. For Green has shown that the 
elasticity of a crystallized medium depends in general on twenty- 
‘one constants*, while the phenomena of double refraction in 
biaxal crystals involve only six. It is true that, by assumptions 
more or less arbitrary, the redundant constants may be got rid 
of, and the result manipulated so as to agree very well with ob- 
servation ; but no one, I suppose, would consider a theory arrived 
at in such a manner altogether satisfactory. At any rate this 
is not the opinion of Professor Stokes, who says that in his be- 
lief the true theory of double refraction is yet to be found. 
We have, then, to consider this question : Can double refrac- 

tion be explained if the statical properties of the zther are inde- 
pendent of the associated matter? Can we suppose that the 
density within a crystal is a function of the direction of vibra- 
tion? I answer, yes. The absurdity is apparent only, and dis- 
appears on more attentive examination. As I am conscious the 
position is one that will need all the light that can be thrown 
upon it, I think it well to give an illustration of a comparatively 
simple character which occurred to me at an early stage of this 
inquiry, and which was of great use in showing me in a general 
way the possibility of the kind of explanation I was in search of. 

Let a solid body, such as an ellipsoid, be so supported in 
space that its centre of inertia is free to move in any direction, 
‘but is urged by springs or otherwise towards a certain fixed 
point with a force symmetrical all round and proportional to 
the displacement. ‘The arrangement may be supposed to be 
such that the body always retains its parallelism. Under these 
circumstances, a vibration may be performed in any direction, 
and its period is the same in all cases. If the inertia of the body 
be increased, the only result can be that the motion will become 
more sluggish and the period longer. Here we have the ana- 
logue of singly refracting media. But now suppose that instead 
of moving in free space the body is immersed in a fluid of sen- 
sible density. According to known theorems in hydrodyna- 
mics}, the inertia of the fluid adds itself to the inertia of the 

* See also Thomson and Tait’s ‘ Natural Philosophy,’ vol. i. p. 708. 
t+ Thomson and Tait, p. 262. 
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body, and that in a manner dependent on the direction of vibra- 
tion. An extreme case will make this evident. Suppose that 
the ellipsoid degenerates into a circular disk of inconsiderable 
thickness. It is clear that if the vibration be performed in a 
line perpendicular to the disk, the fluid, which cannot readily 
pass from the one side to the other, will greatly impede the © 
motion—that is, increase its period; for there is no question 
here of aloss of energy from friction or viscosity. 

It is equally evident that if the motion be in the plane of the 
disk, the fluid has no effect and might as well not be there. We 
see, then, that,-to all intents and purposes, the disk has a density, 
or rather inertia, of variable magnitude dependent on the line of 
vibration, and symmetrical round an axis, and are reminded of a 
uniaxal crystal. Next suppose that we try to make the disk vi- 
brate in a line oblique to itself. It would at once appear that 
such a vibration cannot be performed without an additional con- 
straint, which we may suppose applied. The system would then 
perform pendulous vibrations whose period is a function of the 
position of the line in which the centre of inertia is made to 
move. lLagrange’s general method leads immediately to a solu- 
tion of the whole problem :— 

T= kinetic energy =} Spies +Q(y? + 2%) }; 

V= potential energy = = (2? +4? +27); 

whence the equations of vibratory motion, 

Px + pxr=0, ~ 

Qy + py=9, 

Qz+pyz=0, 
showing that vibrations along 2 cannot be performed synchro- 
nously with vibrations along y or z. This is on the supposition 
that the body is free; but if it be constrained toa line € making 
an angle @ with x, we have : 

T= 3 &(P cos? 8+ Q sin? 0), 
wie be 2 
V Suave 9 ‘3 3 

whence a 
(P cos? 0+ Q sin? 0)E+ pé=0, 

so that the period 7 is 

ama /® cos? + Q sin? 0 

be 
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When @=0, let r=7,; when 0=90°, let r=7,; then 

T°=T? cos? 0+ 72 sin? 0. 

There is, of course, one case which does not bring out the pe- 
euliarity for whose sake the illustration is brought forward, I 
mean when the ellipsoid becomes a sphere. The only effect of 
the fluid is then to retard the motion, just as if the mass of the 
sphere itself had been increased. 

From the problem generally we may infer that there is nothing 
absurd in the idea of an inertia varying with the direction of 
motion, and that the want of symmetry causing double refrac- 
tion may be attributed with as great probability to the dynamical 
as to the statical conditions of the question. We know nothing 
about the real nature of the ether, and, if possible, still less about 
its relations to ponderable matter ; and it is therefore the merest 
assumption to say that the energy of motion within a crystal is 
necessarily a symmetrical function of the velocities of displace- 
ment. But this has virtually been done in all the theories 
hitherto given. I would even go further, and ask whether, when 
we consider the enormous velocity of light and the magnitude of 
the forces which resist distortion, it is not on the whole more 
probable that the relatively considerable effect of ponderable 
matter is due to its action rather on the small quantity (the 
inertia) than on the great quantity (the rigidity) ? 

Instead, then, of assuming for the energy of the medium 

QT = (( (p++ do, 
let us take the most general quadratic function of &, n, § contain- 
ing six constants. Even this form is somewhat restricted ; for it 
may be that the energy cannot be expressed at all as the sum of 
parts corresponding to the various elements of the ether. Ordi- 
nary chromatic dispersion and rotatory polarization, which is a 
phenomenon of the same nature, show that the mutual influence 
of the parts is not restricted to a distance which may be regarded 
as vanishingly small in comparison with the wave-length; and 
although in Cauchy’s theory of dispersion the mutual action is - 
supposed to be of a statical character, yet the fact that there is 
no dispersion in vacuum, when regarded from the point of view 
of the present paper, leads rather to the conclusion that the mu- 
tual influence is dynamical, by which I mean that it would show 
itself in the expression of the kinetic rather than of the potential 
energy. But it will only be following precedents to drop the 
consideration of dispersion in explaining a theory of double re- 
fraction, which may be done consistently by supposing the wave 
very long. 

By a suitable choice of axes the terms involving the products 
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of the velocities may be got rid of, so that 

oT = (1) (pee? + pyr? + p2b?)dv, 
where p,, Py, Pz are positive quantities representing the densities 

corresponding to the three coordinate axes. The expression of 
the potential energy I suppose to be exactly the same as in va- 
cuum; and thus by Lagrange’s general method* we find for the 
equations of motion, 

a*é 2092 
Px Tp —? oe eo 

Py Ti =a? ay a b°Y*n, (1) 

d 
Pz ornate + B76. | 

On account of the incompressibility of fi ether, 6 is very 
small; but it does not follow that the terms containing it are to 
be omitted, for a? is correspondingly great. We may, however, 
write p for a6, and p may then be compared to a hydrostatic 
pressure. The problem of double refraction is solved so soon as 
the laws are known which regulate the possible directions of vi- 
bration and corresponding velocities of propagation for every 
position of the wave-front. 
‘ Let us consider a plane wave whose front is at any time given 
ME 

lx-+my+nz—Vi, 

so that J, m, ” are the direction-cosines of the wave-normal, and 
V the velocity of propagation. Also let 9 denote the actual dis- 
placement in the plane of the wave, and Ay its direction. Thus 

E=20, n= pd, c=v0; 
and 

ao ee, 
Moa Ge = ie + PNVD, | | 

d*0__ d, } eee (.: Py aie = ay PE, (2) 
BO lp ee Gite 

eae =a tb vV 0, ) 

Now let 
é= Geet ates te Na 

? 
p lg ada 8 att 

apa 

where 4 and po are complex constants. On substitution in (2), 
* Thomson and Tait, p.710. Green, Camb. Trans. 1838. 
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AG (V%p,—b*) = — ipol, 
Oy (Vipy—b") = = vom, | (4) 
v0,(V2p,—b?) = —ipon; 

and since /A+myu+nv=0, 
[2 me ne 

V5p,—2 + V2,—8 * V,—B 
or if, as in the ordinary notation, a, 6, ¢ are the principal velo- 
cities of propagation *, 

i 

[2 m2 n 
ee ye Ee SO ° ° e ° ° (5) 

2 og warts. 

The equations determining the directions of vibration are 
pl 1 m/fl 1 nfl 1 

ee e)* er ore ae (6) 
AX+mp+nv=0. 

Equations (5) and (6) constitute the analytical solution of the 
problem. I had originally expected to reproduce in their inte- 
grity the beautiful laws of Fresnel; but a slight examination 
will show that, in order to reconcile 6 "i and (6) with Fresnel’s 
equations, we must write, for V?, a’, L?, 

eevee eee ee al 
Vv? a BB 

respectively. The directions of vibration are parallel to the axes 
of the section of the ellipsoid 

ay? 

at 
by the plane of the wave; and the velocities of propagation are 

_ directly proportional to the lengths of the axes. Accordingly 
the wave-suface is the envelope of planes drawn parallel to the 

2 

2 

ast 

2 
central sections of the ellipsoid ze ++ ue + z =1 at distances di- 

ae eee: 
rectly proportional to the lengths of theaxes. Fresnel’s surface 
is the locus of points situated on the normals to the sections of 
the same ellipsoid and at the same distances. We see, therefore, 
that the new surface is related to Fresnel’s in the following 
way :—Through any point of the latter draw a plane perpendi- 
cular to the line joining it to the centre; the envelope of these 
planes is the former surface. In the principal planes of a biaxal 
crystal the new surface agrees with Fresnel’s as regards the sec- 

* The meaning of 0 is here changed. 
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tion which is a circle; but the other is not atrue ellipse. Within 
a uniaxal crystal one ray always follows the ordinary law. 

In ordinary media the transversal vibrations can be propagated 
without any tendency to produce dilatation (positive or negative). 
But it is not so here. Suppose in our illustration that the centre 
of the ellipsoid is constramed to move in a certain plane. We 
should find two directions of possible vibration and two corre- 
sponding periods, just as for light in a crystal. The question 
presents itself, What in the latter case takes the place of the ex- 
ternal constraint? The resistance of the ether to compression—is 
the answer. Any part of the ether during the passage of a trans- 
verse wave over it tends (except in particular cases) to move nor- 
mally ; but the tendency is shared by all the other parts in the 
same sheet parallel to the wave-front. The motion, therefore, 
cannot be actually performed, because it would involve a com- 
pression of the medium, which by hypothesis requires an infinite 
force. The pressure p, however, is not without effect; for it 
modifies the reflection and refraction when light enters a crystal, 
and it is probably closely connected with the oblique propagation 
of a ray in the interior. The actual direction of a ray is to be 
found from the wave-surface, just as in Fresnel’s theory. 

I had got about as far as this in my original work when, on 
reference to Professor Stokes’s report, I was greatly surprised to 
find allusions to a theory of double refraction mathematically, if 
not physically, identical with that here advanced. After insist- 
ing on the importance of precise measurements, he says :—‘ To 
make my meaning clearer, I will refer to Fresnel’s construction, 
in which the laws of polarization and wave-velocity are deter- 
mined by the sections, by a diametral plane parallel to the wave- 
front, of the ellipsoid 

an? + by24 P21, ... (i) 

where a, b, ¢ denote the principal wave-velocities. The principal 
semiaxes of the section determine by their direction the normals 
to the two planes of polarization, and by their magnitude the re- 
ciprocals of the corresponding wave-velocities. Now a certain 
other physical theory which might be proposed leads to a con- 
struction differing from Fresnel’s only in this, that the planes 
of polarization and wave-velocities are determined by the section, 
by a diametral plane parallel to the wave-front, of the ellipsoid 

RO Mee pee 
t+5+551 .. (2) 

the principal semiaxes of the section determining by their direc- 
tion the normals to the two pianes of polarization, and by their 
magnitudes the corresponding wave-velocities. The law that the 
planes of polarization of the two waves propagated in a given di- 
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rection bisect respectively the two supplemental dihedral angles 
made by planes passing through the wave-normal and thetwo optic 
axes, remains the same as before; but the positions of the optic 
axes themselves, as determined by the principal indices of refrac- 
tion, are somewhat different; the difference, however, is but 
small if the differences between a’, b?, c? are a good deal smaller 
than the quantities themselves. Each principal section of the 
wave-surface, instead of being a circle and an ellipse, is a circle 
and an oval, to which an ellipse is a near approximation. The 
difference between the inclinations of the optic axes and be- 
tween the amounts of extraordinary refraction in the principal 
planes, on the two theories, though small, are quite sensible 
in observation, but only on condition that the observations are 
made with great precision. We see from this example of what 
sreat advantage for the advancement of theory observations of 
this character may be.” 

