TUE
LONDON, EDINBURGII ano DUBLIN

PHILOSOPHICAL MAGAZ INE

AND

JOURNAL OF SCIENCE.

[FOURTH SERIES.]

SEPTEMBER 1861.
u
XXIIL On the Absorption and Radiation of Heat by Gases and
Vapours, and on the Ph sical Connexion of Radiation, Absorp-
tion, and Conduction=The Bakerian Lecture. By JouN
TynpaLL Esq., F.R.S. &c.*

[With a Plate.]

§ 1. THE researches on glaciers which I have had the honour

of submitting from time to time to the notice of the
Royal Society, directed my attention in a special manner to the
observations and speculations of De Saussure, Fourier, M. Pouil-
let, and Mr. Hopkins, on the transmission of solar and terrestrial
heat through the earth’s atmosphere. This gave practical effect
to & desire which I had previously entertained to make the
mutual action of radiant heat arnd gases of all kinds the subject
of an experimental inquiry.

Our acquaintance with this department of Physics is exceed-
ingly limited. So far as my knowledge extends, the literature
of the subject may be stated in a few words.

From experiments with his admirable thermo-electric appa-
ratus, Melloni inferred that for a distance of 18 or 20 feet the
absorption of radiant heat by atmospherie air is perfectly insen-
siblet.

With a delicate apparatus of the same kind, Dr. Franz of
Berlin found that the air contained in a tube 3 feet long ab-
sorbed 354 per cent. of the heat sent through it from an Ar-
gand lamp; that is to say, calling the number of rays which
passed through the exhausted tube 100, the number which
passed when the tube was filled with air was only 9646 1.

* From the Philosophical Transactions, Part 1. for 1861, having been

read at the Royal Society February 7, 1861. )
+ La Thermochrose, p. 136. t Pogg. Ann. vol. xeiv. p- 312,

Phil. Mag. S. 4. Vol. 22: No. 146. Sept. 1861. N



“taining it for his galvanometer, but the labour of doing so was
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In the sequel I shall r i
efer to circumstances which ind
%ga::izrelil;gs that ht'he res&ﬂt obtained by Dr. Franz islgu:c:o!::'
¢ e in his mode of observation. Th
experiments of this nature with whicl . e nton,
experiments, ature which I am acquainted, and
gro)(md. ¢ ficld of inquiry now before us perfectly unbroken
. e§d2(.)ant gr;s:acrllgr stag? of the investigation, I experienced the
-class galvanomecter. My inst
structed by that execllent work R} / 2of Boclin: The
RTINS N man, Sauerwald of Berlin. The
pendently of the shade; the ] i
constructed so as to enclose the iblo amonnt of sir
_ cle smallest possible amount of ai
the disturbance of aérial currents being thereby plr‘lac:if;:lllry’

avoided. The plane glass plate, which forms the cover of the

i::tt;;llcl:l?%eis cllose;f to tllxle needle; so that the position of the
read off with ea i
ey(:,r(];r by & ngnifying 1em"se and accuracy either by the naked
o iovglggro(fbt;};?nz(glfbelonginlg to this instrument was drawn
; _ rom a galvano-plastic f i
Prussian Capital ; but it % e
was not free from th i
In consequenc,e of its 1 ity i A b
impurity in this respect
Esgdlle& w;rﬁ perfectly astatic they deviated as mgch ;svgz)%nri t}llli
and ::1 t (;)e :;1 sz n?u{)ral hhn'e.h 'I}‘lo neutralize this, a ¢ compensat(i »
\ e use of, by which the needl
in ﬁp}gotsllltlop to the magnetism of tlu:3 (:?ills gently drawn fo sero
ut the instrument suffered much in poi i
. point of delicacy fi
it?l;;l(;rangim?nt, and accurate quantitative determinatiotr?g fvl:i)g)l
At :lllz.s:alllzll:é)llle.t I there%c/ire sought to replace the Berlin
byal etic one. r. Becker first suppli i
a clc;ﬂtwhlch reduced the lateral deflection from 38}: ;zdsrone v
" m\; .evexa tfhls small residue was a source of great annoyance
> me; ean | ;){r a time I almost despaired of obtaining purg cop-
P . new that Professor Magnus had succeeded in o!t))-

lexcmu:?:(g*;. Previous to undertaking a similar task, the thought
ocourred, 0 m(ia, that for my purpose a magnet furnished gan
i & e;i and perfect test as to the quality of the wire. Pu
msé);,:tx‘sw mu{arm_gnetw ;dhelnce its repulsion or attraction by tlx;z
would at once declare its fi
po? et wond st once declare ‘s tness or unfitness for the pur-
ragments of the wire first furnished
to me by M.
vale:e l;l}ir(l){ngly agcracted by the magnet. The wi};e fursna;:ﬁzgail)g
. Becker, when covered with it i
traIctflcll, though i3 a much feebler dle;'rg: eon sill was also at-
en removed the green silk - covering f
t rom th
teite}()i the naked wire. It was repelled. gl‘he wholee als;tsraﬁ:i
ogg. Ann. vol. Ixxxiii. p. 489 ; and Phil. Mag. 1852, vol. iii, py 82

Radiation of Heat by Gases and Vapours. 171

een silk ; some iron compound had
been used in the dyeing of it; and to this the deviation of my

needle from zero was manifestly due.
I had the green coating removed and the wire overspun with

shite silk, clean hands being used in the process. A perfect
sanometer 1s the result. The needle, when released from the
action of a current, returns accurately to zero, and is perfectly
free from all magnetic action on the part of the coil. In fact
while we have been devising agate plates and other elaborate
methods to get rid of the great Auisance of a magnetic coil*, the
means of doing so are at hand. Nothing is more easy to be
found than diamaguetic copper wire. Out of eleven specimens,
four of which were furnished by Mr. Becker, and seven taken at
random from our laboratory, rine were found diamaguetic and
only two magnetic.
Perhaps the only defect of those fine instruments with which
Du Bois Raymond conducts his admirable researches in animal
electricity is that above alluded to. The rieedle never comes £o
gero, but is drawn to it by a minute magnet. This defect may
be completely removed. By the substitution of clean white silk
for green, however large the coil may be, the compensator may

be dispensed with, and a great augmentation of delicacy secured.

The instrument will be rendered suitable for quantitative mea-

qurements ; effects which are now beyond the reach of experi-
ment will be rendered manifest; while the important results
a fraction of the length

~ hitherto established will be obtained with

of wire now in usef. ‘ )
t knowledge of the deportment of liquids and

3. Our presen
solids, would lead to the inference that, if gases and vapours
exercised any appreciable absorptive power on radiant heat, the
absorption would make itself most manifest on heat emanating
from an obscure source. But an experimental difficulty occurs
at the outset in dealing with such heat. How must we close
i through which the calorific

the receiver containing the gases
2 Melloni found that a glass plate one-tenth
d all the rays emanating from

rays are to be sent

of an inch in thickness intercepte

a source of the temperature of boiling water, and fully 94 per

cent. of the rays from a source of 400° Centigrade. Hencea tube
scarcely more suitable for the
than if its ends were stopped

was thus fastened on the gr

closed with glass plates would be

purpose now under consideration,
by plates of metal.

* See Melloni upon this

+ Mi. Becker, to whose skill and intelligence
¢ wire of the same fineness as

debted, furnished me with several specimens of W 1
that used by Du Bois Raymond, some covered with green silk and others
with white. The former were invariably attracted, the latter invariably
repelled. In all cases the naked Will: was repelled.

subject, Thermochrose, pp- 31-33. .
) F }{mve been greatly in-
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Rock-salt immediately suggests itself as the proper substance;
but to obtain plates of suitable size and transparency was ex-
ceedingly difficult. Indeed, had I been less efficiently seconded,
the obstacles thus arising might have been insuperable. To the
Trustees of the British Museum I am indebted for the material
of one good plate of salt; to Mr. Harlin for another ; while Mr.
Lettsom, at the instance of Mr. Darker*, brought me a piece of
salt from Germany from which two fair plates were taken. To
Lady Murchison, Sir Emerson Tennant, Sir Philip Egerton, and
Mr. Pattison my best thanks are also due for their friendly
assistance. ; -

The first experiments were made with a tube of tin polished
inside, 4 feet long and 2+4 inches in diameter, the ends of which
were furnished with brass appendages to receive the plates of
rock-salt. Each plate was pressed firmly against a flange by
means of a bayonet joint, being separated from the flange by a
suitable washer. Various descriptions of leather washers were
tried for this purpose and rejected. The substance finally
chosen was vulcanized india-rubber very lightly smeared with a
mixture of bees-wax and spermaceti. A T-piece was attached
to the tube, communicating on one side with a good air-pump,
and on the other with the external air, or with a vessel contain-
ing the proper gas.

The tube being mounted horizontally, a Leslie’s cube contain-
ing hot water was placed close to one of its ends, while an excel-
lent thermo-electric pile, connected with its galvanometer, was
presented to the other. The tube being exhausted, the calorific
rays sent through it fell upon the pile, a permanent deflection of
30° being the consequence. The temperature of the water was
in the first instance purposely so arranged as to produce this
deflection. _

Dry air was now admitted into the tube, while the needle of
the galvanometer was observed with all possible care.. Even by
the aid of a magnifying lens I could not detect the slightest
change of position. Oxygen, hydrogen, and nitrogen, subjected
to the same test, gave the same negative result. The tempera-
ture of the water was subsequently lowered so as to produce a
deflection of 20° and 10° in succession, and then heightened till
the deflection amounted to 40° 50° 60° and 70°; but in no
case did the admission of air, or any of the above gases into the
exhausted tube, produce any sensible change in the position of
the needle. :

It is a well-known peculiarity of the galvanometer, that its
higher and lower degrees represent different amounts of calorific

* During the course of the inquiry, I have often had occasion to avail
myself of the assistance of this excellent mechanician,

i
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. setion. In my instrument, for example, the quantity of heat

pecessary to move the needle from 60° to 61° i;«x about twenty
times that required to move it from 11° to 12° Now in the
case of the small deflections above referred to, the needle was, 1t
is true; in a sensitive” position ; but then the total amount of
heat passing through the tube was so ‘mconmderable that a small

r-centage of it, even if absorbed, might well escape detection.
In the case of the large deflections, on the other hand, though
the total amount of heat was large, and though the quantity
absorbed might be proportionate, the needle was in such a posi-
tion as to require a very considerable abstraction of heat to pro-
duce any sensible change in its position. Hence arose the
thought of operating, if possible, with large quantities of heat,