And again :— 
“The curious and unexpected phenomenon of conical refraction 

has justly been regarded as one of the most striking proofs of 
the general correctness of the conclusions resulting from the 
theory of Fresnel. But I wish to point out that the pheno- 
menon is not competent to decide between several theories lead- 
ing to Fresnel’s construction as a near approximation. .... We 
see, therefore, that the limitation of the number of tangent 
planes to the wave-surface which can be drawn in a given direc- 
tion on one side of the centre to two, or at the most three, is 
intimately bound up with the numberof dimensions of space ; 
so that the existence of the phenomenon of internal conical re- 
fraction is no proof of the truth of the particular form of wave- 
surface assigned by Fresnel rather than that to which some 
other theory would conduct. Were the law of wave-velocity ex- 
pressed, for example, by the construction already mentioned 
having reference to the ellipsoid (12), the wave-surface (in this 
case a surface of the 16th degree) would still have plane curves 
of contact with the tangent-plane, which in this case also, as in 
the wave-surface of Fresnel, are, as I find, circles, though that 
they should be circles could not have been foreseen. 

“‘ The existence of external conical refraction depends upon the 
existence of a conical point in the wave-surface, by which the inte- 
rior sheet passes to the exterior. The existence of a conical point 
is not, like that of a plane curve of contact, a necessary property 
of a wave-surface. Stillit will readily be conceived that if Fresnel’s 
wave-surface be, as it undoubtedly is, at least a near approxima- 
tion to the true wave-surface, and if the latter have, moreover, 
plane curves of contact with the tangent plane, the mode by 
which the exterior sheet passes within one of these plane curves 
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into the interior will be very approximately by a conical point ; 
so that in the impossibility of operating experimentally on mere 
rays the phenomena will not be sensibly different from what 
they would have been had the transition been made rigorously 
by a conical point.” | 

Between the theory here advanced and that of Fresnel obser- 
vation ought to decide; but it does not appear that any experi- 
ments hitherto made are competent to do so. As Professor 
Stokes points out, all the measurements which are to be com- 
bined in one calculation should refer to the same specimen of the 
crystal; otherwise an element of uncertainty is introduced suffi- 
cient to render the application of the test ambiguous. Should 
the verdict go against the view of the present paper, it is hard 
to see how any consistent theory is possible, which shall embrace 
at once the laws of scattering, regular reflection, and double 
refraction. 3 

LXVI. Bozling-points of Organic Bodies. 
By ¥. Burpen, Esq.* 

een it was observed that the boiling-points of each homo- 
logous series of organic bodies was higher for every addition 

to the substance of CH?, several continental chemists (but espe- 
cially M. Kopp) have tried to discover the law which connects 
the boiling-point with the composition. No proportionate rela- 
tion has yet been found to connect different series; and yet I 
believe I can show that the greater number of those organic 
bodies which contain only carbon, hydrogen, and oxygen obey a 
law of great generality and simplicity, and that there are reasons 
for believing that further experiments will reduce the number o 
exceptions. ! 

It has been calculated by Joule and Clausius, on the hypo- 
thesis of a motion of translation in gaseous molecules, that the 
velocity of the atoms of hydrogen necessary to balance a pres- 
sure of 15 lbs. per square inch at the temperature of 0° C. is 
6050 feet per second. And it has been assumed by them, on 
mechanical grounds, and verified experimentally by Graham, that 
the product of the specific gravity of any gas upon the square of 
the velocity is a constant, under the same circumstances of tem- 
perature and pressure. As the specific gravity of hydrogen is 
taken as unity, this constant must be 36,602,500. The velocity 
of the molecules of any vapour at O° C. can therefore be obtained 
by dividing this constant by the specific gravity and extracting 
the square root. In this way was calculated the fourth column 
of the accompanying Tables. 

It has been further deduced from known laws that this velocity 
* Communicated by the Author. 
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is increased by 51, of the velocity at O° C. for each degree the 
vapour is raised above this point. Therefore the velocity of 
the molecules of any vapour at its boiling-point may be calcu- 
lated by dividing the number in the fourth column by 273, mul- 
tiplying the quotient by the number which indicates the boiling- 
point, and adding the result to the number in the fourth column. 
By this means were obtained the numbers in the sixth column 
of the Tables. 

A comparison of the Tables for paraffins, olefines, aromatic 
and other hydrocarbons, and the ethers (simple, mixed, and com- 
pound) shows such a uniformity as clearly indicates a law. The 
very small difference is less than might have been expected from 
the difficulties in the way of obtaining the exact boiling-points. 

The law which I would deduce from these results may be ex- 
pressed thus:—When any hydrocarbon or oxygen ether in a 
state of vapour, under a barometric pressure of 760 millims., is 
gradually cooled until the velocity of its molecules is reduced to 
1140 feet per second, then, and not till then, has the force of 
cohesion power to condense it into a liquid. - 

It is an easy algebraical deduction from this that the boiling- 
point of any of these bodies may be found by multiplying the 
square root of the specific gravity by a constant which I have 
calculated at 51°5, and deducting 273°; and whatever may be 
thought of the hypothesis by which I have endeavoured to con- 
nect the facts with molecular theories, the fact remains that by 
this formula a Table of boiling-points for these bodies may be 
constructed which will not differ from the results of experiment 
more than these differ from one another. As a proof of this, I 
have added a number of supplemental Tables, in which the cal- 
culated boiling-points are compared with those observed by the 
experimenter whose name follows. 

The remaining Tables show a considerable difference from 
these results. The alcohols and acids especially give a much 
higher velocity at their boiling-points. There are grounds for 
believing, however, that these series are not so exceptional as 
they at first appear. M. Bineau, in a paper in the Comptes 
Rendus, states that the acids belonging to the series H C"H@"?— OQ? 
exhibit a remarkable variation in the volume of vapour which 
they furnish at different temperatures. Thus formic acid at its 
boiling-point has a specific gravity of 46 in place of 23, and re- 
gains its proper bulk only at a temperature of 213°. Acetic 
acid at its boiling-point has a specific gravity of 57 instead of 30. 
If we make the alteration required by these facts in the Table for 
acids, formic acid will show at its boiling-point a velocity of 
1160 feet, and acetic acid a velocity of 1134 feet per second. 

The experiments of M. H. Herwig show that ethyl alcohol 
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also possesses an exceptional density ; but as the published ac- 
count of these experiments gives the results only at low pres- 
sures, ] am unable to make the same correction as in the case of 
the above-mentioned acids; 

TABLE A.—Parafiins. 

fyi beens opty »- | Velocity 
: ., | Specific | Velocity | Boiling- eS" he 

Name. Formula. : iS : at boiling 
| gravity. | at 0°. | point. some 

; ° 

Quartanel occ. .0cenascterencs|y OU aay. bik, eo 1124 | above 0} 1136 
Gumitane’o.6e7 osseet creas err 36 1008 30 1119 
WExGhile Va Fe. Ue Co. HY 43 922 68 1152 
Ne prane 2. 54ies ade vte cre ce ¢™ Hie 50 855 92 1143 
UE ET SEIS il aad ape he ( Oiae Fi 37 801 116 1142 
Menane (fee Nee secant (Opt @ Es 64 756 138 1136 
Decane 1s... (NIM LG. Ct TE? 71 718 162 | 1142 
Undecane } x... heb ces sass CORUA se 78 692 182 |} 1149 
Duodecane . .-. 0.0.0. 0..02; eel Ges Ee 85 657 200 1137 
“pal G2 fet etip ee is etaardentaes Mi Ogre! 5 ae 92 633 218 | 1143 
Quatuordecane :.........0.... @14 0 99 602 240 1132 
Quindecane o.oo) .ii tes CH | 106 584 258 1130 

Mean velocity 1138 feet per second: 

TaBLie B.—Olefines. 

Siarcener tc ot 1155 C H® 28 1143 3 
Quintene ....:20.. yey Peed ©) He 35 1022 35 1153 
SEXCOME osescecdnars. Mesgehs dae Cc® H 42 932 68 1164 
DE PGONE: ci 84) con Ssvnsaiseniahics Ci HY 49 $64 95 1163 
CHEE Gre. eects nec naeenen Wee Co He 56 807 115 1152 
Nomene’ 0.255.051. uN as.5: oe 63 762 140 1154 
Decene isda cacetis Messe: G Hee 70 723 160 1147 

| Sexdecene ..............-+0004 Ch? He? aN 573 275 | 1150 

Mean velocity 1155 feet per second. 

TasBie C.—Other Hydrocarbons. 

Gnimine 245... Ci 1160 1s fee 
Quinting 905,306 28N04.. e@ He | 34 | 137 45 | 1208 

PNOKGMIC |) Ccadieiahis, cued haere «as CS IO i AE obey f@AD 58 | 1150 
Quintana Sct ica: says | C> He 33 |. : 1053 50 | 1144 

-Terebenthine............... jt CEE 68 res in ee () | 1165 | 
» Metaterebenthine ............ G?° He? | 136 520 | 3860 1204 

Mean velocity 1182 feet per second. ; 

Taste D.—Aromatie Hydrocarbons. 

Benzine .......- Ae Ph Sean cé Hs | 39 968 83 | 1259 
‘POWIGNE, w.- cs. ccceneseee toes ike ek 46 892 111 1258 
Nyleti@ 4.680. e. 002s. C8 HY] 53 830 139 | 1253 
Cuamene! o:c..8. 022i sae) @® 2 60 781 152 1213 
CYMVENE 02 <5 sxieine ede meaheees Cn 67 Gane che: Saleen 1211 
AmylDenzine ... 8 wean cxcyes GH 74 703 195 1265 

Mean velocity 1243 feet per second. 
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Taste E.—Simple Ethers. 

Velocity 
Name. Formula. cha ‘Seat Boiling. at boiling- 

6 y peat point. 

Methyl ether .......0...00000.. C2 He O| 23 1264 | —21 | 1168 
Methylethyl ether ......... GP He 30 1099 1] 1143 
BiGyPetheT »..5....<-0scaenes- Oretal s yy @) 37 990 34 1112 

_| Methylamy] ether ............ CeoHO')), 44 909 72 1149 
Ethyltetryl ether ............ C’H“O| 51 845 80 | 1093 
Ethylamyl ether ............ Cron 58 794 112 1119 
Wermyl ether <.0.........02+5 o> He oT 65 Doubtful | 
PUMEVICHHED. cc. .seeccescesess (Ge H240) 79 680 183 11385 

Mean velocity 1131 feet per second. 

Taste F.—Methylic Ethers. 

Methyl formiate .....ece.5.. C2H* 02) 30 1099 33 | 1232 
acetate ....0...vs.. C?H® 02) 37 996 60 | 1215 
y | «propionate .....s:5.%.. C+H® 07} 44 909 Unknown. 
»  butyrate......... vez..(C° H 02} 5T 845 102 1161 
PRE MICERG ceesseccssse710° HI O27}. 58 794 116 1131 

Mean velocity 1185 feet per second. 

Taste G.—Ethylic Ethers. 

Ethyl formiate ....:.......0. CHE O| 37 996 53 1189 
Pi aeclate. gc <..c3--.sen2-- C+ H? 0} «44 909 Pe le We 
qe) propionate .}...2..... G? HA2O7, <51 845 101 1158 
- butyrate ae, eh ae O° Hi207| 58 794 119 1119 
BPUNALEFAbe re: .. 002. .cnndes. Cc’? H“0O7 65 750 132 1113 
PEA CAMEOQUG | ...02-.cececves G? B02 22 713 162 1129 
», pelargonate ............ C1 H2207} 93 627 224 1142 

Mean velocity 1140 feet per second. 

Tasie H.—Other Ethers. 

Propyl acetate ........2..04.. G2 EET O2) +5} 845 90 | 1124 
Propy! butyrate....:...20.2... CHE OA 6a 750 130 1108 
Butyl formiate: ....:...5:%2... @° He8 07) (bk 845 100 1155 
Butyl acetate ::.........00... Cc® HO?) 58 794 114 1127 
Octyh acetate ts:....3...c47... OQ He® 07. 86 652 193 1112 
Ethyl lauratess:....3...0862... O“ HO?) bie 566 269 1125 

Mean velocity 1125 feet per second. 

Taste I.—Compound Ethers. 

Amy] formiate ............... Se CEL Sie hind doaresai in aes he iri 
PRC EE AGE Goes ect oc texas sss CLE O77, 6-07 738 138 1111 
Er DLOpIONALE, 26s vac nsss. Ga Os ee aes 155 1102 

Mtl VALCERUS canis cesinonnwns ess Cone O77 8s 645 190 1188 
MUP CADTOMLE) s.ctescodacsess Gee O7) 795 620 211 1100 
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Taste K.—Anhydrides. 

| Velocity 
Specific | Velocity | Boiling- “10 

Name. Formula. 5 at boiling- 
ane gravity. | at 0°. | point. aoete 

Acetic anhydride ...... Sy cines C4 H& O07} 51 845 137 1270 
Propionic anhydride ...... C® H’°O?| = 65 750 169 1218 
Butyric anhydride............ CoO 7a 680 190 1155 
Valeric anhydride ............ C°H8 O3} 93 627 215 1121 
Caprylic anhydride ......... C16H?° O83} 135 520 290 1071 

Mean velocity 1167 feet per second. 