- while the needle intended to reveal its absorption should con-

‘nue to oceupy its position of maximum delicacy.
tm'lll‘(;le first at)t?;mptpat solving this problem was as follows :—My
galvanometer is a differential one—the coil being composed of
two wires wound side by side, so that a current could be sent
through either of them independent of the other. The thermo-
electric pile was placed at one end of the tin tube, and the ends
of one of the galvanometer wires connected with it. A copper
ball heated to low redness being placed at the other end of the
tube, the needle of the galvanometer was propelled to its stops
near 90°. The ends of the second wire were now 8o attached
toa second pile that when the latter was caused to approach the
copper ball, the current thus excited passed through the coil 13 :
a direction opposed to the first one: Gradually, r?s the secon
pile was brought nearer to the source of heat, the needle de-
scended from the stops, and (;ivhen thel twotcurrents were nearly
sition of the needle was close to zero. ‘
eq‘gtler? ik?eix we had a powerful flux of heat through the tube ;
and if a column of gas four feet long exercised any sensible
absorption, the needle was in the position best calculated to
seveal it. In the first experiment made in this way, the neutral-
ization of one current by the other occurred when the tube was
filled with air; and after the exhaustion of the tube .had com-
menced, the needle started suddenly off in a direction wbxlclh
indicated that a less amount of heat passed through the partia hy
exhausted tube, than through the tube filled with air. The
needle, however, soon stopped, turned, Qescended_ quickly to zero,
and passed on to the other side, where its deflection became per-
manent. The air made use of in this experiment came 1du-ect
from the laboratory, and the first impulsion of the need elwas,
probably due to the aqueous vapour precipitated as a clou
by the sudden exhaustion of the tube. When, previous to xts‘
admission, the air was passcd over chloride of calcium, or
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pumice-stone moistened with sulphuric acid, no such effect was
observed. The needle moved steadily in one direction until its
maximum deflection was attained, and this deflection showed that
in all cases radiant heat was absorbed by the air within the tube.

These experiments were commenced it the spring of 1859,
and continued without intermission for seven weeks. The course
of the inquiry during this whole period was an incessant struggle
with experimental difficulties. Approximate results were easily
obtainable ; but I aimed at exact measurements, which could not
be made with a varying source of heat like the copper ball. T
resorted to copper cubes containing fusible metal, or oil, raised
to a high temperature; but was not satisfied with their action. I
finally had a lamp constructed which poured a sheet of gas-flame
along a plate of copper; and to keep the flame constant, a gas
regulator specially constructed for me by Mr. Hulet was made

use of. It was also arranged that the radiating plate should .

form one of the walls of a chamber which could be connected
with the air-pump and exhausted, so that the heat emitted by
the copper plate might cross a vacuum before entering the expe-
rimental tube. With this apparatus I determined approximately
the absorption of nine gases and twenty vapours during the
summer of 1859. The results would furnish materials for a
long memoir ; but increased experience and improved methods
have enabled me to substitute for them others of greater value;
I shall therefore pass over the work of these seven weeks with-
out further allusion to it. :
On the 9th of September of the present year (1860) I resumed
the inquiry. For three weeks T worked with the plate of copper
as my source of heat, but finally rejected it on the score of in-
sufficient constancy. I again resorted to the cube of hot oil,
and continued to work with it up to Monday the 29th of

- October. During the seven weeks just referred to, I experi-

mented from eight to ten hours daily ; but these experimenits,
though more accurate, must unhappily share the fate of the
former ones. -In fact the period was one of discipline—a con-
tinued struggle against the difficulties of the subject and the
defects of the locality in which the inquiry was conducted.

. My reason for making use of the high sources of heat above
referred to was, that the absorptive power of some of the gases
which I had examined was so small that, to make it clearly
evident, a high temperature was essential. For other gases,
and for all the vapours that had come under my notice, a source
of lower temperature would have been not only sufficient, but
far preferable. I was finally induced to resort to boiling water,
which, though it gave greatly diminished effects, was capable of
being preserved at so constant a temperature that deflections

i
]
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i i ked by the errors of
h. with the other sources, would be mas f
:tl)];:r\;arilon, became with it grue quantitative measures of absorp
tion: ' .
i the experiments on
4. The entire apparatus made use of in :
abs§orption is ﬁguredptl))n Plate IIL. S§'isthe e.zperzmenﬁal tube,
composed of brass, polished within, ang csonmzlctéz'd, astz;:l Ogll;.tler;
. i .
ficure, with the air-pump, A A. At S and 5 are
t)}tl'erog{lf;a,lt which close the tube air-tight. The length fro;]n_ i
to §' is 4 feet. C is a cube containing boiling water, in Whic
is immersed the thermometer £. The cube is of cast cﬁp;;ler,
and on one of its faces 8 projecting ring was cast to w }1)0' a
brass tube of the same diameter as S S, and capable of %r;lg
connected air-tight with the latter, Wﬁs ca(litialely so%d:é'ei.hid‘ i:
N RN o
face of the cube within the ring is the radiating plate, h s
i < the cube C and the firs
coated with lampblack. Thus between ¢ and the B
¢ rock-salt there is a front chamber ¥, connec
g}:{c cuom}l) by the flexible tube D D, and capable of being exhausted
indgpendently of §8. To prevent tht}al heatt) o]g ‘conducgotl(l)
i -salt S, the tube F 18 cause
from reaching the plate of rock-salt 8, B s o
1 V, being soldered to the latter where
pass through & o from i Thi 1 is supplied with a con-
enters it and issues from 1t. is vesse pplied with a co
i h the influx tube i, which dips
tinuous flow of cold water throug : dips
; through the efilux
bottom of the vessel; the water escapes h th x
i?ﬂ:g Zeoand the continued circulation of the cold hquld] ctoné
pletely i’ntcrcepts the heat that wouldlothervlvllse lichht{:lhe 81 : ne;l S
1 is the -
The cube C is heated by the gas-lamp L. hermo,
ic pi i d at the end of the experimenta
clectric pile placed on its stand & end of the o the
d furnished with two conical reflectors, as sho '
:iugl:l?:n C' is the compensating cube, used 1';(1)1 neu'{lralsxzse' byTllfz
iation* the effect of the rays passing. turoug . °
:‘del;gizn of this neutralization was an operation of son(ie Q:h
lic%.cy' to effect it the double screl()en Hh'w{:s' tt:onneitczltebew:ui
’ 1t cou -
‘nch and screw arrangement, by which 1
3a:x‘2:(§ or withdrawn thro?lgh qxt(i'e{)ue}iytméﬁut; sgz(:s::.ofl;‘zs
1 eful adjunct I am indebted to the xin 3
:‘?i?nén (i\?ltr uéaesiot.'] NN is the galvanometflr, v:lth perfegtgl
i dles -magnetic coil ; 1t 1s connecte
astatic needles and perfgectly non-magne 0 I e .
1 the pile P by the wiresww; Y'Y is a syste ride-
Xi}-t(}::dt:igu}: tubes,yeach 392 inches long; Risa U-tube containing

fragments of pumice-stone, moistened with strong caustic pot-

ash: and Z is a second similar tube, containing fragments of.
3

3 ic acid.  When drying
: o_stone wetted with strong sulphuric act ;
?)Ei;m:a: g;‘med at, the potash tube was suppressed. When, on

i i i t T have abandoned the use of
* A1l be seen that in this arrangemen don se of
the dIitf;’f:rlelhtial galvanometer, and wnade the thermo-electric pile the differ

ential instrument.
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the contrary, as in the case of atmospheric air, both moistire

and carbonic acid were to be removed, the potash tube was in-

cluded. G G is a holder from which the gas to be experimented
~ with was sent through the drying-tubes, and thence through
the pipe pp into the experimental tube S §'. The appendage at

M and the arrangement at O O may for the present be disregarded;

I shall refer to them particularly by and by.

The mode of proceeding was as follows:—The tube S §'and

the chamber F being exhausted as perfectly as possible, the con-
nexion between them was intercepted by shutting off the cocks
m, m/. The rays from the interior blackened surface of the cube
C passed first across the vacuum F, then through the plate of
rock-salt S, traversed the experimental tube, crossed the second
plate §', and being concentrated by the anterior conical reflector,
impinged upon the adjacent face of the pile P. Meanwhile
the rays from the hot cube C' fell upon the opposite face of the
pile, and the position of the galvanometer needle declared at
once which source was predominant. A movement of the screen
H back or forward with the hand sufficed to establish an approxi-
mate equality ; but to make the radiations perfectly equal, and
thus bring the needle exactly to 0° the fine motion of the screw
above referred to was necessary. The needle being at 0°, the
gas to be examined was admitted into the tube; passing, in the
first place, through the drying apparatus. Any required quan-
tity of the gas may be admitted ; and here experiments on gases
and vapours enjoy an advantage over those with liquids and
solids, namely, the capability of changing the density at plea-
sure. When the required quantity of gas had been admitted,
the galvanometer was observed, and from the deflection of its
needle the absorption was accurately determined.

Up to about its 36th degree, the degrees of my galvanometer
are all equal in value; that is to say, it requires the same amount
of heat to move the needle from 1° to 2° as to move it from 85%
to 86°. Beyond this limit the degrees are equivalent to larger
amounts of heat. The instrument was accurately calibrated by
the method recommended by Mellom (T%kermochrose, p. 59) ; so
that the precise value of its larger detlections are at once obtained
by reference to a table. Up to the 36th degree, therefore, the
simple deflections may be regarded as the expression of the ab-
sorption ; but beyond this the absorption equivalent to any deflec-
tion is obtained from the table of calibration.