Taste L.—Aldehydes. 

Acetic aldehyde .........-...-0- C? HAO} . 22 1290 21 1389 
Propionic aldehyde ......... C? H® O| 29 1124 55 1351 
Butyric aldehyde ............ C4 H® O|} «386 1008 68 1260 
Valeric aldehyde ............ C? H*°O| 43 922). ge 1226 
Cnanthylic aldehyde......... C7 H¥*O| = 57 801 155 1255 
Caprylic aldehyde ............ C8 HO; 64 756 171 1226 
Rutic aldehyde ............... CY HO; 78 692 230 1276 

Taste M.—Alcohols. 
be) 

Methyl alcohol ............... C Ht O 16 1512 61 1848 
Ethyl alcohol.......... Rinses C?7H® O; 23 1264 78 1623 
Propyl alcohol ....¢-vssgeces- C?H® O} 30 1099 96 1488 
Butyl alcohol ¢.)...8;.¢terenss- C*#H*’O| 37 996 |; 109 1392 
Any alcohol 230) scasccscss ne C°H"?O| 44 909 130 1300 
Hexy] acohol ...........scee00 C°H“O; 51 845 148 1304 
Heptyl alcohol ............... C7H'*O| 58 794 178 1307 
Octyl alcohol ..................| C@3H'%O} © 65 750 182 1251 

TasLe N.—Acids. 

HOEMIC CIA © sac aereccewacnces C H2 O07; 28 1264 100 1726 
INCELIG ACIG fon ccasicsiecneckes uae C2H4 O7/ 30 1099 116 1567 
Propionic acid ............08- CH? O21 37 996 142 1516 
Butyric AClOY <....scc-cssee.--- C4H® 07} 44 909 156 1377 
Walenie acid)! ii..0..0s.eensen C°H!O?) “51 845 175 1387 
Caproic acid: 4..2.)...20,000. C°H!?0?7| 58 794 198 1370 
(nanthylic acid............... CUB" O@2) > '65 750 218 1350 
Caprylic'acid! 23. ..0.0..aeack- =. C2 HT OF) > 72 713 236 1326 
Pelargonic acid ............56- CH O27. 79 680 260 1330 

Mean velocities. 

Paratlins) :acdecansocecass .. 1138 feet per second. 
Olefines') c.ccnc.acees iota JLOD 9 
Other hydrocarbons ...... 1182 “ 
Aromatic hydrocarbons... 1243 y 
Simple ethers ........... Lidl 4 
Methylic ethers........ wee 1185 Es 
Ethylic ethers ...... ep oH) 5 
Other ethers ...... Sasauescop delice i 
Compound ethers........ . 1128 - 
Anhydrides eoeeerteooceseee 1167 2? 
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Supplemental Tables, containing the Calculated with the Ob- 
served Boiling-points. 

TasBLE P.—Paraffins. 
—_—_—_. 

Sanpete Calculated| Observed 
Name. Formula.| °P it boiling- boiling- Observer. 

ag ty point. point. 

° fo) sf Aas 

Quartane............ U4 we | 29 4 _|Alittle above is Seneca 
Quimtane............ Ce. 1 36 36 30° a 
Sestine)......-.....| C& H* 43 65 65 = 
Neptane ............ Or He 50 91 92 % 
Os 7a GC? Hee 57 116 116 as 
MOBBHE ..:-..-..+-»| C? H?° 64 141 138 2 
MFCEAGE osc neonians Cr? 71 161 162 ds | 
Undecane ........: Shans Gn 78 182 182 - | 
Duodecane ......... Cee le a 85 202 200 pr 
Tridecane’ ......... Cc? H? 92 221 218 - 
Quatuordecane ...| C’* H*° 99 239 240 i“ 
Quindecane ...... He 106 257 258 nh | 

TaBLe Q.—Olefines, 

Giarene ....:.... CM 6 28 0 3 3 | 
Quintene............ GC He] 32 32 35 ss | 
Bextege...,...-..: oo Tre 42 61 68 Bs | 
Septene ............ Cy Hn" 49 &8 95 oe 
Qetene eo. .s.. 0. ee) Fee 56 112 115 “ss 
Moneme™s::t:......:| C°- H'* 63 136 140 ne | 
Wecene® s.cses.o%00- Chet’ 70 158 160 SH 
Sexdecene ......... Git Hs? 4 DIZ 2738 275 a 

Tanin R.—Simple Ethers. | 
Methyl ether ...... Cer Ho Ol... 525 — 26 —21 Berthelot, 
Methylethyl ether.|\C? H® O| 30 9 11 Williamson. | 
Ethyl ether......... C4 HO! 37 40 36 Gay-Lussae. | 
Methylamy) ether.J\C? H'?0| 44 68 72 Williamson. | 
Ethyltetryl ether.jC° H'4O| 51 95 80 Wurtz. | 
Ethylamyl ether...,\C7 H’®O| 58 118 112 Williamson. 
Tetryl ether ...... Co F270) (165 142 Doubtful. 
Amy] ether,........ CG) A220)». 79 184 182 | Rieckher. 

TasLe 8.—Methylic Ethers. 

Methyl formiate ...\C? H* 02/ 30 9 | 33° | Andrews, 
sy racetate ..:\C? Hty0? 37 40° <4) 55 Andrews. 
»» propionate |C*+H® O?; 44 68 Unknown. 
ea uutyrate ... (0° WH O2)" 61 95 95 Kopp. 
» valerate ....C°H"0?] 58 | 118 116 | Kopp. 

Phil. Mag. 8.4. No. 276. Suppl. Vol. 41. 2N 
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TaBie T.—KEthylic Ethers. 

Caleulated| Observed ° 

Name. Formula. SE cone boiling- boiling- Observer. 
Sravity- | point. point. 

x ; 
Ethyl formiate ...|C? H® 02) 37 40 | 53 {apenas 

op. WaCetaLe.t6.<,. C4 H8 OF 8644 68 74 Kopp. 
»» propionate .|C° H'°O?| 41 95 96 Kopp. 
» butyrate ....\C° H!?07} 58 TTS 119 Pierre. 
»» valerate ¥...C’ HQ?) 65 142 134 Berthelot. 
»»  eaproate ,,.|C° H'°O?) 72 164 | 162 Fehling. 
»» pelargonate./C''H O07} 93 224 | 224 Delffs. 

TasBLe V.—Other Ethers. 

Propyl acetate ...|C> H!°02) 51 © 95 90 Berthelot. 
Propyl butyrate...|C’ H'40?} 65 142 130 Berthelot. 
Butyl formiate ...,\C° H’°O?)} 51 95 100 Wurtz. 
Butyl acetate...... C§ H”? 02) 58 119 114 Wurtz. 
Octyl acetate ...... CRECTO2h “86 204 193 Bouis. 
Ethyl laurate...... C4H 02, 114 277 269 Delffs. 

| 

Taste W.—Compound Ethers. 

Amyl formiate ...|\C° H’?O7| 60 126 116 Kopp. 
Sh aGOtALE Rocce? C7 H402| 67 149 137 Kopp. 
»» propionate .|C? H?°O?} 74 170 about 155 | Wrightson. 
» valerate ...|C?°H?°O2} 88 210 189 Kopp. 
yy Capreate ...(\C)H??,07) 095 229 211 Brazier. 

LXVII. Note on the Geodesic Lines on an Ellipsoid. 
: By Professor Caytey, F.R.S.* 

HE general configuration of the geodesic lines on an ellip- 
soid is established by means of the known theorem) an 

immediate consequence of Jacobi’s fundamental formule, but 
which was first given by Mr. Michael Roberts, Comptes Rendus, — 
vol. xxi. p. 1470, Dec. 1845) that every geodesic line touches: 
a curve of curvature ; that is, attending to the two opposite ovals 
which constitute the curve of curvature, the geodesic line is in 
general an infinite curve undulating between these opposite ovals, 
and so touching each of them an infinite number of times (but 
possibly in particular cases it is a reentrant curve touching each 
oval a finite number of times). The geodesic lines thus divide 
themselves into two kinds, accordingly as they touch a curve of 
curvature of the one or the other kind; and there is besides a 

* Communicated by the Author. 
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third limiting kind, the lines which pass through an umbilicus: 
any such geodesic line passes through the opposite umbilicus, 
and is in general an infinite curve passing an infinite number of 
times alternately through the two umbilici; but possibly it is in 
particular cases a reentrant curve passing a finite number f 
times through the two umbilici. I annex a figure giving a 
general idea of the configuration of the geodesic lines drawn in 
different directions from a given point P on the surface of the 
ellipsoid: this is drawn (as it were) on the plane of the greatest 
and least axes; but it is not a perspective or geometrical repre- 
sentation of any kind, but a mere diagram for the purpose in 
question. We have A, A, B, C, C the extremities of the axes; 
‘U,, U., Us, U, the umbilici; P the point on the surface; 1 P2 
and 1 P 4 the curves of curvature through P, viz. these are ovals 
containing the umbilici U,, U. and U,, U, respectively. Then 
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U,PU, and U,P U, are the limiting geodesics passing through th 
umbilici; the line TPT’ represents a geodesic line of the one 
kind, viz. this at T touches an oval (curve of curvature) U, U,, 
and at T’ the conjugate oval U, U3. Similarly SPS! is a geo- 
desic line of the other kind, viz. this at S touches an oval (curve 
of curvature) U, U,, and at 8! the conjugate oval U,U,; the 
dotted figure-of-eight curves are the loci of the points of con- 
tact 1. T’, S,N!. 

2N2 
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LXVIII. Notices respecting New Books. 

The Meteoric Theory of Saturn’s Rings considered with reference to 
the Solar Motion in Space, also a paper on the Meteoric Theory of 
the Sun. By Lieut. Aueusrus Morse Daviss, B.A., R.A., fc. 
Longmans, 1871. 

HIS work, illustrated by nimeteen plates, is, as its title imports, 
nearly pure theory. Based upon the assumption, which the 

author considers he is justified ‘‘in making of the solar motion being 
in reality a curve,” he builds up his theory of the rings of Saturn 
having resulted from the planet arresting groups of meteors which 
it encountered as they descended towards the sun. 

The work is divided into sections, the first containing brief notices 
of the successive theories which have been broached from the time 
of Maupertius to that of Proctor, three hypotheses having been sub- 
mitted, viz. the solid, the fluid, and the satellitic. Im connexion 
with the last, Lieut. Davies has the following remark :—‘ I have 
thus far attempted to sketch very briefly the satellite theory of 
Saturn’s rings; and here the question naturally arises, Whence has 
this vast cloud of minute satellites been drawn, and how has it heen 
subjected to Saturn’s dominion? Has Saturn always been attended 
by these magnificent rings, or has some fortuitous encounter with 
space-wandering meteors enabled it, at some remote period, to enrich 
the splendour of its eight-mooned orb?” The remaining portion of 
the section is occupied with considerations tending to show that, of 
the four large and exterior planets, Saturn is more favourably situ- 
ated for arresting and retaining groups of meteors than either Jupiter, 
Uranus, or Neptune. 

In Section II. Lieut. Davies proceeds to determine the absolute 
path of Saturn in space upon the assumption of the solar curve, and 
chooses for the epoch that in which the major axis and the line of 
the solar motion lie in the same vertical plane, the result of his cal- 
culations being that Saturn’s motion in space is always in the same 
direction as the sun’s. 

Section III. contains the geometrical interpretation of the result 
obtained in the preceding section, from which it appears that the 
four exterior planets trace out progressive spirals in space. 

In Section IV. the author arrives at the conclusion that if an 
encounter with meteors has occurred, Saturn, of all the planets, 
would be most likely to accumulate them as a ring system. 