§ 5. The air of the laboratory, freed from its moisture and
carbonic acid, and permitted to enter until the tube was filled,
produced a deflection of about . . . . . . . . . 1°

Oxygen obtained from chlorate of potash and peroxide of
manganesc produced a deflection of about . . . . . . 1°
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One specimen of nitrogen, obtained from the decomposl 110

i bout . .
i h, produced a deflection of a '
of E;rgsgng;xpig:)ﬁ ,ziIr)xl;: and sulphuric acid produced a deﬁ?cnf‘!’l,

of ?});(lll:ogf;n ;>btz;int‘:d f:rom the electrolysis 0
deflection of about . . . - o 1. '; S aten, and sent
i f the electrolys: ‘
th Ooi?é%e;l sghzzné%deigliltmbulbs containing a strong solution %f
v

i f about . s .
jodi -ym. produced a deflection 0
todice gf Il)::: S:;;erzmrient the electrolytic oxygen \gas freegeggz?
it I:)lzgn: The iodide of potassium was afterwards supp s
its .

vas s PP s de.
and the oxygen, plus its ozone, admitted into the tube; the 42

flection produced was . . o« o w};ich. a(.:companied a
all quantity of ozone ed the
ox %erllc?nttligssgse t?ebled the absorption of ttli?n (:;yg;r; ll)iz;lifng
C i iment many X
ted this experime ;

. hazes;flgce:seof heat. With sources of high teuéﬁezztrz:
dlﬁ‘ea?fl}]'erence between the ozone and the ordinary oxylgmh omer
thi vlery strikingly. By careful decomposition & m
ou :

mount of ozone might be obtained, and a corresponding large
a

;ant heat produced. .
eﬁ'elcxf 8§t;?1(11i11?; the eler::trolytic oxygen, I made use of two differ

t vessels. To diminish the resistance of the acidulated water
ent v .

i essel a pair of
¢ the current, I placed in one v
v thf pzssalgaii(x)lum plates, between which the currTel?: (f)';ome:
‘ly)z?t’er;r%f &n of Grove’s cells was transmitted. yg
bubbles liberated on so

large a surface were extrﬁxpe(llydmi?l;tg,
i nt through 1odide of po-
thus generated, on being se dide of po-
itmsiitllﬁ g:‘::arcely %oloured the liquid ; the i:ha:}z:zt:;;sotrx:(:l 3essel
2;' ozon:a was also almost entirely absent. ; n  second v
. ller plates were used. The bubbles o oxygc O s
Jarg aII;d did not come into such intimate conbz: s with cithel
ltal‘feg:ﬁ;tinum or the water. The oxygen thus obtain
the characteristic reactions

of ozone ; and with it the above result
Wa'si‘ggtigézii.amount of heat 'crans,n}ittedf through the tu;)fo.l‘;l
1 duced a deflectionof . - - -
e E{Xperlmellllgtp(l)‘g heat the quantity necessary to causedt%e
chlk1€§ n?cs)ve from 0° to 1°, the number of units expressed by
needle rom
the above deflection 18
Hence the absorption
0-33 per cent.
I ar:n unable at the present moment
oxygen, hydrogen, nitrogen, and &

* 1t will be seen further on that this resnlé:e;sc ;1
pos'ltion that vzone, obtained in the manner

.. !
f water produce g..

. .

. . .

.by .the' ab.ové ge;.ses amounted to about

1 rtainty
oment to range yvxth ce
d pheric air 1n the order of

n harmony with the sup-
bed, is a compound body.

e
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their: ;absorptnfe powers, though I have made several hundred
experiments with the view of doing so. Their proper action is
so small that the slightest foreign impurity gives one a predomi-
nance over the other. In preparing the gases, I have resorted
to the methods which I found recommended in chemical trea-
tises, but as yet only to discover the defects incidental to
these methods. Augmented experience and the assistance of
my friends will, I trust, enable me to solve this point by and by.
An examination of the whole of the experiments induces me to
regard hydrogen as the gas which exercises the lowest absorp-

sorbent permanent gas that I have hitherto examined. I select
for this purpose an experiment made on the 21st of November.
_ The needle being steady at zero in consequence of the equa-
lity of the actions on the opposite faces of the pile, the admis-
sion of olefiant gas gave a permanent deflection of . . 70°3.
The gas being completely removed, and the equilibrium re-
established, a plate of polished metal was interposed between
one of the faces of the pile and the source of heat adjacent,
The total amount of heat passing through the exhausted tube
was thus found to produce a deflection of . .. 75
Now a deflection of 70°3 is equivalent to 290 units, and a
deﬂecthntgf 7?°hls equlivalent to 860 units; hence more than
seven-ninths of the total he
ey at was cut off by the olefiant gas, or
The extraordinary energy with which the needle was deflected
w}}en the olefiant gas was admitted into the tube, was such as
might occur had the plates of rock-salt become suddenly covered
with an opake layer. To test whether any such action occurred,

tive power against its stops. Tt was held steadily for a cpns1derable time ‘w!

. inin 80° and 90°. . ail
.IVVC have here the cases of minimum_ gaseous absorption. It betxe:igw - r:ent 0. et through the abs gradualy emoved ;:q ;
will be }nterestmg to place m juxtaposition with the above results the gas and the needle returned accurately to zero. hout 12 ;{-1.,5;,
some of those obtained with olefiant gas—the most highly ab- The ’gas within the holder being under a pressure of abou : i

o onp—— - T
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‘ £ doubt as to
acity was observed. To remove the last trace o ;
:lll)ecpgssible action of the gas on the plates of roc -salt,dthi t};
tube referred to at the corr_lmen_cement was perforated & 1&t
centre and a cock inserted into1t; the source of heatdyvatts a
one end of the tube, and the thermo-electric plle at son(11e 1sd artlhe
from the other. The plates of salt were entirely abandoned, the
tube being open at its ends and consequently full of a}r.t oo

fiant gas to stream for a second or two mto

ing the ole
ztiggzmtll;grough the central cock, the needle flew off and struck

.

the cock attached to the cube was turned q‘mclil.y
on and off ; the quantity of gas which entered the lt)ubg n ::1 :2
brief interval was sufficient to cause tht: needle Oto e drive
the stops, and steadily held between 60° and 70°. 4 once half
The gas being again reyloved, the cock was turzllq n e b
round ‘as quickly as possible. The needle was drwven 1 o
frst instance through an are of 60°, and was held permanently
° .
™ %?m quantity of gas which produced this last effect, ondbzmeg_
admitted into a gradua’ced1 tube, was found not to excec n
i a cubic inch in volume.
sm%ngtube was now taken away, and both sources of hf:la;t
allowed to act from some distance on the thermo-elez:ltl"clc .plm;
‘When the needle was at 2€r0, olefiant gas was allowed to lfsihe
from a common argand burner 1nto the air between one (;h. e
sources of heat and the pile. The gas was 1nv1s1b1e,dq(t> ing
was seen in the air, but the needle immediately declare its pre-
being driven through an arc of 41°. In the four experl-

inches of water,

sence,

&
B

P

Jom

s a cube of oil heated

I polished a plate carefully, and projected against it for a con- abe o ol beated
e being

siderable time a stream of the ; i

gas; there was no dimness pro-
duped. The plates of rock-salt, moreover, which were retm}))ved
daily from the tube, usually appeared as bright when taken out

Y ments last described, the source of heat wa
to 250° Centigrade, the compensation cub

o -y
bm'}l:ﬁgs: ;}S; like myself have been taught to regard transparent \/

" e gt e B i ill probably share the
; : i lmost perfectly diathermanous, Wit Pro- y

The gas in these experiments issued from its holder, and had : g:tsgii:;;gl: wi}::h whigh 1 witnessed the foregong effects.

there been in contact with cold water. To test whether it had was indeed slow to believe it possible that a body so constituted,

flled a smior holder with. tmosphorie s and alomed 1 1o 7 and so transparent to light as olefiant gas, could be so densely

filled a similar holder with atmospheric air and allowed it to ) o O abrific rays ; and to secure myself against

. kin nyse
attain the temperature of the water; but its acti opake to any ! AR
. et hundred experiments wl is sing

thereby sensibly augmented. ’ ction was not % error, 1 made geveral hu p

'] g to Ocula t I ! . B CItlll them at gl‘eatel‘ length, however, Ido not thlnk I
I' €xamination had H Stance y g

glass tube constructed and connected with the air-pump. On
permitting olcfiant gas to enter it, not the slightest dimness or

* With a cube containing boiling water 1 have since made this experl-
l - ment visible to 8 large audience.

o
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)

th i
e case is one of true calorific absorption*

g

of heat extinguished ?”

I sought at first
: to answer thi ion 1 ]
An g answer this question in the followi
s ey e
experimenta T et austed, ar')d the needle of the ’I :
oy , olef gas was admitted until i S e
e B e e el
corvad wnd thas th until epression of 2 inch b
. o heorotion. off nches was ob-
more inches tension - i coted by gas of 1, 2, 3
fmore In was determined. In the’ .2, 8, end
column contains the tensions in inchzsf(illll?;l;:%‘aagle
) b n e

deflections, and i
> th :
fection. g e third the absorption equivalent to each de

TasLe I.—Olefiant Gas.

Tensions in inches. Deflections, Absorptio
n,
; 56 90
2 ) 582 123
3 - 593 142
1 60-0 157
2 60'5 168
: 610 177
! 614 182
8 617 186
20 660 égg

No definite relati
. tion betwe :
ahsorption i " en the density of )
o dI:an]:iI: 1ss el:}ere gxhlblted. ‘We see thaty a’; atl}l‘e gas and its
tion ; whilsc; aen ftzges.about doubles the amount %Fltintatlon of
absorption fg s of 20 inches tension effects onl ¢ absorp-
Bu}t) herotﬁas possessing 1 inch of tension y 24 times the
" But here the foloving reetons uggcst {hemsclves It
deﬂection as 560 gas Ot-' 1 H.ICh tension) Pl‘Oducin " 'i—It 18
which are capabl’enc:;ls}:;mngbumhba large proporti;)ngoi'othz" ge a
. ing absorbed by th $ rays
su ;
acfcs;ggl%n ‘Ilnzasures having a less an leses i::rs;,oﬁng flence the
st produce a continually smaller eﬁ'ecré Othte at to
. ut sup-

* It is evident that th
gas. Ind e old mode of experiment i .
absorptivee;(;’w se(i‘ver:;_lI oé‘ the solids e:xamin}:ad byellluﬁoglﬁt be applied to this
. Had time permitted, I should have c?x‘:cl]:;; rior to it in
my results

by experiments i
O made in the usnal way; this I intend to do on a fi
" a future’