Section VI. contains the investigation of the circumstances of the 
attachment of the meteors to the Saturnian system, from which 
Lieut. Davies finds that, at a point 59,000 miles from the centre of 
Saturn, the velocity of the meteors is about 61,592°4 miles per hour. 
“Hence,” he says, ‘‘if we subtract from this their velocity in com- 
mon with Saturn in a direction at right angles to their motion at 
this point, we shall have 33,378°66 miles per hour for the velocity 
of the meteors at that point in their orbit round Saturn, their cal- 
culated velocity being 33,714°3 miles per hour. ‘This is, I think, 
conclusive as to the meteoric origin of the rings.” 
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Having arrived at the conclusion that Saturn’s rings originated 
from an encounter of the planet with a group of meteors, the author 
seeks for information relative to the period of attachment. He con- 
ceives that the Saturnian meteors, and those now composing the 
zodiacal light, entered the solar system together, at a period con- 
siderably anterior to that of the sun’s first luminosity, but not much 
anterior to the earth’s early fluid state. ‘‘ Geologists,” he says, 
** have given the duration of the period throughout which the earth 
has borne living species, variously from one to nine millions of years. 
We may therefore conclude that the formation of Saturn’s meteoric 
rings has occurred not much more recently than two millions of 
years ago, and probably at a date not very much more remote than 
nine millions of years. The earth’s original fluid state was probably 
owing to a meteoric storm due to the entry of the meteors into the 
solar system.” | 

To the meteoric theory of Saturn’s rings is appended a paper on 
the meteoric theory of the sun, in which the author considers that 
the source of energy from which solar heat is derived is undoubtedly 
meteoric, and that the solar spots result from the absence of me- 
teoric streams falling into the sun, which make themselves manifest 
as ‘‘ willow leaves,’’—also that the periodicity of sun-spots is accounted 
for by a periodicity of the meteoric flights, fewer meteors falling on 
the sun during the maximum period of spots. 
We have in the preceding paragraphs endeavoured to give a faith- 

ful analysis of the work before us. With regard to the assumption 
on which the author’s conclusions are based, we leave it with his 
readers to exercise their own judgment. Mr. Proctor has lately 
broached a theory of solar eruption, in which he considers that the 
solar coronal matter consists of meteors ejected from the sun, and 
rushing through the photosphere with a velocity of 200 miles a second, 
the initial velocity (generated at a point far below the photosphere) 
being not less than 300 miles a second. Lieut. Davies speaks of 
the probable velocity of a meteor falling into the sun from space 
just prior to its final dissipation on the surface as ranging from 
246 to 390 miles a second. The two theories are now before the 
public, and will doubtless furnish material for further and closer 
investigation. , 
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January 19, 1871.—General Sir Edward Sabine, K.C.B., President, 
in the Chair. 

| aap following communications were read :— 
“« Modification of Wheatstone’s Bridge to find the Resistance 

of a Galvanometer-Coil from a single deflection of its own needle.” 
By Prof. Sir William Thomson, F.R.S. 

In any useful arrangement in which a galvanometer or electrometer 
and a galvanic element or battery are connected, through whatever 
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train or network of conductors, let the galvanometer and battery be 
interchanged, another arrangement is obtained which will probably 
be useful for a very different, although reciprocally related object. 
Hence, as soon as I learned from Mr. Mance his admirable method 
of measuring the internal resistance of a galvanic element (that de- 
scribed in the first of his two preceding papers *), it occurred to me 
that the reciprocal arrangement would afford a means of finding the 
resistance of a galvanometer-coil, from a single deflection of its own 
needle, by a galvanic element of unknown resistance. The resulting 
method proves to be of such extreme simplicity that it would be in- 
credible that it had not occurred to any one before, were it not that 
I fail to find any trace of it published in books or papers, and that 
personal inquiries of the best-informed electricians of this country 
have shown that, in this country at least, it is a novelty. It consists 
simply in making the galvanometer-coil one of the four conductors of 
a Wheatstone’s bridge, and adjusting, as usual, to get the zero of 
current when the bridge-contact is made—with only this difference, 
that the test of-the zero is not by a galvanometer in the bridge 
showing no deflection, but by the galvanometer itself, the resistance 
of whose coil is to be measured, showing an unchanged deflection. 
Neither diagram nor further explanation is necessary to make this 
understood to any one who knows Wheatstone’s bridge. 

‘On a Constant Form of Daniell’s Battery.’’? By Prof. Sir William 
Thomson, F.R.S. 

Graham’s discovery of the extreme slowness with which one liquid 
diffuses into another, and Fick’s mathematical theory of diffusion, 
cannot fail to suggest that diffusion alone, without intervention of a 
porous cell or membrane, might be advantageously used for keeping 
the two liquids of a Daniell’s battery separate. Hitherto, however, 
no galvanic element without some form of porous cell, membrane, or 
other porous solid for separator, has been found satisfactory in practice. 

The first idea of dispensing with a porous cell, and keeping the twe 
liquids separate by gravity, is due to Mr. C. F. Varley, who proposed 
to put the copper plate in the bottom of a jar, resting on it a saturated 
solution of sulphate of copper, resting on this a less dense solution of 
sulphate of zine, and, immersed in the sulphate of zinc, the metal zinc 
plate fixed near the top of the jar. But he tells me that batteries on 
this plan, called “gravity-batteries,” were carefully tried in the late 
Electric and International Telegraph Company’s establishments, and 
found wanting ineconomy. The waste of zinc and of sulphate of cop- 
per was found to be more in them than in the ordinary porous-cell bat- 
teries. Daniell’s batteries without porous cells have also been tried in 
France, and found unsatisfactory on account of the too free access of 
sulphate of copper to the zinc, which they permit. Still, Graham’s 
and Fick’s measurements leave no room to doubt that the access of 
sulphate of copper to the zinc would be much less rapid, if by true dif- 
fusion alone, than it cannot but be in any form of porous-cell battery 
with vertical plates of copper and zinc opposed to one another as are 
the ordinary telegraphic Daniell’s batteries which Mr. Varley finds 

* Phil. Mag. April 1871, pp. 314, 318. 
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superior to his own “ gravity-battery.”” The comparative failure of 
the latter, therefore, must have arisen from mixing by currents of the 
liquids. All that seems necessary, therefore, to make the gravity-bat- 
tery much superior instead of somewhat inferior to the porous-cell 

_ battery, is to secure that the lower part of the liquid shall always remain 
denser than the upper part. In seeking howito realize this condition, it 
first occurred to me to take advantage of the fact that saturated solu- 
tion of sulphate of zinc is much denser than saturated solution of sul- 
phate of copper. It seems* that, at 15° temperature, saturated aqueous 
solution of sulphate of copper is of 1°186 sp. gr., and contains in ever 
100 parts of water 33:1 parts of the crystalline salt, and that at 15° the 
saturated solution of sulphate of zinc is of sp. gr. 1:44 and contains 
in every 100 parts of water 140°5 parts of sulphate of zinc—both 
results being from Michel and Krafft’s experiments+. Hence I 
made an element with the zinc below, next it saturated solution of 
sulphate of zinc, gradually diminishing to half strength through a 
few centimetres upwards, saturated sulphate of copper resting on 
this, and the copper plate fixed above in the sulphate-of-copper 
solution. In the beginning, and for some time after, it is clear that 
the sulphate of copper can have no access to the zinc otherwise than 
by true diffusion. I have found this anticipation thoroughly realized 
in trials continued for several weeks; but the ultimate fate of such 
a battery is that the sulphate of zinc must penetrate through the 
whole liquid ; and then it will be impossible to keep sulphate of cop- 
per separate in the upper part, because saturated solution of sulphate 
of zinc certainly becomes denser on the introduction of sulphate of 
copper to it. To escape this chaotic termination I have introduced 
a siphon of glass with a piece of cotton-wick along its length inside 
it, so placed as to draw off liquor very gradually from a level some- 
what nearer the copper than the zinc—and a glass funnel, also pro- 
vided with a core of cotton wick, by which water semisaturated with 
sulphate of zinc may be continually introduced at a somewhat lower 
level. A galvanic element thus arranged will undoubtedly continue 
remarkably constant for many months; but it has one defect, which 
prevents me from expecting permanence for years. The zinc being 
below, must sooner or later, according to the less or greater vertical 
dimensions of the cell, become covered with precipitated copper from 
the sulphate of copper, which finds its way (however slowly) to the 
zinc. On the other hand, if the zine be above, the greater part of 
the deposited copper falls off incoherently from the zinc through the 
liquid to the copper below, where it does no mischief, provided always 
that the zinc be not amalgamated—a most important condition for 
permanent hatteries, pointed out to me many years ago by Mr. Var- 
ley. Placing the zinc above has also the great practical advantage 
that, even when after a very long time it becomes so much coated 
with metallic copper as to seriously injure the electrical effect, it 
may be removed, cleaned, and replaced without otherwise disturbing 

* Storer’s Dictionary of Solubilities of Chemical Substances, Cambridge, 
Massachusetts: Sever and Francis, 1864. 

t Ann. Ch, et Phys. (3) vol. xli. pp. 478, 482: 1854. 
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the cell ; whereas if the zinc be below, it cannot be cleaned without 
emptying the cell and mixing the solutions, which will entail a re- 
newal of fresh separate solutions in setting up the cell again. I have 
therefore planned the following form of element, which cannot but 
last until the zinc is eaten away so much as to fall to pieces, and 
which must, I think, as long as it lasts, have a very satisfactory de- 
gree of constancy. 

The cell is of glass, in order that the condition of the solutions 
and metals which it contains may be easily seen at any time. It 
is simply a cylindrical or rectangular jar with a flat bottom. It 
need not be more than 10 centimetres deep; but it may be much 
deeper, with advantage in respect to permanence and ease of ma- 
nagement, when very small internal resistance is not desired. A disk 
of thin sheet copper is laid at its bottom. A properly shaped mass 
of zinc is supported in the upper part of the jar. A glass tube (which 
for brevity will be called the charging-tube) of a centimetre or more 
internal diameter, ending in a wide saucer or funnel above, passes 
through the centre of the zinc, and is supported so as to rest with its 
lower open end about a centimetre above the copper. A glass siphon 
with cotton-wick core is placed so as to draw liquid gradually from 
a level about a centimetre and a half above the copper. The jar is then 
filled with semisaturated sulphate-of-zinc solution. A copper wire 
or stout ribbon of copper coated with india-rubber or gutta percha 
passes vertically down through the liquid to the copper plate below, 
to which it is riveted or soldered to secure metallic communication. 
Another suitable electrode is kept in metallic communication with 
the zinc above. To put the cell in action, fragments of sulphate 
of copper, small enough to fall down through the charging-tube, 
are placed in the funnel above. In the course of a very short time 
the whole liquid below the lower end of the charging-tube becomes 
saturated with sulphate of copper, and the cell is ready for use. It 
may be kept always ready by occasionally (once a week for instance) 
pouring in enough of fresh water, or of water quarter saturated with 
sulphate of zinc at the top of the cell, to replace the liquid drawn 
off by the siphon from near the bottom. A cover may be advan- 
tageously added above, to prevent evaporation. When the cell is 
much used, so that zinc enough is dissolved, the liquid added above 
may be pure water; or if large internal resistance is not objected to, 
the liquid added may be pure water, whether the cell has been much 
used or not; but after any interval, during which the battery has 
not been much in use, the liquid added ought to be quarter-sa- 
turated, or even stronger, solution of sulphate of zine when it is 
desired to keep down the internal resistance. It is probable that one 
or more specific-gravity beads kept constantly floating between top 
and bottom of the heterogeneous fluid will be found a useful adjunct, 
to guide in judging whether to fill up with pure water or with sul- 
phate-of-zinc solution. They may be kept in a place convenient for 
observation by caging them in a vertical glass tube perforated sufli- 
ciently to secure equal density in the horizontal layers of liquid, to 
be tested by the floaters. 
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An extemporized cell on this plan was exhibited to the Royal 
Society ; and its resistance (measured as an illustration of Mance’s 
method, described in the first of his two previous communications) 
was found to be *29 of an Ohm (that is to say, 290,000,000 centi- 
metres per second). The copper and zinc plates of this cell, being 
circular, were about 30 centimetres in diameter, and the distance 
between them was about 7°5 centimetres. A Grove’s cell, of such 
dimensions that forty in series would give an excellent electric light, 
was also measured for resistance, and found to be ‘19 of an Ohm. 
Its intensity was found to be 1°8 times that of the new cell, which 
is the usual ratio of Grove’s to Daniell’s ; hence seventy-two of the 
new cells would have the intensity of forty of Grove’s. But the re- 
sistance of the seventy-two in series would be 209 Ohms, as against 
76 Ohms of the forty Grove’s; hence, to get as powerful an electric 
light, threefold surface, or else diminished resistance by diminished 
distance of the plates, would be required. How much the resist- 
ance may be diminished by diminishing the distance rather than 
increasing the surface, it is impossible to deduce from the experiments 
hitherto made. | 

Two or three cells, such as the one shown to the Royal Society, 
will be amply sufficient to drive a large ordinary turret-clock with- 
out a weight; and the expense of maintaining them will be very 
small in comparison with that of winding the clock. The prime cost 
of the heavy wheelwork will be avoided by the introduction of a 
comparatively inexpensive electromagnetic engine. For electric bells, 
and all telegraphic testing and signaling on shore, the new form of 
battery will probably be found easier of management, less expen- 
Sive, and more trustworthy than any of the forms of battery hitherto 
used. For use at sea, it is probable that the sawdust Daniell’s, first 
introduced on board the ‘Agamemnon’ in 1858, and ever since 
that time very much used both at sea and on shore, will still be 
found the most convenient form; but the new form is certainly 
better for all ordinary shore uses. 