-

posing the quantity of gas first mtro

be propomonal to the density

- and afterwards the tu_be S
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duced to be 8o inconsiderable ‘

that the number of rays extinguished by it is a vanishing quan-
ith the total number capable of absorption, W€

tity compared Wi
might reasonably expect that in this case 3 double quantity of
would produce & double effect, 2 treble quantity 2 treble

effect, or in general terms, that the absorption would, for a time,

To test this idea, a portion of the apparatus, which was pur-
i given, was made use

posely omitted in the description already

of. 00, Plate 111, isa graduated glass tube, the end of which
dips into the basin of water B. The tube can besstopped above
by means of the stopcock 7 3 @ dis a tube containing fragments
of chloride of calcium. The tube OO being first filled with

water to the cock 7 bad this water displaced by olefiant gas;
8/, and the entire space between the
cock 7 and the expenmental tube, was exhausted. The cock n
being now closed and 7' left open, the cock 7 at the top of the
tube QO was carefully turned on and the gas permitted to
enter the tube S S with extreme slowness. The water rose in

0 0, each of whose smallest divisions represents a volume of 5'gth
this capacity were

of a cubic inch. Suecessive mMmeasures of
admitted into the tube and the absorption in each case deter-

mined. :
In the following Table the first colurnn contains the quantity
ontains the corre-

of gas admitted into the tube ; the second ¢
sponding deflection, which, within the limits of the Table, ex-

te)
presses the sbsorption; the third column contains the absorp-

ulated on the supposition that it is proportional to the

tion, cale
density. ) :
TABLE 11.—Olefiant Gas.
Unit-measure Foth of a cubic inch.
Absorption.
Measures of gas. Observed. Calculated.
1 22 22
2 45 44
3 66 66
4 88 88
b 110 110
6 120 132
7 148 . 15'4
8 168 176
9 198 19-8
10 22:0 22:0
11 24°0 242
12 264 264
13 290 286
14 302 ' 298
15 336 330
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This Table shows the correctness
proves that for small quantities of
proportional to the density,

et us now estimate the tensions of the ‘
which we have here operated. The length of the experimental
tube is 48 inches, and itg diameter 2-4 inches; its volume jg
therefore 218 cubic inches, Adding to this the contents of the

of . the foregoing surmise, and
gas the absorption is exactly

through a space of 220 cubic inches. The te
a single measure of the gas thus diffused wo
an atmosphere,—a tension ca
column connected with the
of a millimetre |

But the absorptive energy of olefiant gas, extraordinary as it
is shown to be by the above experiments, is far exceeded by that
of some of the vapours of volatile liquids, A glass flask was
provided with a brags cap furnished with an interjor thread, b

nsion, therefore, of
uld be Trogoth of
pable of depressing the mercurial

pump xg-th of an inch, or about Trth

the needle brought to zero. The cock was then turned on so

d the experimental tube,
the air-pump, and when it
romptly closed. The gal-
the partial cutting off of
; @ second quantity of the

ge another inch, was then
admitted, and in this way the absorptions of five successive

measures, each possessing within the tube 1 inch of tension,
were determined, -

In the following Table the §
in inches, the second the deflection due to each

TanLe IIT.—Sulphurie Ether,

B Tensions in  Deflections. Absorption. Corresponding absorption
inches, by olefiant gas.
1 648 214 90
2 700 282 123
3 720 315 142
4 730 330 154
5 73:0 330 ; 163

quantities of gas with
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ic i diant heat by the
tensions the_absorption of ra '
- t}}e:?llphuric ether is more than twice the absorp'?on oﬁ
VTPI;) ul"co as. We also observe that in the case of1 the ormt(iao
:hee 9;llcct;sss.i've absorptions approximate more quickly to a ra

‘of equality. In fact the absorption produced by 4 inches of .

ibly the same as that produced by 5.
th%vatplllgeg?:nssmsliﬂgr to those which we have already apphid
to ol‘elzﬁant gas are also applicable to ether. Supp(;ismtgdvgset f;ae 3

it-measure small enough, the number of rays firs ty
ol o ILlein comparison with the total number, and for a time
e :‘antlswill probably manifest itself that the absorptml:h}s
1(;111'le t?c roportional to the density. To examine W.hetge'r ! ﬁz
i I‘telfe )c’age the other portion of the apparatus, olr{nfgtek mitha
o eral de;,cription, was made use of, K is a sma :;csc' w ha
%en cap, which is closely screwed on to the stopeoc c B
v hp’ cocks ¢ and ¢, which latter is connec':ted wit 'the ex
berimer teal tube, is the chamber M, the capacity of whic vgzﬁ
perlmetnl determined. The flask % was partially filled \\12 '
acﬁura e?i the air above the liquid removed. The sto%cocbcr
beine ag t off and ¢ turned on, the tube S §' and the ¢ ambe
Seing ® uhausted The cock ¢ is now sl_lut off, and ¢ being
e arg o the chamber M becomes filled with pure ether vapgutr.
By turnin c off and ¢ on, this quantity of vapour is allowed to
B)&tun?tgglf through the experimental tube, and its abljorlt)tll()): -
gl tuSe ined ; successive measures are thus sent into tf e Pu )
edel’;gle effect produced by each is noted. Measl}ljes o varf}c;he
2:pacities were made use of, according to the requirements o
Vapou:}sl: E::;n;:gi'es of experiments made with this apparatus, 111
I'fted to remove the air from the space above the hqu}d ; ea::1 :
zln;;sure therefore sent in to }fhe ftfubte wfats,t ﬁemfx'::;r:r ° b:r:épthe
i is diminished the effect o i ; :
o al:{ n;ll‘als (}Lﬂnau quantities, of density to abs%rptlon
E;ﬁ?gil:cs Oitselfys’o decidedly as to in(%uce n;e.to gtll‘:: trgza(s)u::;vz}
tions. The first column, as usual, con amsd bo measures of
d absorption, and the thir ‘
z:rlftl:(‘i’ gges::;:ﬁi.theﬁf egr:l(iranometprichdeﬂectio(rlls axie omlxlntteIdr,‘
ir i being contained in the second column.
:':ce:ra: %::viix}lx?eighﬂ%.observation, the absorptions are merely
the record of the deflections.

"
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Up to the 10th measure we find that densi
augment in precisely the same ratio.

from 1 to 10, the latter varies from 4
measure, however, a deviation from proportionality is apparent
gradually augments from 20 t ¢
on the rays capable of being absorbed,—the
becoming so considerable,
ounters a smaller number of such

Prof. Tyndall on the Absorption and

TasLe IV.—Mixture of Ether Vapour énd Air.

Unit-measure Foth of a cubic inch.

Measures, dbserved.

1 45

2 9-2

3 135

4 18:0

5 228

6 27°0

7 318

8 360

9 39-7
10 450
2 810
21 828
22 - 840
23 870
24 880
26 900
26 93:0
2 940
28 95:0
29 98:0
30 100-0

and the divergence
20 measures tell up
quantity destroyed
tional measure enc
hence produces a diminished effect.
With ether vapour alone,
Table were obtained. Wis
ercised by vapour of very 1
measure was reduced to +&4th of a cubic inch.

* Absorption.

ow tension,

Caleulsted.
45
90

135
180
235
270
315
360
400
450
900
950
990
1040
1080
1130
117:0

1220

1260

1310

1350

the results recorded in the following
hing to determine the absorption ex-
the capacity of the unit-

nsity and absorption
While the former varies
5 to 45. At the 20th
o 30.

that every addi-

——

Absorption. Absorption.
et St ——
Measures. Observed. Calculated. Measures. Observed. Calculated.
1 50 46 17 655 772
2 103 9-2 18 680 830
4 19-2 184 19 70-0 874
5 24-5 230 20 72:0 92-0
6 29'5 270 21 73:0 96'7
7 345 32:2 © 22 730 101-2
8 380 36'8 23 730 1058
9 440 414 24 770 1104
10 462 46'2 25 78:0 1150
11 500 506 . 26 78:0 119:6
12 52:8 552 27 80-0 124-2
13 550 59-8 28 805 1288 .
14 572 644 29 810 1334
15 594 69-0 30 - 810 1380
16 625 736

We here find that the proportion between density and absorp-
tion holds sensibly good for the first eleven measures, after which

Radiation of Heat by Gases and Vapours.

TasrLe V.—Sulphuric Ether.

Unit-measure ;35th of a cubic inch.

the deviation gradually augments.

I have examined some specimens of ether which acted still

185

more energetically on the thermal rays than those above recorded.
No doubt for smaller measures than ;1-th of a cubic inch the
above law holds still more rigidly true; and in a suitable loca-
lity it would be easy to determine with perfect accuracy ;;th of
the absorption produced by the first measure ; this would corre-
spond to —L _th of a cubic inch of vapour. But on entering
the tube the vapour had only the tension due to the temperatuve
of the laboratory, namely 12 inches. This would require to be
multiplied by 25 to bring it up fo that of the atmosphere.
Hence the —i__th of a cubic inch, the absorption of which I have
affirmed to be capable of measurement, would, on being diffused
through a tube possessing a capacity of 220 cubic inches,
have a tension of =X ;o x Ao=_——I__ thpartof an atmo-
sphere !

I bave now to record the results obtained with thirteen other
vapours. The method of experiment was in all cases the same
as that just employed in the case of ether, the only variable cle-
ment being the size of the unit-measure; for with many sub-
stances no sensible effect could be obtained with a unit volume
so small as that used in the experiments last recorded. With
bisulphide of carbon, for example, it was necessary to augment
the unit-measure 50 times to render the measurements satisfac-
tory. .

Plil. Mag. S. 4. Vol. 22. No. 146. Sept. 1861. 0
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TasLe VI.—Bisulphide of Carbon.
Unit-measure 4 a cubic inch.

Absorption.
Measures. Observed, Calcu]at?l.
1 22 2:2
2 49 4-4
3 65 66
4 88 88
5 107 110
6 12:5 130
7 138 154
8 145 176
9 150 190
10 156 220
11 162 242
12 168 264
13 176 286
14 18-2 . 308
15 190 - 330
16 200 352
17 2000 . 374
18 202 396
19 210 418
20 210 440

As far as the sixth measure the absorption is proportional to
the density ; after which the effect of each successive measure
diminishes. Comparing the absorption effected by a quantity
of vapour which depressed the mercury column half an inch,
with that effected by vapour possessing one inch of tension, the
same deviation from proportionality is observed.

By mercurial gauge.

Tension. Absorption.
% inch - 148
inch 188

- These numbers simply express the galvanometric :deflections,
which, as already stated, are strictly proportional to the absorp-
tion as far as 36° or 87°.  Did the law of proportion hold good,
the absorption due to 1 inch of tension ought of course to be
296 instead of 18-8. :

' Whether for equal volumes of the vapours at their maximum
density, or for equal tensions as measured by the depression of
the merenrial column, bisulphide of carbon exercises the lowest
absorptive power of all the vapours which I have hitherto ex-~
amined. For very small quantities, a volume of sulphuric ether
vapour, at its maximum density in the measure, ‘and expanded
thence into the tube, absorbs 100 times the quantity of radiant
heat intercepted by an equal volume of. bisulphide of carbon

vapour at its maximum density. These are the extreme limif% -

W
3

L £

Lo s, T 3
3 ERS Th
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of the scale, as far as my inquiries have hitherto proceeded.
The action of every other vapour is less than that of sulphuric
ether, and greater than that of bisulphide of carbon.

A very singular phenomenon was repeatedly observed during
the experiments with -bisulphide of carbon. After determining
the absorption of the vapour, the tube was exhausted as perfectly
as possible, the trace of vapour left behind being exceedingly
minute. Dry air was then admitted to cleanse the tube. On
again exhausting, after the first few strokes of the pump a jar was
felt and a kind of explosion heard, while dense volumes of blue
smoke immediately issued from the cylinders. The action was
confined to the latter, and never propagated backwards into the
experimental tube. : ' '

It is only with bisulphide of carbon that this effect has been
observed. It may, I think, be explained in the following man-
ner :—To open the valve of the piston, the gas beneath it must
have a certain tension, and the compression necessary to produce
this appears sufficient to cause the combination of the consti-
tuents of the bisulphide of carbon with the oxygen of the air.
Such a combination certainly takes place, for the odour of sul-
phurous acid is unmistakeable amid the fumes.

To test this idea I tried the effect of compression in the air-
syringe. A bit of tow or cotton wool moistened with bisulphide

of carbon, and placed in the syringe, emitted a bright flash

when the air was compressed. By blowing out the fumes with
a glass tube, this experiment may be repeated twenty times with
the same bit of cotton. = .~

It is not necessary even to let the moistened cotton remain in
the syringe. If the bit of tow or cotton be thrown into it, and
out again as quickly as it can be ejected, on compressing
the air the luminous flash is seen. Pure oxygen produces a
brighter flash than atmospheric air. These facts are in har-
mony with the above explanation. =~ °

Tasre VII.—Amylene.
Unit-measure y%th of a cubic inch.

Absorption.
Measures, Orl?served. Calculated.
1 34 43
2 84 86
3 12:0 1249
4 165 17-2
5 21°6 215
6 265 258
7 N 306 301
8 353 344
9 39-:0 387
10 440 430
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For these quantities the absorption is proportional to the den-
sity, but for large quantities the usual deviation is observed, as
shown by the following observations :—

By mercurial gauge.

Tension. Deflection. Absorption.
% inch 60 157
1 inch 65 216

Did the proportion hold good, the absorption for an inch of
tension ought of course to be 314 instead of 216.

TasLe VIIL—Iodide of Ethyle.
Unit-measure {;th of a eubic inch.

Absorption.
Messures. rObserved. Calculated.‘
1 54 51
2 10-3 10-2
3 16'8 153
4 22:2 204
b 266 255
6 318 306
7 356 359
8 40:0 408
9 44-0 459
10 475 51-0
By mercurial gauge.
Tension. Deflection. Absorption.
} inch 563 94
1 inch .. 582 120

TanLe IX.—Todide of Mefhy]e.'
Unit-measure 1'5th of a cubic inch.

Absorption.

Measures. Observed. Calculated.

1 36 34
2 70 68
3 103 102
4 150 136
5 175 17-0
6 20°5 20-4
7 24® 23-8
8 263 272
9 300 306
10 32-3 34-0

ol ——

B
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By mercurial gauge.

Tension. ) Deflection. Absorption.
3 inch 485 60
1 inch : 565 96

TasrLe X.—Iodide of Amyle.
Unit-measure {5th of a cubic inch.

Absorption.

Measures. - Observed, Calculated.

i 06 057

2 - 10 11

3 14 17

4 20 2:3

5 30 29 .

6 38 34

7 45 40

‘8 50 4-6

9 50 51

10 58 57

The deflections here are very small ; the substance, however,
possesses so feeble a volatility, that the tension of a measure of
its vapour, when diffused through the experimental tube, must
be infinitesimal. With the specimen which’I examined, it was
not practicable to obtain a tension sufficient to depress the mer-
cury gauge % an inch; hence no observations of this kind are
recorded. ‘

’

- Tasrr XI.—Chloride of Amyle.

Unit-measure {%th of a cubic inch.

Absorption.
Measures. Observed. Calculated.
1 1-3 13
2 30 26
3 38 39
4 51 52
5 68 65
6 85 78
7 90 91
8 109 104
9 11-3 117
10 123 13-0
By mercurial gauge.
Tension. Deflection. Absorption.
§ inch 59 137
1 inch . not practicable.
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Tasre XII.—Benzole.

Unit-measure ysth of a cubic inch.

Absorption.
Measures, Observed. Calculated.
1 4:5 45
2 95 90
3 140 1356
4 185 180
5 226 22'5
6 27°5 270
7 316 315
8 355 36°0
9 390 400
10 440 450
. 1 47°0 49:0.
12 490 540
13 510 585
14 540 630
15 560 _ . 675
16 - 590 720
17 630 765
18 670 810
19 690 85'6
20 72:0 900

Up to the 10th measure, or thereahouts, the proportion between
-density and absorption holds good, from which onwards the

deviation from the law gradually augments.

By mercurial gauge.
Tension. . - - Deflection. : Abuorpt’ion.,
% inch 54 78
1 inch 57 103

TasLe XIII.—Methylic Alcohol.

Unit-measure y{;th of a cubic inch.

Absorption.
Measures. Observed. Calculated.
1 100 100
2 200 - 200
3 300 300
4 40'5 400
5 490 500
6 535 . 600
7 59-2 700
8 71:5¢ 800
9 780 900
10

84:0 1000

e

"o
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By mercurial gauge.

Tension. Deflection. Absorption.
§ inch 588 133
linch . 605 168

TasLe XIV.—Formic Ether.
Unit-measure {%th of a cubic inch.

Absorption.
Measures. Observed. Calculated.
1 80 75
2 160 150
3 2225 22'5
4 300 300
5 352 376
6 395 450
7 450 52'5
8 480 60-0
9 50-2 67'5
10 536 "~ 750
By mercurial gauge.
Tension. Deflection. Absorption,
% inch 588 133

1 inch 62:5 193

TasLe XV.—Propionate of Ethyle.
Unit-measure {%th of a cubic inch.

Absorption.
Measures. Observed. Calculated.
1 70 70
2 140 14-0
3 218 21-0
4 288 28-0
5 344 350
6 388 420
7 41-0 490
8 42'5 56-0
9 448 630
10 46'5 70:0
By mercurial gauge.
Tension. Deflection. Absorption.
} inch 60-5 168
1 inch not practicable.

101
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Tasre XVI.—Chlovoform,

* Unit-measure %;th of a cubic inch.

Absorption,
I, A,

Measures. Observed. Calculat?d.
1 45 4'5
2 90 90
3 138 135
4 18-2 180
5 22-3 22'5
6 270 270
7 312 315
8 350 36-0
9 390 405

10 400 450

Subsequent observations lead me to believe that the absorp-

gi‘olr:lby chloroform is a little higher than that given in the above
able, : :

TasLe XVIL.—Alcohol,
Unit-measurce } a cubic inch.

Absorption.
L[S
Measures. Observed. Calculated?
1 40 40
2 72 80
3 105 12:0
4 140 16:0
5 19-0 20:0
-6 230 240
7 285 280
8 32:0 320
9 37°5 360
10 i 41-5 400
11 ) 458  “ 440
12 480 480
13 504 52:0
14 53'5 560
15 558 600
By mercurial gauge.
Tension, Deflection, Absorption.
1 i_nch 60 157
1 inch not practicable.

The difference between the measurements when equal fensions
and when equal volumes at the maximum density are made use
of is here strikingly exhibited.

In the case of alcohol I was obliged to resort to a unit-mea-
sure of § a cubic inch to obtain an effect about equal to that

.
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produced by benzole with a measure possessing only %th of a
cubic inch in capacity; and yet for equal tensions of 05 of an
inch, aleohol cuts off precisely twice as much heat as benzole.
There is also an enormous difference between alcohol and sul-
phuric ether when equal measures at the maximum density are
compared ; but to bring the aleohol and ether vapours up to a
common tension, the density of the former must be many times
augmented. Hence it follows that when equal fensions of these
two substances are compared, the difference between them dimi-
nishes considerably. ~Similar observations dpply to ‘many of the
substances whose deportment is recorded in the foregoing Tables;
to the iodide and chloride of amyle, for example, and to the pro-
pionate of ethyle. Indeed it is not -unlikely that with equal
tensions the vapour of a perfectly pure ‘specimen’ of the sub-
stance last mentioned would be found to,possess a higher
absorptive power than that of ether itself.

It has been already stated that the tube made use of in these
experiments was of brass polished within, for the purpose of
bringing into clearer light the action of the feebler gases and
vapours. Once, however, I wished to try the effect of chlorine,
and with this view admitted a quantity of the gas into the ex-
perimental tube. The needle was deflected with prompt energy ;
but on pumping out ¥, it refused to return to zero. To cleanse
the tube, dry air was introduced into it ten times in suecession ;
but the needle pointed persistently to the 40th degree from zero.
The cause of this was easily surmised : the chlorine had attacked
the metal and partially destroyed its reflecting power; thus the
absorption by the sides of the tube itself cut off an amount of
heat competent to produce the deflection mentioned above. For
subsequent experiments the interior of the tube had to be re-
polished.

Though no other vapour with which I had experimented pro-
duced a permanent effect of this kind, it was necessary to be
perfectly satisfied that this source of error had not vitiated the
cxperiments. To check the results, therefore, I had a length of
2 fect of similar brass tube coated carefully on the inside with
lampblack, and determined by means of it the absorptions of all
the vapours which I had previously examined, at a common ten-
sion of 0'3 of an inch. A general corroboration was all I sought,
and I am satisfied that the few discrepancies which the mea-
surements exhibit would disappear, or be accounted for, in a
more careful examination. .