The accompanying drawing represents a design suitable for the 
electric light, or other purposes, for which an interior resistance not 
exceeding ;%,; of an Ohm is desired. The zinc is in the form of a 

grating, to prevent the lodgment of bubbles of hydrogen gas, which I 
find constantly, but very slowly, gathering upon the zincs of the 
cells I have tried, although the solutions used have no free acid, 
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unless such as may come from the ordinary commercial sulphate-of- 
copper and commercial sulphate-of-zine crystals which were used. 

PostscrRiIPT. 

(Received February 2, 1871.) 

The principle which I have adopted for keeping the sulphate of 
copper from the zine is to allow it no access to the zinc except by 
true diffusion. This principle would be violated if the whole mass 
of the liquid contiguous to the zinc were moved toward the zinc. Such_ 
a motion actually takes place in the second form of element (that 
which is represented in the drawing, and which is undoubtedly the 
better form of the two) every time crystals of sulphate of copper are 
dropped into the charging-tube. As the crystals dissolve, the liquid 
again sinks, but not through the whole range through which it rose 
when the crystals were immersed. It sinks further as the sulphate 
of copper is electrically precipitated on the copper plate below in 
course of working the battery. Neglecting the volume of the me- 
tallic copper, we may say, with little error, that the whole residual | 
rise is that corresponding to the volume of water of crystallization of 
the crystals which have been introduced and used. It becomes, there- 
fore, a question whether it may not become a valuable economy to use 
anhydrous sulphate of copper instead of the crystals; but at present 
we are practically confined to the “blue vitriol” crystals of com- 
merce ; and therefore the quantity of water added at the top of the 
cell from time to time must be, on the whole, at least equal to the 
quantity of water of crystallization introduced below by the crystals. 
Unless a cover is added to prevent evaporation, the quantity of water 
added above must exceed the water of crystallization introduced 
below by at least enough to supply what has evaporated. There 
ought to be a further excess, because a downward movement of the 
liquid from the zine to the level from which the siphon draws is 
very desirable to retard the diffusion of sulphate of copper upwards 
to the zinc. Lastly, this downward movement is also of great value 
to carry away the sulphate of zinc as it is generated in the use of 
the battery. The quantity of water added above ought to be regu- 
lated so as to keep the liquid in contact with the zinc a little less 
than half saturated with sulphate of zinc, as it seems, from the 
observations of various experimenters, that the resistance of water 
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semisaturated with sulphate of zinc is considerably less than that of 
a saturated solution. A still more serious inconvenience than a 
somewhat increased resistance has been pointed out to me by Mr. 
Varley as a consequence of allowing sulphate of zinc to accumulate in 
the battery. Sulphate of zinc crystallizes over the lip of the jar, 
and forms pendents like icicles outside, which act as capillary siphons, 
and carry off liquid. Mr. Varley tells me that this curious pheno- 
menon is not unfrequently observed in telegraph-batteries, and some- 
times goes so far as to empty a cell and throw it altogether out of 
action. HKven without this extreme result, the crystallization of zine 
about the mouth of the jar is very inconvenient and deleterious. It 
is of course altogether avoided by the plan I now propose. 

In conclusion, then, the siphon extractor must be arranged to 
carry off all the water of crystallization of the sulphate of copper de- 
composed in the use of the cell, and enough of water besides to carry 
away as much sulphate of zinc as is formed in the use of the battery. 
Probably the most convenient mode of working the system in practice 
will be to use a glass capillary siphon, drawing quickly enough to carry 
off in a few hours as much water as is poured in each time at the 
top—and to place, as shown in the drawing, the discharging end of 
the siphon so as to limit the discharge to a level somewhat above 
the upper level of the zinc grating. It will no doubt be found con- 
venient in practice to add measured amounts of sulphate of copper 
by the charging-tube each time, and at the same time to pour in a 
measured amount of water, with or without a small quantity of sul- 
phate of zinc in solution. 

As 100 parts by weight of sulphate-of-copper crystals contain, as 
nearly as may be, 36 parts of water, it may probably answer very well 
to put in, for every kilogramme of sulphate of copper, half a kilo- 
gramme of water. Experience (with the aid of specific-gravity beads) 
will no doubt render it very easy, by a perfectly methodical action in- 
volving very little labour, to keep the battery in good and constant 
action, according to the circumstances of each case. 

When, as in laboratory work, or in arrangements for lecture-illus- 
trations, there may be long intervals of time during which the battery 
is not used, it will be convenient to cease adding sulphate of copper 
when there is no immediate prospect of action being required, and to 
cease pouring in water when little or no colour of sulphate of copper 
is seen in the solution below. The battery is then in a state in which 
it may be left untouched for mouths or years. All that will be 
necessary to set it in action again will be to fill it up with water to 
replace what has evaporated in the interval, and stir the liquid in the 
upper part of the jar slightly, until the upper specific-gravity bead 
is floated to near the top by sulphate of zinc, and then to place a 
measured amount of sulphate of copper in the funnel at the top of 
the charging-tube. 

Feb. 2.—General Sir Edward Sabine, K.C.B., President, in the Chair. 

The following communication was read :— 
** Measurements of Specific Inductive Capacity of Dielectrics, in 
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the Physical Laboratory of the University of Glasgow.’ By John 
C. Gibson, M.A., and Thomas Barclay, M.A. 

This paper describes the instruments and processes employed in a 
series of experiments on the specific inductive capacity of paraffine, 
and the effect upon it of variations of temperature. The instruments 
described are the platymeter and the sliding condenser. The former 
of these was, in a rudimentary form, shown to the Mathematical and 
Physical Section of the British Association at its Glasgow Meeting in 
1855, by W. Thomson. It consists of two equal and similar conden- 
sers employed for the comparison of electrostatic capacities. The 
sliding condenser is a condenser the capacity of which may be varied 
by known quantities by altering the effective area of the opposed 
surfaces. By means of these two instruments, along with the qua- 
drant electrometer, the capacity of a condenser may be determined 
by equalizing the sliding condenser to it. The method of working, 
and the electrical actions upon which it depends, are described in 
detail. In order to determine the capacity of the sliding condenser 
at the lower extremity of its range, a spherical condenser, so con- 
structed that its capacity could be accurately determined in absolute 
measure, was employed. An apparent discrepancy in the results 
obtained, arising from an inequality in the condensers forming the 
platymeter, is then considered, and the method of deducing the true 
result investigated. A series of experiments are then described which 
gave 1°975 as the specific inductive capacity of paraffine, that of air 
being taken as unity, but failed to show whether this alters with va- 
riations of temperature. An improved form of condenser, composed 
of concentric brass cylinders with paraffine for the dielectric, and the 
results obtained from it, are then described. The measurements 
made at different temperatures show no variation of specific inductive 
capacity. In order to allow to the paraffine freedom of expansion 
with temperature, another form of condenser was employed, and the 
same results obtained. A series of experiments were then made on 
the expansion of paraffine with temperature, in order to estimate the 
effect of this upon the capacity of paraffine condensers. As a mean 
of the results, it was found that the linear expansion of paraffine at 
9° C. is ‘000237 per degree. Some further measurements of the 
evlindrical condenser were made with the same result as before. 
Thus all the measurements of this condenser made at temperatures 
ranging from —12°15 to 24°35 C. show no variation of specific in- 
ductive capacity of paraffine with temperature. This was found to 
be 1°977, that of air being taken as unity. 

In a note added to the paper a description is given of an improved 
form of sliding condenser. 

Feb. 16.—General Sir Edward Sabine, K.C.B., President, in the 
Chair. 

The following communication was read :— 
- ©On a Registering Spectroscope.”’ By Willian Huggins, LL.D., 
D:C1,, ERS: 

The short duration of the totality of the solar eclipse of December 
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last, led me to seek some method by which the positions of lines ob- 
served in the spectrum of the corona might be instantly registered 
without removing the eye from the instrument, so as to avoid the loss 
of time and fatigue to the eye of reading a micrometer-head, or the 
distraction of the attention and other inconveniences of an illumi- 
nated scale. 

After consultation with the optician Mr. Grubb, it seemed that 
this object could be satisfactorily accomplished by fixing in the eye- 
piece of the spectroscope a pointer which could be moved along the 
spectrum by a quick-motion screw, together with some arrangement 
by which the position of this pointer, when brought into coincidence 
with a line, could be instantly registered. 

I was furnished by Mr. Grubb with an instrument fulfilling these 
conditions, and also with a similar instrument with some modifi- 
cations by Mr. Ladd, in time for the observation of the eclipse. 

Unfortunately, at my station at Oran, heavy clouds at the time of 
totality prevented their use on the corona; but they were found so 
convenient for the rapid registration of spectra, that it appears pro- 
bable that similar instruments may be of service for other spectrum- 
observations. 

In these instruments the small telescope of the spectroscope is 
fixed, and at its focus is a pointer which can be brought rapidly upon 
any part of the spectrum by a screw-head outside the telescope. The 
spectrum and pointer are viewed by a positive eyepiece which slides 
in front of the telescope, so that the part of the spectrum under 
observation can always be brought to the middle of the field of view. 
The arm carrying the pointer is connected by a lever with a second 
arm, to the end of which are attached two needles, so that these move 
over about two inches when-the pointer is made to traverse the spec- 
trum from the red to the violet. Under the extremity of the arm 
fitted with the needles is a frame containing a card, firmly held in it 
by two pins which pierce the card. This frame containing the card 
can be moved forward so as to bring in succession five different 
portions of the card under the points of the needles; on each of 
these portions of the card a spectrum can be registered. 

The mode of using the instrument is obvious. By means of the 
screw-head at the side of the telescope, the pointer can be brought 
into coincidence with a line; a finger of the other hand is then pressed 
upon one of the needles at the end of the arm which traverses the 
card, and the position of the line is instantly recorded by a minute 
prick on thecard. A bright line is distinguished from a dark line by 
pressing the finger on both needles, by which a second prick is made, 
immediately below the other. In all cases the position of the line is 
registered by the same needle, the second needle being used to de- 
note that the line recorded is a bright one. 

It was found that from ten to twelve Fraunhofer lines could be 
registered in about 15 seconds, and that, when the same lines were 
recorded five times in succession on the same card, no sensible 
difference of position could be detected between the pricks register- 
ing the same line in the several spectra. 
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It is obvious that, by registering the spectra of different substances 
on the card, a ready method is obtained of comparing the relative 
positions of the lines of their spectra. | 
Each spectroscope was furnished with a compound prism, which was 

made by Mr. Grubb, and gave a dispersion equal to about two prisms 
of dense glass with a refracting angle of 60°. 

Postscript.—I have just learned that in a spectroscope contrived 
by Professor Winlock for observing the eclipse of December 22, 
1870, the positions of the observing-telescope are registered by marks 
made upon a plate of silvered copper.—February 3, 1871. 

GEOLOGICAL SOCIETY. 
[Continued from p. 481. ] 

Dec. 21, 1870.—Joseph Prestwich, Esq., F.R.S., President, in the Chair. 
The following communications were read :— 
1. “On Lower Tertiary Deposits recently exposed at Portsmouth.” 

By C. J. A. Meyer, Esq., F.G.S. 
The author described some exposures of Lower Tertiary deposits 

made during excavations for the “ Dockyard Extension Works” in 
Portsmouth Harbour. The thickness exposed, exclusive of alluvial 
deposits, amounted in all to 127 feet. The beds dip 8.S.W., or 
nearly south, 23 to 3 degrees. The author grouped them under the 
four following divisions, in ascending order :— 

1. Clays and sands with pyrites.......... 36 feet. 
2. Argillaceous sands with Dentalium .... 25 ,, 
3. Sands wath Langue 28. cae eee on Oth 
4, Clays with Cyprina and sandy clays.... 55 ,, 

The author indicated the fossils contained in each of these divi- 
sions, remarking upon the range of some of the species, and upon the 
apparent mixture of London-Clay forms with others usually regarded 
as characteristic of higher or lower beds, which occurs especially in 
the “‘ Zingula-sands.” He suggested that, as the species found here 
present some slight differences from those occurring in other de- 
posits, the difficulty might be got over on Darwinian principles. 
The author considered that the fossils did not furnish any satisfactory 
evidence of the true position of these beds; but, from stratigraphical 
evidence, he regarded them as being included in group 3 and part 
of group 4 of Mr. Prestwich’s section of the Whitecliff strata in 
the Isle of Wight. He concluded with some remarks on the su- 
perficial deposits consisting of gravel and old and recent mud over- 
lying the Tertiary beds in the section described by him. 

2. “Note on some new Crustaceans from the Lower Eocene of 
Portsmouth, collected by C. J. A. Meyer, Esq., F.G.S.” By H. 
Woodward, Esq., F.G.S. 

Mr. Woodward, drew attention to the occurrence in the fossil 
state of pelagic forms of Crustacea armed with long spines on the- 
latero-anterior angles of the carapace. 