In the following Table the results obtained with the blackened
and with the bright tubes are placed side by side, the tension

* Dense dark fumes rose from the cylinders on this oceasion ; & similar
effect was produced by sulphuretted hydrogen. -
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in the former being three-tenths, and in the latter five-tenths of
an inch. ‘

Tasre XVIIL
Absorption.
Bright tube, Blackened tube, Absorption with
Vapour. 05 tension, 03 tension, bright tube pro-
. . n‘

Bisulphide of Cartbon . . 50 21 re 2103l1al '
Iodide of Methyle . . . 158 60 71
Benzole . . . . . . 175 78 79
Chloroform . . . . . 17:5 89 79
Todide of Ethyle . . . 21'5 94 Yy
Wood-spirit . . . . . 265 123 120
Methylic Alecohol . . . 290 133 131
Chloride of Amyle . . . 300 137 135
Amylene . . ., . . . 318 157 143

The order of absorption is here shown to be the same in both
tubes, and the quantity absorbed in the bright tube is, in
general, about 44 times that ebsorbed in the black one, In the
third column, indeed, I have placed the products of the numbers
contained in the first column by 4-5, These results completely
dissipate the suspicion that the effects observed with the bright
tube could be due to a change of the reflecting power of its
inner surface by the contact of the vapours. ‘

With the blackened tube the order of absorption of the fol-
lowing substances, commencing with the lowest, stood thus:—

Alcohol,
Sulpburic ether,
Formic ether,
. Propionate of ethyle;
whereas with the bright tube they stood thus:—
Formic ether,
Alcohol,
Propionate of ethyle,
Sulphuric ether.

_As already stated, these differences would in all probability
disappear, or be accounted for on re-examination. Indeed very
slight differences in the purity of the specimens used would be
more than sufficient to produce the observed differences of ab-

ton¥
sorption*¥, [To be continued.]

*In ill_ustration of this I may state, that of two specimens of methylic
aleohol with which I was furnished by two of my chemical friends, one gave
an absorption of 84 and the other of 203. The former specimen had been

urified with great care, but the latter was not pure. Both specimens,

owever, went under the common name of methylic alcohol. I have had
a special apparatus constructed with a view to examine the influence of
ozone on the interior ‘of the experimental tube.

'
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XXIV. Some Remarks on Dr. Siemens’s Paper ¢ On Standards
- of Electrical Resistance, and on the Influence of Temperature on
ihe Resistance of Metals.” By A. MATTHIESSEN, F.RS* /

l.IN the above paper +, page 92 (2nd paper), M. Siemens states,
« Jt may be asserted without all doubt, that the most expe-
rienced and skilful physicists, even with the best instruments and -
most appropriate localities, are not able to determine registances
in absolute measure which do not vary several per cent. /A stand-
ard of so little accuracy would not even answer the rafpuirements
of technical purposes”’ M. Siemens, however, does not give the
grounds on which he bases the above assertion,

Prof. W. Thomson, in a paper published n thé ¢ Proceedings
of the Royal Society > (vol. viil. p. 555), says, £ It is impossible
to over-estimate the great practical value of this system of abso-
Tute measurement carried out by Weber into severy department of
electrical science” 1 have always understood that the determina-
tions of resistances in absolute measure byWeber’s methods were
most accurate ; and in order to be able {6 answer this point more
definitely, I wrote to Prof. W. Thomsen and asked him to give
me his opinion on the subject, knowing that the opinion of such
a distinguished physicist would Mave great weight—in fact,
would settle the question. ‘

Prof. Thomson’s answer was the following :— )

« There can scarcely be a doibt but that Weber’s original deter-
mination of resistance in absojitle measure (Pogg. Ann. vol. Ixxxii.
p. 33) was considerably withjh one half per cent. of the truth. He
usediworemarkablydifferend methods, and obtained bymeans of them
190G+3 and 1898 respectifely for the absolute measure of the resist-
ance of one of his condutors. The details of the application of each
of the two methods seyarately present so much consistence, that the
possibility of so gregt an error as one half per cent. could not be

admitted in the nlean result of either considered alone, unless
in the corrections directly applied to it. Any
such doubt seemé perfectly removed by the close agreement between
the two resultyderived from the two different methods, with different
ingtruments, fvery dissimilar experimental operations, and perfectly
distinet reductions and corrections to reduce to absolute measure.
The meay of the two numbers quoted above, being 19005, differs
an 0-14 per cent. from each of them. It is not improba-
this mean may be within O'1 per cent. of the truth: it is

ommunicated by the Author.

Pogg. Ann. vol. exiii. p. 91. In order to prevent mistakes I will call
this the 2nd paper; the 1st paper being the origipal one, where M. Siemens
roposes mereury as a standarc (Phil. Mag. Jan. 1861).
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ing interference of these pencils, is ce;ja}n y

- colfg uiedr::sctsxz?rnt;i;gle facts in physical optics; agld,txgnt
Sheoreti el oint of view, no less remarkable is the f 2;1 one
theoret}c: tI':arin portions is a fasciculus of pencﬂ%ﬁ?&turggﬂ‘ tnto

:}fn:h:e?:agzed\bgam by different routes, and JHaving diie

B win to the extreme thinness of th fbombined films, tv}::
- ::'ith thick plates of uniaxal (p.{‘%:stals, see at once the
Tk 2oon and its attendant rings ;- E)} in numerous spﬁcu{rillms
o oo ed glass to which I hayealready referred, the filr H
of .dec%mi?o:l sh%lls of different diameters and thlcknqzs%s, 3;1 :
giiiri)t i{\lg black cross with tl;e’"1greatestb§r}lx$i-g2§ssa:: . :f%ct{;

i it ombi :
oy Spec:lmfl?es cgllg\sle ’*Q(I);mtlhzr f:):ur luminous sectors which
s e & ise only to the white of the first order.
so thin as to give the colours of thin
the luminous sectors is generally the zaaz
in which the circular portions occur,lgn the
‘which surround them havea very pelcu 1ia}rl ha-
to the manner in which the spherical shells
s co:l;) ?:aedthtf)lﬁzwt:.views of the fsi?‘ll)(lz-

i refraction, it would be unprofitable
turlngllxlil;::l ix? Zgius::sgxg: :':Zte of our knowledge of the atomical

constitution of transparent bodies.

R72  On the Action of Uncrystallized Films upon Light.

dicularly at B; and emerging at C in the direction C D. As’
portion of the ray BC is reflected at C, and again reflected
B and transmitted at C, the pencil CD will consist of two
stinet portions, one of which has been twice refracted, and
other and much feebler portion twice reflected.  As neithdy of
these portions are polarized, no physical change is producdd by
their combination, unless when the plate M N is s0 ex emely
thin as to produce the colours of thin plates by the intefference
of the reflected with the refracted portions, ,

When a ray R B is incident obliquely at B, it sufférs _refracs
tion at B and E, and the emergent pencil E F contaj s a portion
of light polarized by refraction. This ray, in pasging through
other plates or films parallel to M N, is at last co letely polar- -
ized in one plane, having grown feebler in ; ensity by the
abstraction of the light reflected at the two gurfaces of each

late. :
d The portion of the refracted pencil BE which is reflected at
E and G, and a portion of it polarized, emeyges at K as a pen-
cil KL, partly polarized by reflexion, portion of GK is
again reflected ot K and H, and emcrgey at P as a pencil P §,
more polarized by reflexion than K L. Aence the principal or
refracted pencil E F is combined with tife encils KL, PS (and
others by reflexions at P, &e.), polarized in an opposite plane, so
that with a certain number of platesf varying with the angle of
incidence, the emergent pencil EF{ KL, and P S consists of
two oppositely-polarized portions o light approximately equal.

When polarized light is incident upon a pile of these thin and
colourless films, and subseqx;;gfy analysed, it exhibits all the

joined tc
) How'far these results m

orpti ati t by Gases and
Absorption and Radiation of Heat by :
Xxl}vitrs():ntdhzn tlfé %hysical Connezion of Radmtzm},g Al;sg?N
ti:?’z: ’ and Conduction.—The Bakerian ’Lecture. ]
)

TynpavrL, Esg., F.R.S. &c.
[Concluded from p. 194.]

| : t.—The
ermanent Gases on Radiant Hea h
o Acg;{)gxgt\rmgt]z)f oxygen, nitrogen, hydrogen, atmospheric

properties of a plate cut pespendicularly to the axis of a
uniaxal crystal. The line A corresponds with the axis of the
crystal ; and the different azimuths in which the polarized ray
may be inclined to this axis ‘correspond with the principal sec-
tions of a uniaxal crystal./ The polarized tints have the same
value in every azimuth sf the same angle of incidence, and
therefore form rings which, when crossed with plates of sulphate
of lime, descend in Nefton’s Scale like the tints of negative

¢ ides these
i i n already recorded. Besides
‘ / : air, and oleflant &% e ide, carbonic acid, sulphuretted
" Gut o : " } 1 have examined carbomg oxide, : aeid, sulphuretted
Out of hundreds of/specimens now on the table, I have found - i L hare e e onide, Tho action o :
: e

a few so colourless gad so perfect as to produce, at different incj-
dences, all the polarized tints or rings up to the dlue of the
second order of Newton’s Scale. These colours are so pure,
and so regularly developed by the inclination of the plate, that

the most skilfyl observer could not fajl to pronounce it to be a
portion of a dgubly refracting crystal.

The produgtion of the leading phenomena of doubly refracting ~ *

crystals, nariely, two oppositely polarized pencils, and the system

referred to in the
than that of any of the vapours °
{H%Cheé‘:folﬂel;hat in examining the relationship between absg;g-
on nd de’nsity, the measures used with the vapours wecll'eba -
tllgrllle?l and the (iuantities of gas admitted were measured by
3

depression of the mercurial gauge.
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‘ Tasre XIX.—Carbonic Oxide.

Absorption.
0 r.— A
Tension in inches. Observed, - Calculatea.

05 25 2

10 56 50
15 80 76
20 10-0 10:0
2:5 12-0 12:5
30 150 150
35 17:5 175

Up to a tension of 34 inches the absorption b ic oxi
) A carb
1s proportional to the density of the gas.p But };his ]?x;o?t{il:)ls

does not obtain wi o
followingoTa?;]I; :W;liih large quantities of the gas, as shown by the

Tension in inches,  Deflection. Absorption,
5 180 18
10 325 32'5
15 410 45
TasLe XX.,—Carbonic Acid.
Absorption.
. ’ » L - ﬁ
Tension in inches, Observed. Calculated,
-5 50 35
1-0 75 70
1-5 105 105
20 140 14-0
2:5 17-8 17:5
3:0 218 210
35 24+5 245
Here we have the proportion exhib; 1
re exhibited
qunmen prop , but not so with larger
Tension in inches. Deflection. Absorption.
5 250 25
10 36:0 36
15 42'5 48
Tasre XXI.—Sulphuretted Hydrogen.
Absorption.
A
Tension ;n inches, 6bserved. Calculated.
. . 6
1:0 126 12
15 180 18
2:0 240 24
25 300 '30
30 345 36
35 360 42
40 365 48
45 380 54
50 400 60

N s o ot e

¥ ]
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The proportion here holds good up to a tension of 2'5 inches,
when the deviation from it commences and gradually augments.

Though these measurements were made with all possible care,
I should like to repeat them. Dense fumes issued from the
cylinders of the air-pump on exhausting the tube of this gas, and
I am not at present able to state with confidence that a trace of
such in a very diffuse form within the tube did not interfere with
the purity of the results. '

Tasre XXII.—Nitrous Oxide.

Absorption.
. e A A
Tension in inches. Observed. Calenlated.
5 145 145
10 235 29-0
15 30-0 435
2:0 355 580
25 410 71'5
3:0 450 870
35 477 101+5
40 490 1160
4'5 515 1306
50 540 1450

Here the divergence from proportionality makes itself mani.
fest from the commencement.

I promised at the first page of this memoir to allude to the
results of Dr. Franz, and I will now do so. With a tube 3 fect
long and blackened within, an absorption of 8:54 per cent. by
atmospheric air was'observed in his experiments. In my expe-
riments, however, with a tube 4 feet long and polished within,
which makes the distance traversed by the reflected rays more
than 4 feet, the absorption is only one-tenth of the above amount,
In the experiments of Dr. Franz, carbonic acid appears as a
feebler absorber than oxygen. . According to my experiments, for
small quantities the absorptive power of the former is about 150
times that of the latter; and for atmospheric tensions, carbonic
acid probably absorbs nearly 100 times as much as oxygen.

The differences between Dr. Franz and myself admit, perhaps,
of the following explanation. His source of heat was an argand
lamp, and the ends of his experimental tube were stopped with
plates of glass. Now Melloni has shown that fully 61 per cent.
of the heat-rays emanating from a Locatelli lamp are absorbed
by a plate of glass one-tenth of an inch in thickness. Hence in
all probability the greater portion of the rays issuing from the
lamp of Dr. Franz was expended in heating the two glass ends
of his experimental tube. These ends thus became secondary
sources of heat which radiated against his pile. On admitting

air into the tube, the partial withdrawal by conduction and con-
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vection of the heat of the glass plates would produce an effect
exactly the same as that of true absorption. By allowing the
air In my tube to come into contact with the radiating plate, I
have often obtained a deflection of twenty or thirty deg?ees —the
effect being due to the cooling of the plate, and not to absor
tion. It is also certain that had I used heat from a luminm};
source, I should have found the absorption of 0:33 per cent
cor%sgdei'alt]dy diminished, g .
-1 have now to refer briefly to a point of consi i

est as regards the effect of ouryatmosghere on sofage;:gletel;::::
trial heat. In examining the separate effects of the air, carbonic
acid, and aqueous vapour of the atmosphere, on the 20th of last

/
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De Saussure, Fourier, M. Pouillet, and Mr. Hopkins regard
this interception of the terrestrial rays as exercising the most
important influence on climate. Now if, as the above experi-

ments indicate, the chief influence be exercised by the aqueous v
vapour, every variation of this constituent must produce a /

change of chimate. Similar remarks would apply to the car-
bonic acid diffused through the air, while an almost inappre-
ciable admixture of any of the hydrocarbon vapours would pro-
duce great effects on the terrestrial rays and produce correspond-
ing changes of climate. It is not, therefore, necessary to assume
alterations in the density and height of the atmosphere to account
for different amounts of heat being preserved to the earth at dif:

v

chgmbel;, :}}:e fol{rwing results were obtained :—
Ir sent through the system of drying-tu
caustic-potash tube produ};ed an absoyrpgon l;;sagggtthrough tlie
. Air direct from the laboratory, containing therefore its car.
01]1)1c acid * and aqueous vapour, produced an absorption of . 15
@ educting the effect of the gaseous acids, it was found that
e quantity of 2queous vapour diffused through the atmosphere
on the day In question, produced an absorption at least equal
to ﬁn_rteen times that of the atmosphere itself, - 4
1s my intention to repeat and extend these exper
8 future occasiont; but even at present conchf:igflgm(])i'ntieoar’: -b{
Importance may be drawn from them. It is exceedingl ?oba-
ble that the absorption of the solar rays by the atmosghg'e as
estab!lshe(! by M. Pouillet, is mainly dyue to the watery va our
contained in the air. . The vast difference between the tem l::ra-
(tlure‘of the sun at midday and in the evening, is also prol?abl
ue in the main to that comparatively shallow stratum of 2 ueoujsr‘
vapour which lies close to the earth. At noon the dept(}l of it

pierced by the sunbeams is very s il; 1 : i
& in comparison. very mall; in the evening very

ferent times; a slight change in its variable constituents would

suffice for this. Such changesin fact may have produced all the
mutations’ of climate which the researches of geologists reveal.

owever this may be, the facts above cited remain; they constitate
true causes, the extent alone of the operation remaining doubtful.

The measurements recorded in the foregoing pages consti-
tute only a fraction of those actually made; but they fulfil the
object of the present portion of the inquiry. They establish the
existence of enormous differences among colourless gases and
vapours as to their dction upon radiant heat; and theg also
show that, when the quantities are sufficiently small, the absorp-
tion in the ease of each. particular vapour is exactly proportional
to the density. . : o

These experiments furnish us with purer cases of molecular
action than have been hitherto attained in experiments of this
nature. In both solids and liquids the cohesion of the particles
is implicated ; they mutually control and limit each other. A
certain action, over and above that which belongs to them sepa-
rately, comes ‘into play and embarrasses our conceptlions. But
; P . . in the cases above recorded the molecules are perfectly free, and
no;f l}eﬁgt;:::e gzgtt%fﬁ‘:;;n’s ‘}1!11'3?"' rays on high mountains is T we fix upon them individually the effects which the experiments
depth of air, but to the COmIz::atit:magb:: Peneft.rate only a small exhibit; thus the mind’s eye is directed more firmly than ever
at those great elevations, nee of aqueous vapour on those distinctive physical qualities whereby a ray of heat is

B : . . stopped by one molecule and unimpeded by another.
actiolxllt' ig‘st}?;l‘fg’::u vapour, which exercises such a destructive 8 9. Radiation of Heat by Gases.—It is known that the quan-
rays of light Hencx;e tll;aycsl" ﬁgs‘comparat_we]y transparent to the tity of light emitted by a flame depends chiefly on the incan-
coming fg ' he sun o crential action, as regards the heat descence of solid matter,—the brightness of an ignited jet of or-
Ing from the sun to the earth and that radiated from the

earth ; : . dinary gas, for example, being chiefly due to the solid particles
t:tla atr:;:)ts(;)hsgge’ 18 vastly augmented by the aqueous vapour of of carbon liberated in the flame.

Melloni drew a parallel between this action and that of radiant
heat. He found the radiation from his alcohol lamp greatly
augmented by plunging a spiral of platinum wire into the flame. -
He also found that a bundle of wire placed in the current of
hot air ascending from an argand chimney gave a copious radia-
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tion, while when the wire was withdrawn no trace of radiant
heat could be detected by his apparatus. He concluded from
this experiment that air possesses the power of radiation in so
feeble a degree, that our best thermoscopic instruments fail to
detect this power*. :
These are the only experiments hitherto published upon this
subject ; and I have now to record those which have been made
in connexion with the present inquiry. The pile furnished with
its conical reflector was placed upon a stand, with a screen of
polished tin in front of it. An aleohol lamp was placed behind
the screen so that its flame was entirely hidden by the latter;
on rising above the screen, the gaseous column radiated its heat
against the pile and produced a considerable deflection. The
same effect was produced when a candle or an ordinary jet of
gas was substituted for the aleohol lamp.
The heated products of combustion acted on the pile in the
.above experiments, but the radiation from pure sir was easily
demonstrated by placing a heated iron spatula or metal sphere
behind the screen. A deflection was thus obtained which,
when the spatula was raised to a red heat, amounted to more
than sixty degrees. This action was due solely to the radiation
of the air; no radiation from the spatula to the pile was possible,
and no portivn of the heated air itself approached the pile so as
to communicate its warmth by contact to the latter. These
effects are so easily produced that I am at a loss to account for the
inability of so excellent an experimenter as Melloni to obtain them.
My next care was to examine whether different gases possessed
different powers of radiation ; and for this purpose the following
arrangement was devised. P (fig. 1) represents the thermo-electric
pile with its two conical reflectors; S is a double screen of po-
lished tin; A is an argand burner consisting of two concentric
rings perforated with orifices for the escape of the gas; Cis a
heated copper ball; the tube ¢ leads to a gas-holder containing
the gas to be examined. When the ball C is pplaced on the
argand burner, it of course heats the air in contact with it; an
ascending current is established, which acts on the pile as in
the experiments last described. It was found necessary to
neutralize this radiation from the heated air, and for this pur-
pose a large Leslie’s cube L, filled with water a few degrees
above the temperature of the air, was allowed to act on the op-
posite face of the pile. _
‘When the needle was thus brought to zero, the cock of the
gas-holder was turned on ; the gas passed through the burner,
came into contact with the ball, and ascended afterwards in a
heated column in front of the pile. The galvanometer was now
* La Thermochrose, p. 94. -
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rved, and the limit of the arc through which its needle was
td

o i k that the ball was
urged was noted. It is needless to remar e el e,

i hermo-el

i hidden by the screen from the thern ile,

(:rlltir:lll);t :avefl wel)"e this not the case, the paodefof] ne::rahza

tion adol;ted would still give us tlze zré'egai(‘:,telgnig tth : %oll.owing

The results of the experiments ) o e
appended to the name of each gas

'trl?: ];’ug‘t?ef %lt}rfleggges through which the radiation from the

latter urged the needle of the galvanometer:—

Alr . v o o e (())
Oxygen . . o
Nitrogen . . + - o
Hydrogen .