Two Eocene forms had been described by Dr. Alphonse Milne- 
Edwards, namely Enoplonotus armatus and Psammocarcmus Hericartir. 
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Two new forms, differing generically from the above, but pro- 
bably referable to the same family (the Portunide), were described, 
under the name of Rhachisoma (g. n.), A. echinata and &. bispinosa. 

A third form, belonging to the Corystide, was then noticed. This 
family, represented in the fossil state by the genus Paleocorystes, is 
well known in the Gault and Upper Greensand of Folkestone and 
Cambridge, one species ranging up as high as the Maestricht beds. 
The occurrence of Palcocorystes in the Lower Eocene is of great 
interest. Mr. Woodward named this new Palewocorystes P. glabra. 

3. “On the Chalk of the Cliffs from Seaford to Eastbourne, 
Sussex.” By W. Whitaker, Esq., B.A., F.G.S. 

The author compared the chalk of the Sussex coast with that of 
the Kentish coast, and stated that it consisted of the following divi- 
sions in descending order :-— 
1. Chalk with flints, of great thickness. 
2. Chalk with flints and nodular layers, weathering rough. 
3. Chalk without flints, but with nodular layers, weathering rough. 
4, Thick-bedded massive chalk without flints. 
5. More thinly bedded chalk without flints, but with marly beds. 
6. Chalk-marl, 50 or 60 feet. 

The highest of these divisions stretches as far eastwards as Beachy 
Head, and forms the whole of the cliffs to within a short distance of 
that point. 

4, “On the Chalk of the southern part of Dorset and Devon.” 
By W. Whitaker, Esq., B.A., F.G.S. 

The divisions of the Chalk weve traced by the author westward 
from cliffs on the north side of Swa age Bay to beyond Beer Head 
in Devonshire. First the succession of the beds was shown to be 
as in the Isle of Wight, namely :— ; 
1. Chalk with flints, very thick. 4, Chalk without flints. 
2. Chalk with few flints. 5. Chalk-marl. 
3. Chalk-rock, very thinly developed. 

It was shown that the lower beds became thinner westward, 
until, at one part of the Beer-Head section, the chalk with flints 
rested at once on the Upper Greensand; and the following general 
conclusions were drawn :— 

That the chalk-marl thins westward, and its bottom part becomes 
marked by the presence of quartz-grains, showing perhaps signs of 
a less deep-sea character than usual. 

That the chalk without flints thins westward (from about 200 
feet in the Isle of Wight) until, in Devonshire, it is but 30 feet 
thick, or even less. 

The consequent nearness of the chalk with fiints to the Greensand 
helps toexplain the deposits of flints on some of the Devonshire hills. 

Jan, 11.—Joseph Prestwich, Esq. F.R.S., President, in the Chair. 
* The following communications were read :— 

1. “On the older Metamorphic Rocks and Granite of Banffshire.” 
By T. F. Jamieson, Esq., F.G.S. 

The author indicated three divisions in the metamorphic strata of 
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Banffshire :—At bottom a great thickness of arenaceous beds, more 
or less altered into quartz-rock, gneiss, and mica-schist; next a 
series of fine-grained clay-slates, in the midst of which is a bed of 
limestone; and then again an upper group of arenaceous strata. 
The author stated that the arrangement of the rocks is very similar 
to that occurring in Bute and Argyllshire. He remarked that the 
general texture of the beds is fine-grained, and considered that they 
were probably deposited in the depths of the sea, off the mouth of a 
great river, the deposition of the argillaceous strata having taken 
place during a period of increased depression. The deposition of the 
beds was said to have probably taken place after the formation of 
the (Cambrian) Red Sandstone and Conglomerate of the North-west 
Highlands, or in Lower Silurian times, the river by which the sedi- 
ment was brought down being supposed to have drained the great 
Laurentian region to the north-west. After their accumulation the 
author supposed that “a glow of heat from beneath” approached 
them, causing expansion and the wrinkling of the mass into folds 
running from §.W. to N.E. The granites were considered by the 
author to owe their origin to the fusion and recrystallization of the 
arenaceous beds. 

2. “ On the connexion of Volcanic action with changes of Level.” 
By Joseph John Murphy, Esq., F.G.S. 

The author commenced by discussing the chemical theory of vol- 
canic action, which he considered he had disproved. He remarked 
on the coincidence of volcanic action with elevation of the surface, 
but stated his opinion that the elevation of one part of the earth’s: 
surface, and the depression of another are the results of a movement 
of subsidence in the following manner :—The interior of the earth 
is constantly cooling, and as it cools it must contract. But the cold 
strata of the surface cannot contract in the same proportion; and as 
they must remain in contact with the core, they are compelled to 
form folds and ridges. The breaking out of volcanoes is due to the 
breaking of part of the earth’s crust by these foldings. According 
to the author, ‘volcanic action is not the cause, but the effect of 
secular changes of level ; and secular changes of level are due to the — 
subsidence of the surface on the interior, as the interior contracts 
in cooling.” 

3. “ On some points in the Geology of the neighbourhood of Ma- 
laga.” By Don M. de Orueba. 

After referring to the writings of previous authors upon the geo- 
logy of the south of Spain, the author noticed a mountain-chain near” 
Antequera, one branch of which, knownas the “Torcal,” he de- 
scribed as presenting a very singular appearance from ‘the huge 
blocks of stone of which it is composed. The division of the rock 
into separate blocks, often of the most fantastic shapes, was attri- 
buted by the author to denudation by water. The “ Torcal” con- 
sists of a compact limestone, generally of a red colour, resting con- 
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formably on the east upon a fine-grained white oolitic marble of con- 
siderable thickness. At the divisional line between the two forma- 
tions many Ammonites were said to occur; and three of these were 
doubtfully identified with A. giganteus, biplex, and annulatus. These 
species would indicate the deposit to be probably of Portlandian 
age. 

The plain of Antequera was considered by the author to consist 
of Tertiary formations. One of these, at the south of the city, he 
regarded as analogous to the “Calcaire grossier.” He mentioned 
indications of the presence in the vicinity of a Miliolitic marble, and 
of a limestone containing Nummulites. Between Antequera and 
the Toreal, he noticed a small calcareous deposit containing many 
forms of Gryphea. The paper was illustrated by photographs of 
two scenes on the Torcal, and of several species of Ammonites. 

LXX. Intelligence and Miscellaneous Articles. 

ON THE SENSITIVENESS TO LIGHT OF THE SILVER HALOID COM- 

POUNDS, AND THE CONNEXION OF THE OPTICAL AND THE CHE- 

MICAL ABSORPTION OF LIGHT. BY C. SCHULTZ-SELLACK. 

ole haloid compounds of silver, which share with so many other 
substances the property of being altered by light, are remarkable 

from the fact that they are photographically excited by light; that is 
to say, they have the property of condensing mercurial vapour from 

_ the air (Daguerreotype), or silver when being deposited from a liquid 
(photography). The photographic excitation is due to the chemical 
change; but as it occurs before the products of decomposition of the 
silver-salts can be shown by other means, the photographic process 
is especially fitted for investigating the chemical action of the various 
spectral colours on the haloid compounds of silver*. All luminous 
rays which act chemically upon a substance are absorbed, as was 
shown by. Draper ; since chemical and optical rays of the same re- 
frangibility cannot be separated, or rather are identical, they, of 
course, disappear as regards the eye. Hence by the photographic 
process we obtain absorption of light joined with chemical action, 
chemical absorption of light. Chloride, bromide, and iodide of silver, 
as I have previously shown?, may by melting be obtained in perfectly 
clear masses; in this condition they are only very slowly changed by 
light, and are especially suited for investigating optical absorption. 

I have found that optical and chemical absorption of light exactly 
coincide. All colours which in a thickness of some millimetres exert 
an appreciably optical absorption, effect chemical decomposition; ab- 
sorption of light in these substances is always connected with chemical 
action. 

Iodide, bromide, and chloride of silver are sensitive to the ultra. 

* In what follows, the usual collodion process was used: collodion mixed 
with dissolved haloid salts was poured upon a glass plate, the plate dipped 
im solution of silver, and after exposure developed by means of ferrous 
sulphate. 
+ Pogg. Ann. vol. exxxix. p. 182. 

Phil. Mag. 8. 4, No. 276. Suppl. Vol. 41. 20 
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violet of the solar spectrum; they are variously so for the visible 
part of the spectrum. 

Chloride-of-silver collodion is only sensitive for the extreme violet, 
as faras about halfway between Fraunhofer’s lines H and G. 

Todide-of-silver collodion is sensitive to beyond the line G. 
Bromide-of-silver collodion is sensitive nearly to the line F. 

Mized iodide and bromide-of-silver collodion is sensitive to the line E, 
as well as mired iodide and chloride of silver. ‘The very remarkably 
greater delicacy of mixtures of bromide and icdide of silver has long 
been used in practical photography. 

The optical absorption of transparent plates of these substances is 
seen, on being examined spectrally, to be accurately restricted to 
the limits given of chemical action. ‘This is specially the case with 
mixtures of iodide and bromide of silver. Chloride of silver is colour- 
less, iodide of silver bright yellow and transparent, bromide of silver 
of a somewhat deeper yellow; but the mixture of the two obtained 
by melting is orange-yellow. This difference in colour, which indi- 
cates the different delicacy of light, can be recognized by the preci- 
pitates: pure iodide of silver and pure bromide of silver are pale 
yellow ; the precipitate with the mixed iodides and bromides, and 
with the iodides and chlorides is intense yellow. 

I have formerly shown that the ultra-red heat-rays, which do not 
act photographically, are not at all absorbed by the haloid silver- 
salts; so that, including the heat-rays, the principle holds: —The ha- | 
loid compounds of silver are chemically changed by all rays which they 
absorb in appreciable strength. 

This connexion of absorption of light and chemical action pro- 
bably holds for all substances sensitive to light. Moreover Herschel 
(from experiments on bleaching vegetable colours) and Draper (from 
experiments on the decomposition of ferric citrate) have called atten- 
tion to the reciprocity of chemically active and transmitted light.— 
Berichte der Berliner Chemischen Gesellschaft, No. 4, 1871. 

CHEMICAL AND MECHANICAL CHANGES IN HALOID SILVER- 

| SALTS BY LIGHT. BY C. SCHULTZ-SELLACK. 

Chloride and bromide of silver are decomposed in light, chlorine and 
bromine being liberated in such quantities that they are recognizable 
by the odour and by chemical reagents; the dark-coloured product 
of decomposition is therefore probably a subchloride and subbromide. 
If a greater excess of chlorine- or bromine-vapour be admitted, the 
colour disappears on continuing the illumination. In the action of 
light upon iodide of silver a dark coloration also sets in, although no 
free iodine could be shown; by a slight addition of free iodine the 
coloration is prevented. 

As these decompositions depend upon the tension of the vapour of 
free chlorine, bromine, and iodine, they can be regarded as phenomena 
of dissociation effected by light. ‘The tension of dissociation of iodine 
in the case of iodide of silver is then so small that iodine cannot be 
directly detected in the vicinity. As the tensions of dissociation in- 
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crease in general with the temperature, this may also be expected in 
the case of iodide of silver; and if at a higher temperature any 
liberated iodine be removed and collected, the reaction for iodine may 
possibly be obtained. Moreover at a higher temperature the far 
darker coloration, and therefore the more powerful optical absorp- 
tion of the silver haloid salts, renders probable, as I have already 

remarked, astronger chemical absorption and decomposition. 
By my previous experiments I have not been able with certainty 

to detect iodine in the current of air which has been passed over 
heated and insolated iodide of silver; a decisive result for these ex- 
periments may be expected with the use of the summer sun. 

Chloride of silver and bromide of silver may in the dark be ob- 
tained in clear lustrous crystals from their solution in ammonia, and 
iodide of silver from its solution in hydriodic acid. If these crystals 
be exposed in the presence of free chlorine (or bromine or iodine) 
in glass tubes to the action of light, no chemical change takes 
place, though a mechanical change is observable. ‘The crystals 
of iodide of silver fall to powder; crystals of bromide of silver and of 
chloride of silver become opaque and lose their lustre. The deport- 
ment of the clear transparent layer of iodide of silver, such as is ob- 
tained by iodizing a silver mirror, is similar. The freshly prepared 
clear layer changes in afew minutes in sunlight to a yellowish-grey 
rough mass, which exhibits different colours in transmitted light, 
varying with the duration of the action: it first of all appears yel- 
lowish brown, then dark brown and very turbid, then red and green 
and blue, becoming considerably more transparent, and is finally of 
a pale bluish white. ‘The ultimate colour may, moreover, be differ- 
ent, according to the thickness and colour of the layer and the inten- 
sity of light. These colours arise from diffraction of light, and de- 
pend upon the degree of pulverization of the iodide produced by the 
action of light. If the air in the interstices of the powder be replaced 
by another medium, the layer impregnated with Jac, the colours alter 
and mostly lose intensity. It is probable that in what are called 
‘coloured photographs” the colours also result from a change of 
structure. 

Most sensitive to mechanical change is iodide of silver when it has 
first been formed in iodine-vapour ; by lengthened keeping in the air, 
or by immersion in dilute silver solutions or other substances which 
absorb iodine, the sensitiveness is almost entirely removed, but is 
restored by again fuming with iodine-vapours. ‘The mechanical 
change of iodide of silver is effected only by those colours of the 
spectrum which photographically excite iodide of silver ; light which 
has passed through a layer of iodide of silver (and has thus been de- 
sensitized) is therefore quite inactive. 

This deportment of iodide of silver may be used for preparing 
photographic pictures ; and by the use of a photographic negative a 
brown picture which is posttive by transmitted light is obtained. If 
light be allowed to act further, the brown colour changes intoa clear 
blue, the shadows become bright, the positive changes into a negative. 
By hyposulphite of soda both the coherent and the pulverulent iodide 
of silver are obtained ; by washing with dilute solution of nitrate of 

202 
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silver, or by coating with a transparent resinous lac, these pictures 
may be preserved in the light. The coating of lac probably acts by 
enclosing the parts of the iodide of silver so firmly that they cannot 
separate. 

These pictures, which I shall name mechanical iodide-of-silver 
pictures, are formed upon iodide-of-silver collodion fumed with 
iodine, which already contains iodide of silver as a precipitated fine 

powder, appearing transparent and of a brownish-yellow colour. 
The layer of powder, however, is still further disintegrated by light; 
and by adequate exposure under a photographic negative, there is first 
obtained a positive, which appears dark brown in transmitted light 
and, by aseries of beautiful shadings, ultimately changes into a nega- 
tive. If the layer of iodized collodion be almost allowed to dry be- 
fore immersing in the silver solution, the iodide of silver will be 
precipitated in such fine particles that it will show these colours 
directly without any action of light. 

It remains to be decided whether this mechanical change of the 
haloid silver-salts effected by light plays a part in the ordinary pho- 
tographic process, By adequate exposure a visible picture may be 
directly obtained on the sensitive Daguerreotype plate, or ona chlo- 
ride-, bromide-, or iodide-of-silver collodion plate which has been 
immersed in nitrate-of-silver solution: this picture is not soluble in 
hyposulphite of soda, and can therefore be fixed byit. The substance 
of this picture, which is poorer in iodine than iodide of silver*, pos- 
sesses the photographic attraction for particles of mercury or silver. 
This chemical image is changed by excess of iodine into iodide of 
silver soluble in hyposulphite of soda; its colour changes, and it 
thereby simultaneously loses its photographic property; while the 
above-described mechanical iodide-of-silver picture is just formed in 
the presence of excess of iodine, is not again destroyed by it, and 
of itself has not the photographic property. 

It thus appears to me proved that the mechanical change of the 
haloid silver-salts in the photographically sensitive condition is indeed 
quite parallel to the chemical change, but is extremely small, and 
that the photographic process is inseparably bound up with chemical 
decomposition. 

It is worthy of remark that the mechanical change of the silver 
haloid salts (the removal of the cohesion of the molecules) is most 
powerful when the chemical change (the separation of the atoms in 
the molecules) is least. Possibly a disintegration by light, such as 
has hitherto only been known in the case of realgar, takes place also in 
other substances which are sensitive to light; apparently crystallized 
iodide of tin undergoes this change, and probably also bichromate of 
potash.— Berliner Chemische Berichte, No. 6, 1871. 

* This is most simply seen from the following experiment :—If a regu- 
line surface of silver produced upon glass be superficially iodized, so that a 
thin layer of silver remains unchanged, by exposure a picture may be pro- 
duced upon the plate and fixed by hyposulphite of soda. In the places in 
-which light has acted, the layer of silver which gives the background of the 
picture has disappeared, the iodide of silver which has been exposed must 
therefore have given up iodine to silver. Moser, who first observed these 
pictures, thought they consisted of physically modified iodide of silver. 
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veins, and occasionally in the beds of rivers. Specimens of the following Metallic Ores are 
put in the Cabinet :—Iron, Manganese, Lead, Tin, Zinc, Copper, Antimony, Silver, Gold, 
Platina, &c. 
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MR. R. DAMON, OF WEYMOUTH, 
ENGLAND, 

Informs Collectors, Public Museums, &c., that from the extent of his 
stock, aided by frequent consignments from correspondents in various 
parts of the world, he is enabled to supply named collections, classified 
Zoologically or Geographically, of which the following is a selection. 

(The prices for Collections are much lower than uf separately priced.) 

“Genera” to illustrate ‘‘ Woodward’s Manual of the Mollusca,” ‘‘Chenu’s 
- Manuel de Conchyliologie,” 100, £1 10s.;* ditto, select examples, £3.* 

General collection containing from 150 to 200 genera, of 500 species, £20. 
Ditto $5 250 to 300 _—s—*"», 1Q00- 42 Xt eae: 
Ditto oy 300 to oe 2000s, S100: 

Shells of the MEDITERRANEAN SEA, 100 species, (250 shells) £2 12s. 6d. 

Ditto, 200 species, (500 shells) £6 6s. ; 

Shells from the NORTHERN and ARCTIC SEAS, 100 species. 

EUROPEAN LAND SHELLS.—Collections from 100 up to 500 species. 

SHELLS OF PALESTINE,—A collection of Land Shells from this interesting 
region (50 species). _ 

Land Shells of JAMAICA, containing the genera Cylindrelia, Spiraxis, Geo- 
melania, Stoastoma, Helicina, Lucidella, Proserpina, Helix, Choanopoma, Leptenaria, 
&c., 50 species, 21s. ; 100 ditto (250 examples), £3 3s. ; 200 ditto (500 examples), 
£8 8s. 

ISLAND OF CUBA.—8S0, 100, or 150 species. This series contains some of 
the most beautiful Land Shells known, and includes Helix Imperator, and other 
species of Helix, Helicina, Pupa, Cylindrella, Megalonastoma, Cyclostoma, cc. 

Land and Freshwater Shells from WESTERN AFRICA, including the genera 
Iridina, Galathea, Streptaxis, Amnicola, Pupa, Achatina, Melania, Physopsis, &c., 
30 species, 2 Guineas. 

Shells from MAZATLAN and the GULF OF CALIFORNIA—S0 species 
for 21s. (or 100 species for £2 12s. 6d. 

PHILLIPINES—S50 of the handsome species of Helices and Bulimi, £3 15s., 
or 100 species, including 70 Helices and Bulimi, with 30 species of Melania, 
Navicella, Batissa, Rhegiostoma, Leptopoma, Cyclophorus, &c., £7 7s. 

From CONTINENTAL INDIA.—Raphaulus, Diplommatina, Alyceus, 
Pterocyclos, Streptaxis, Nematura, Hypselostoma, Scaphula, Plectophylis, Lithotis, 
Cremnobatis, Cyclotopsis, and other uncommon genera. 

Marine Shells from the CHINESE and INDIAN SEAS, embracing the genera 
Conus, Cyprea, Cassis, Dolium, Mitra, Murex, Natica, Oliva, Pleurotoma, Bulla, 
Strombus, Seraphs, Voluta, Aspergillum, Ricinula, Triton, Solarium, Hburna, 
Venus, Cytherea, Lima, Pecten, Pectunculus, Tellina, Cardium, Tridacna, &c., &c., 
100 species, 4 Guineas. 

* Sets of these have been supplied, and are exhibited at the South Kensington Museum. 



2 MR. R. DAMON, OF WEYMOUTH, ENGLAND. 

Marine Shells from AUSTRALIA and SOUTH PACIFIC, including the 
genera Voluta, Cyprea, Mitra, Delphinula, Fusus, Conohelix, Phos, Amphibula, 
Phasienella, Trochus, Sigaretus, Parmophorus, Gena, Hipponyx, Terebratula, Tri- 
gonia, Anatina, Tapes, Chitonellus, Mesodesma, Lingula, Solemya, Cardita, 
Perna, &c., &c., 100 species, 4 Guineas. 

SETS OF PARTICULAR GENERA, 
Of which the following are examples. 

Cyprea, 40 named species, 20s. Melania, 40 named species, 20s. 
- 100 * Achatinella, 30 5 15s. 

Conus, 40 as 30s. es 50 at 30s. 
ss 100 a i 100 BN 60s. 

Mitra, §25 = 20s. Clausilia, AQ. a 20s. 
Marginella, 25 sn 20s. Cylindrella, 25 a 20s. 
Pecten, 30 i 20s. Helicina, 25 a8 20s. 
Cardium, 30 5 20s. &e., &c., &e. 

In addition to the foregoing, a large miscellaneous stock, with rare and beau- 
tiful examples, every effort being made to secure whatever is new and interesting. 

&= Naturalists in foreign stations, are solicited to open a corres- 
pondence either for sale or exchange. 

BRITISH SHELLS. 
R. D. having given much attention to this branch of Conchology, is 

enabled to supply collections named in accordance with the British 
‘‘Mollusca”’ of Forbes and Hanley, or that of the British Conchology, by 
John G. Jeffreys, Hsq., F.R.S., at the following prices, containing on an 
average 3 of each (choice specimens ) :— 

100 species, £2 12s. 6d.*—200 species, £6 6s.*—300 species, £12 12s.---400 
Species, £25, containing on an average 3 of each kind. 

Elementary set of 100 species (2 of each), 21s. 
A priced Catalogue for single specimens, price 4d. 

FOSSILS. 
The names, geographical position, and localities of each specimen 

are carefully given. 

Collections are prepared for those entering on the study of geology, 
and also to illustrate recent works on the science, at the following prices: 

Fossils and their rocks. 100 different specimens, £2 ; 200 ditto, £5; 500 ditto, 
£20; 1000 ditto, £50. 

POST TERTIARY. 

Sets of Shells from modern deposits in the raised Sea Coast of Sweden. 

20 species (50 examples) 20s., including a report on the above Fossils, pre- 
sented to the British Association, by John G. Jeffreys, Esq., F.G-S., F.R.S. 

TERTIARY. 
Glacial Beds. English Crag—hed— Ooralline—and Norwich. 

PLIOCENE of Piedmont. Collections named at the University 
Museum of Turin, at the following prices:—100 species (250 examples), 
£3 3s. 200 species, £6 6s. 300 species, £ 

* Sets of these have been supplied, and are exhibited at the South Kensington Museum. 
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MIOCENE. 100 species (250 examples), from the Vienna Basin, 
and named at the Imperial Museum at Vienna, £3 3s. 200 ditto, £ 

60 species of the Miocene fossils of Touraine (150 examples), £1 15s. 

Miocene fossils from the Rhine district, Belgium and Bordeaux. 

EOCENE. Fossil sheils of the Paris Basin. Collections of these 
beautifully preserved fossils, named after Deshayes. 100 species (250 
examples), £3 3s. 200 species (500 examples), £6 6s. 500 ditto, £ 

Eocene fossils from Hampshire and other English localities. 

SECONDARY. 
From the Uuaestriecht beds, Chalk, and Chalk Marl (Upper Green 

Sand of Blackdown), Green Sand, and Gault of Great Britain, France, 
and Westphalia. 

OOLITE. Portland Stone, Solenhofen Oolite, Kimeridge Clay, 
Coral Rag, Oxford Clay, of Wilts, Wurtemberg, and Moscow, Cornbrash, 
Forest Marble, Great Oolite, Inferior Oolite, and Sands, LIAS 
of Dorset and Germany, including Saurian remains, Fishes, Pentacrinite, 
Sepiz, Ammonites, Nautili, &c., &. Zrvas and Muschlekalk of Germany. 

PALAOZOIC. 

Permian. Carboniferous or Mountain Limestone, of Yorkshire, 
Ireland, and Belgium. Devonian, of South Devon, Scotland, Rhine, and 
Eifel. Silurian of Dudley, Wales, Bohemia, Sweden, and United States. 

A collection of Tertiary Fossils of 1000 named species (2500 examples), repre- 
senting the Newer and Older Pliocene—Upper, Middle, and Lower Hocene of Lyell, 
30 Guineas. 

100 species of Cretaceous fossils, 4 Guineas ; 200 ditto, 10 Guineas. 
100 species of Inferior Oolite ditto, from Dorset and Somerset, 7 Guineas. 
300 ditto, representing all the beds of the Upper, Middle, and Lower Oolites, 

15 Guineas. 
100 species of Ammonites, 5 Guineas, ditto, 10 Guineas. 

200 species of Brachiopoda, single specimens, 5 Guineas ; two of each, 7 Guineas. 
Sets of fossils from the Tertiary beds, 21s. Ditto, Cretaceous, Oolite, Lias, 

Muschtekalk, Carboniferous, Devonian, and Silurian, each 21s. the set. 

A collection of all the principal rocks, including Sedimentary, Plu- 
tonic, and Volcanic. 100 specimens, £2 ds. 

Specimens of the Lower Laurentian rock, from the Ottawa, Canada, 
containing the Hozoon Canadense, the oldest known fossil. 

CASTS OF RARE FOSSILS. 
1, Large head of Jcthyosaurus platyodon (jaw with skull and eye com- 
plete), from the Blue Iias of Lyme Regis, Dorset. Length, 5ft. lin. 
Price £38 3s., or uncoloured, £2 2s. 

Photographs of Nos. 1 and 2, to be returned if a cast is not purchased. 

2, Fore-paddle of Plhosaurus, from the Mimeredge Clay, Weymouth. 

The original of this unique and gigantic specimen is in the Dorset County 

Museum. Length of paddle, 6ft. 9in. Price of cast, set in case, 5 Guineas. 

A cast of this paddle may be seen in the British Museum. 

PMR ke 8 he 
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MINERALS, - 
Elementary and other collections, useful to the Traveller and Student, 

as also to facilitate the study of Geology and Physical Geography. 

Collections in this interesting and instructive branch of Natural Science, 

100 specimens, 2 Guineas. 

200 ditto, 5 Guineas. 

&ec., &e. 

Collections at_5, 10, 20 Guineas and upwards. 

New Catalogue of Minerals, published by the British Museum, sent post- 
free for 2d. 

Sets of the German Models of Crystals. 

PUBLICATIONS, 
LIST OF BRITISH SHELLS, (printed within brags lines), for Labels 2s. 6d. 

List of British Crustacea, 2s. 6d. 

List of British Algz, according to Harvey, 2s. 6d. 

List of British Ferns, as arranged by Thos. Moore, Esq., F.L.S. 1s 6d. 

Labels for Foreign Shells. . 

Cards of Strata for a systematic arrangement of Rocks and Fossils. Cards of 
Genera of Recent Shells, for arranging collections. 

A CATALOGUE OF GENERA OF MOLLUSCA, RECENT AND FOSSIL, 
arranged according to ‘‘Woodward’s Manual,” with the additional Genera. The 
whole being revised by the author. In large type, printed on one side, 8vo, 5s. 
available for Generic Labels (8 inches in length). A few copies printed on cardboard. 

Specumen. PANOPAA Lam. 

WORKS ON NATURAL HISTORY SUPPLIED. 

HANDBOOK TO THE GEOLOGY OF WEYMOUTH AND THE Isianp 
oF PorTLAND, containing a Map of the District, Geological Sections, Coast Views, 
Figures of the characteristic Fossils, and other Illustrations, with Lists of Objects, 
and numerous Notes on the Botany and Zoology of the Coast and Neighbourhood. 
By R. Damon, F.G.S. Price 5s. London: Stanford, Charing Cross. 

A SUPPLEMENT TO THE ABOVE, CONSISTING OF NINE LITHO. 
graphic Plates of Fossils, drawn by Bone. Price 2s. 6d. London: Stanford, 
Charing Cross. 

DREDGES OF GALVANISED IRON CONSTRUCTED WITH THE Latest [IMPROVEMENTS 

Small Flat Boxes with Glass Pops, in various sizes, at per dozen, adapted 
for the preservation of objects of natural history. 

Strong Cardboard Trays at per 100. A sample set of the four sizes. 
Glass Tubes, Corked. 



| Private Instruction in Mineralogy applied to Geology and the Arts 
: is given by Professor Tennant, F.G.S., at his residence, 149 Strand, London, W.C. 

The Course commences with a description of the Physical and Chemical characters of 
_ Minerals in general, and includes a minute description of all the substances entering into 
| the composition of Rocks, and of those Minerals which are also used in the Arts; illus- 
| trated by an extensive collection of characteristic specimens, and diagrams of the principal 
_ erystalline forms, &c. 
_ ‘The Students are accompanied by the Professor to the Museum of Practical Geology, 

_ the British Museum, and other public institutions, and also on excursions into the country. 

SOPWITH’S GEOLOGICAL MODELS IN WOOD. 

To illustrate the nature of Stratification ; of Valleys of Denudation ; Succession of Coal- 
| seams in the Newcastle Coal-field ; Strata of adjacent Lead-mine districts; the effects pro- 
' duced by Faults or Dislocations; Intersections of Mineral Veins, &c.; accompanied with a 

letterpress description, which can be had separately, price ls. 6d., by T. Sopwitn, C.E. &c. 

Sold in Case, bound and lettered to resemble a large folio volume. 
Twelve Models, 4 inches square............ £5 0 

A Catalogue of 2000 of the most common Fossils found in the British Isles, being a list 
of those in the private collection of J. Texnant, F.G.S. Price 2s. 

All the recent Works relating to Mineralogy, Geology, Conchology, and Chemistry; also 
Geological Maps, Models, Diagrams, Hammers, Blowpipes, Magnifying-Glasses, Platina 
Spoons, Electrometer and Magnetic Needle, Glass-top Boxes, Microscopic Objects, Forceps, 
Acid Bottles, &., can be supplied to the Student in these branches of Science. 

FOR SALE.—TWO CABINETS, measuring 9 feet 3 inches long, 2 feet 4 inches wide, 
and 3 feet 10 inches high; containing 45 drawers, with a Glass Case on the top of each 
Cabinet, 4 feet 11 inches high, and 15 inches from back to front. One Cabinet is filled with 
2600 Minerals, the other with 3400 Fossils. 

The Collection consists of six thousand specimens, many very select. The first Gold 
Nugget received from Australia, which was exhibited in the Exhibition of 1851, is in 
the Collection; it cost £37, and contains about 8 ounces of gold: also a fine series of 
Diamonds, illustrating crystalline form and colour, from India, Brazil, South Africa, and 
Australia. The specimens have been used to illustrate the Lectures on Mineralogy and 
Geology at King’s College, London, and at the Royal Military Academy, Woolwich. Price 

THREE THOUSAND GUINEAS. 
Any person wishing to become practically acquainted with the interesting and important 

study of MINERALOGY and GEOLOGY will find this a good opportunity to obtain an 
instructive and valuable Museum, the specimens having been collected with care and at 
great expense during the last thirty years. 

Elementary Geological Collections at 2, 5, 10, 20, 50, to 100 guineas each, and 
every requisite to assist those commencing the study of this interesting branch of Science, 
@ knowledge of which affords so much pleasure to the traveller in all parts of the world. 
A collection for Five Guineas, to illustrate the recent works on Geology, by Ansted, 

Buckland, Lyell, Mantell, Murchison, Page, Phillips, and others, contains 200 specimens, 
in a plain Mahogany Cabinet, with five trays, comprising the following specimens, viz. :— 

Miyeraus which are either the components of Rocks, or occasionally imbedded in 
them—Quartz, Agate, Chalcedony, Jasper, Garnet, Zeolite, Hornblende, Augite, Asbestos, 
Felspar, Mica, Talc, Tourmaline, Calcite, Fluor, Selenite, Baryta, Strontia, Salt, Sulphur, 

_. Plumbago, Bitumen, Xe. 
Native Merats, or Metauirrerous Mrinprats ; these are found in masses or beds, in 

veins, and occasionally in the beds of rivers. Specimens of the following Metallic Ores are 
put in the Cabinet :—Iron, Manganese, Lead, Tin, Zine, Copper, Antimony, Silver, Gold, 
Platina, &c. 

Rocks: Granite, Gneiss, Mica-slate, Clay-slate, Porphyry, Serpentine, Sandstones, Lime- 
stones, Basalt, Lavas, &c. 

Pauz#ozorc Fossizs from the Cambrian, Silurian, Devonian, Carboniferous, and Permian 
Rocks. 

Sreconpary Fossius from the Rhetic, Lias, Oolite, Wealden, and Cretaceous Groups. 
Tertiary Fossits from the Plastic Clay, London Clay, Crag, &c. 
In the more expensive collections some of the specimens are rare, and all more select. 

JAMES TENNANT, Mineralogist (by appointment) to Her Majesty, 
149 Strand, London, W.C. March 1871. 
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Private Instruction in Mineralogy and Geolory is given by Professor Tun- 
nant, F.G.S., at his residence, 149 Strand, London, W.C. 

The Course on Mineralogy commences with a description of the Physical and Chemical 
characters of Minerals in general, and includes a minute description of all the substances 
entering into the composition of Rocks, and of those Minerals which are also used in the 
Arts; illustrated by an extensive collection of characteristic specimens, and diagrams of 

. 

a the principal crystalline forms, &e. The lessons on Geology are illustrated by a large 
_ series of Fossils. 

The Students are accompanied by the Professor to the Museum of Practical Geology, 
the British Museum, and other public institutions, and also on excursions into the country. 

SOPWITH’S GEOLOGICAL MODELS IN WOOD. 

To illustrate the nature of Stratification ; of Valleys of Denudation; Succession of Coal- 
- seams in the Newcastle Coal-field; Strata of adjacent Lead-mine districts ; the effects ‘pro- 
- duced by Faults or Dislocations; Intersections of Mineral Veins, &c.; accompanied with a 
_ letterpress description, which can be had separately, price 1s. 6d., by T. Sopwitn, C.H. &c. 

Sold in Case, bound and lettered to resemble a large folio volume. 
Twelve Models, 4 inches square............ £5 0 

A Catalogue of 2000 of the most common Fossils found in the British Isles, being a list 
_ of those in the private collection of J. Tennant, F.G.S. Price 2s. 

All the recent Works relating to Mineralogy, Geology, Conchology, and Chemistry; also 
Geological Maps, Models, Diagrams, Hammers, Blowpipes, Magnifying-Glasses, Platina 

| Spoons, Hlectrometer and Magnetic Needle, Glass-top Boxes, Microscopic Objects, Forceps, 
| Acid Bottles, &c., can be supplied to the Student in these branches of Science. 

KOR SALE.—TWO CABINETS, measuring 9 feet 3 inches long, 2 feet 4 inches wide, 
and 8 feet 10 inches high; each containing 45 drawers, with a Glass Case on the top of 
_ each Cabinet, 4 feet 11 inches high, and 15 inches from back to front. One Cabinet is filled 
- with 2600 Minerals, the other with 3400 Fossils. 

The Collection consists of six thousand specimens, many very select. The first Gold 
Nugget received from Australia, which was exhibited in the Exhibition of 1851, is in 
the Collection; it cost £37, and contains about 8 ounces of gold: also a fine series of 
Diamonds, illustrating crystalline form and colour, from India, Brazil, South Africa, and 

_ Australia. The specimens. have been used to illustrate the Lectures on Mineralogy and 
- Geology at King’s College, London, and at the Royal Military Academy, Woolwich. Price 

THREE THOUSAND GUINEAS. 
Any person wishing to become practically acquainted with the interesting and important 

study of MINERALOGY and GEOLOGY will find this a good opportunity to obtain an 
instructive and valuable Museum, the specimens having been collected with care and at 
great expense during the last thirty years. 

Elementary Geological Collections. at 2, 5, 10, 20, 50, to 100 guineas each, and 
every requisite to assist those commencing the study of this interesting branch of Science, 
a knowledge of which affords so much pleasure to the traveller in all parts of the world. 
A collection for Five Guineas, to illustrate the recent works on Geology, by Ansted, 

_ Buckland, Lyell, Mantell, Murchison, Page, Phillips, and others, contains 200 sng =», 
_ ina plain Mahogany Cabinet, with five trays, comprising the following specimens, viz. :— 

Mineraus which are either the components of Rocks, or occasionally imbedded in 
them—Quartz, Agate, Chalcedony, Jasper, Garnet, Zeolite, Hornblende, Augite, Asbestos, 
Felspar, Mica, Talc, Olivine, Hyacinth, Spinel, Corundum, Tourmaline, Calcite, Fluor, 

| Selenite, Baryta, Strontia, Salt, Sulphur, Plumbago, Bitumen, &e. 
Native Merats, or Murauuirerous Mrvnerats; these are found in masses or beds, in 

veins, and occasionally in the beds of rivers. Specimens of the following Metallic Ores are 
put in the Cabinet:—Iron, Manganese, Lead, Tin, Zinc, Copper, Antimony, Silver, Gold, 
Platina, Mercury, Titanium, &c. 

Rooks: Granite, Gneiss, Mica-slate, Clay-slate, Porphyry, Serpentine, Sandstones, Lime- 
stones, Basalt, Lavas, &c. 

Patmozoic Fossizs from the Cambrian, Silurian, Devonian, Carboniferous, and Permian 
Rocks. 

Srconpary Fossizs from the Rheetic, Lias, Oolite, Wealden, and Cretaceous Groups. 
Tertiary Fosstus from the Plastic Clay, London Clay, Crag, &c. 
In the more expensive collections some of the specimens are rare, and all more select. 

JAMES TENNANT, Mineralogist (by appointment) to Her Majesty, 
149 Strand, London, W.C. . April 1871. 
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