Cgrbogic oxide . 12
Carbonic acid . .« 18
Nitrous oxide . . %g

Olefiant gas L .
“adiation from air, it will be remembered, was neutrall
b ?ﬁi i‘:gézt‘l(:gs]ii’s cube, and hence the 0° attachedi dto 11;t ﬁn::‘lell)lr
djernotes that the propulsion of air from the gas-holder hr dg) :
the argand burner did not augment the effect. Oxygen, hy
o

I have also tendel‘ed these expell‘nents on ladlatl(n] Vlslble to a 13:] ge
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gen, and nitrogen, sent in a similar manner over ¢

equally ineffective. The other gases, however, not cfxl:leyl:a‘;lll;il?;:r:
man:kqd action, but also marked differences of action. Their
radiative powers follow precisely the same order as thejr powers
of absorption. In fact, the deflections actually produced by

their respective absorptions at 5 inches tension are as follow :—

Air . . . | Afraction of a degree
Oxygen |,
Nitrogen » s
Hydrogen » ’
Carbonic oxide . 18°
Carbonicacid . . . , 95°
Nitrous oxide . ., . , 440
Olefiant gas . . . . g1°

» »

; It would be casy to give these experiments a more clegant
orm, and to arrive at greater accuracy, which I intend to do on
a future occasion ; but my object now is simply to establish the
general order of their radiative powers. An interesting way of
exhibiting both radiation and absorption is as follows -—W}tllen
the polished face of a Leslie’s cube is turned towards a thermo-
electric pile the effect produced is inconsiderable, but it is
greatly augmented when a coat of varnish is laid up’on the po-
lished surface. Instead of the coat of varnish, a film of gas nfa
be made use of. Such a cube, containing boiling water, had itz
polished face turned towards the pile, and its effect on ’the gal-
vanometer neutralized in the usual manner. The needle begin
at 0% a film of olefiant gas, issuing from a narrow slit wa%
gas:gd ovft'ar tile metal. The increase of radiation produced 2 de-
f ceé':i‘1 E:t]efy é&: o When the gas was cut off, the ‘needlerreturnec‘l
.The absorption by a film may be shown b filling
with cold water, but not so cold};s to produceythe pl?ecti}}l)?t:t‘ilgs
of the aqueous vapour ‘of ‘the atmosphere, A gilt copper ball
cooled in a freezing mistute, wag placed in front of the pile and
its effect was neutralized ‘by presenting a beaker containi’ng a
little iced water to the ‘opposite face of the pile. A film of ole.
fiant gas was sent over the ball, but the consequent deflection
proved that the absorption, instead of being greater, was less
than before. The ball, in fact, had been coated by a crust of ice
which is one of the best absorbers of radiant heat. The olefiant
gas, being warmer than the ice, partially neutralized its absorp-
tion.  When, however, the temperature of the ball was only a
few degrees lower than that of the atmosphere, and its surface

quite dry, the flm of gas was found to act i ish ;
1t augmented the absorption. e 82 & Bl of varaish

Radiation of Heat by Gases and Vapours, 281

A remarkable effect, which contributed at first to the coms
plexity of the experiments, can now be explained. Conceive the
experimental tube exhausted and the needle at zero} conceive a
small quantity of alcohol or ether vapour admitted ; it cuts off a
portion of the heat from one source, and the opposite source
triumphs.  Let the consequent deflection be 45° - If dry air be
now admitted till the tube is filled, its effect of course will be
slightly to augment the absorption and make the above deflec-
tion greater. But the following action is really observed :—
when the air first enters, the needle, instead of ascending, de«
scends ; it falls to 26°, as if a portion of the heat originally cut
off had been restored. At 26° however, the needle stops, turns,
moves quickly upwards, and takes up a permanent position a
little higher than 45° Tet the tube now be exhausted, the
withdrawal of the mixed air and vapour ought of course to
restore the equilibrium with which we started ; but the follow-
ing effects are observed :—When the exhaustion commences, the
needle moves upwards from 45° to 54°; it then halts, turns, and
descends speedily to 0°, where it permanently remains, ,

After many trials to account for the anomaly, I proceeded
thus:—A thermo-electric couple was soldered to the external
surface of the experimental tube, and its ends connected with a
galvanometer. When air was admitted, a deflection was pro-
duced, which showed that the air, on entering the vacuum, was
heated. On exhausting, the needle was also deflected, showing’
that the interior of the tube was chilled, These are indeed
known effects; but I was desirous to make myself perfectly sure
of them. I subsequently had the tabe perforated and thermo-
meters screwed into it air-tight. On filling the tube the ther-
mometric columns rose, on exhausting it they sank, the range-
between the maximum and minimum amounting in the ease of
air to 5° Fahr,

Hence the following explanation of the above singular effects.
The absorptive power of the vapour referred to is very great, and
its radiative power is equally so. The heat generated by the air
on its entrance is communicated to the vapour, which thus
becomes a temporary source of radiant heat, and diminishes the
deflection produced in the first instance by its presence. The
reverse occurs when the tube is exhausted; the vapour is chilled,
its great absorptive action on the heat radiated from the adjacent
face of the pile comes more into play, and the original effect is
augmented. In both cases, however, the action is transient;
the vapour soon loses the heat communicated to it, and soon
gaing the heat which it has lost, and matters then take their
normal course. B o

§ 10. On the Physical Connexion of Radiation, Absorption, and
Phil, Mag. 8. 4. Vol. 22. No. 147, Oct. 1861, U
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Conduction.—Notwithstanding the great accessions of late years
to our .knowledge of the nature of heat, we are as yet, I believe,
quite ignorant of the atomic conditions on which radiation,
absorption, and conduction depend. What are the specific
quelities which cause one body to radiate copiously and another
feebly? Why, on theoretic. grounds, must the equivalence of
radiation and absorption exist? Why should a highly diather-
manous body, as shown by Mr. Balfour Stewart, be a bad radi-
ator, and an adiathermanous body a good radiator ? How is heat
conducted ? and what is the strict physical meaning of good
conduction and bad conduction? Why should good conductors
be, in general, bad radiators, and bad conductors good radia~
tors? These, and other questions, referring to facts more or less
established, have still to receive their complete answers. It is
less with a hope of furnishing such than of shadowing forth the
possibility of uniting these various effects by a common -bond,
that I submit the following reflections to.the notice of the Royal
.So%ie.t}'l-1 S : ,
n the experiments recorded in the foregoing pages, we ha
dealt with free atoms, both simple and ﬁam;iu%f, and it 1{;:
been found that in all cases absorption takes place. The mean-
ing of this, according to the dynamical theory of heat, is that no
atom is capable of existing in vibrating ether without accepting
a portion of its motion. We may, if we wish, imagine a certain
roughness of the surface of the atoms which enables the ether
to bite them and carry the atom along with it. But no matter
‘what the quality may be which enables any atom to accept mo-
tion from the agitated ether, the same quality must enable it to
impart motion to still ether when it is plunged in the latter and
agitated. It is only necessary to imagine the case of a body
immersed in water to see that this must be the case. There is a
polarity here as rigid as that of magnetism. From the existence
of absorption, we may on theoretic' grounds infallibly infer a
capacity for radiation; from the existence of radiation, we may
with equal certainty infer a capacity for absorption ; and each of
them must be regarded as the measure of the other*.

This reasoning, founded simply on the mechanical relations
of the etherand the atoms immersed in it, is completely verified
by experiment. Great differences have been shown to exist
among gases as to their powcers of absorption, and preciscly
similar diffcrences as regards their powers of radiation. But
what specific property is it which makes one free ‘molecule a
strong absorber, while another offers scarcely any impediment
to the passage of radiant heat? I think the experiments throw

* This was written long before Kirchhoff’s admirable pa
relation of emission to absorption were known to mie, pepers on the:
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some light upon this question. If we inspect the results abové
rccorded, we shall find that the elementary gases hydrogen;
oxygen, nitrogen, and the mizture atmospheric air, possess abs
sorptive and radiative powers beyond comparison less than those

of the compound gases. Uniting the atomic theory with the

conception of an ether, this result appears to be exactly what
ought to be expected. Taking Dalton’s idea of an elementary
body as a single sphere, and supposing such a sphere to be set
in motion in still ether, or placed without motion in moving
ether, the communication of motion by the atom in the first
instance, and the acceptance of it in the second; must bé less
than when a number of such atoms are grouped together and
move as a system. Thus we see that ‘hydrogen and nitrogen,
which, when mized together, produce 8 small effect, when chemin
cally united to form ammonig, produce an enormous effects
Thus oxygen and hydrogen, which, when mixed in their elec-
trolytic proportions, show a scarcely sensible action, when chemi»
cally combined to form aqueous vapour exert a powerful action.
So also with oxygen and nitrogen, which, when mixed, as in our
atmosphere, both absorb and radiate feebly, when united to form
oscillating systems, as in nitrous oxide, have heir powers vastly
augmented. Pure atmospheric air, of 5 inches tension, does not
effect an absorption equivalent to more than . the one-fifth of
a degree, while nitrous oxide of the same tension effects an
absorption equivalent to fifty-one such degrees. - Herice the ab-
sorption by nitrous oxide at this tension is about 250 times that
of air. No fact in chemistry carries the same conviction to.m
mind, that air is a mizture and not a compound, as that just cited.
In like manner, the absorption by carbonic oxide of this tension
is nearly 100 times that of oxygen-alone; the absorption by
carbonic acid is about 150 times that of oxygen; while the ab-
sorption by olefiant gas of this tension is 1000 times that of its
constituent hydrogen. Even the enormous action last men-
tioned is surpassed by the vapours of many of the volatile
liquids, in which the atomic groups are known.to attain their
highest degree of complexity. « .
I have hitherto limited myself to the ‘consideration, that the
compound molecules present broad sides to the ether, while the
simple atoms with which we have operated do not,—that in con-
sequence of these differences the ether must swell into billows
when the former are. moved, while it merely trembles into rip-
ples when the latter are agitated,—that, in the interception of
‘motion also, the former, other things being equal, must be far
1ore influential than the latter.; but another important consi-
deration remains. All the gases and vapours whose deport-
‘ment -we have examined are ,tx%nsparpnt to light ; that is to say,
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tbﬁ waves of the visible spectrum pass among them without sen-
stble absorption. - Hence it is plain that their absorptive power
depends on the periodicity of the undulations which strike them.
At this point the present inquiry connects itself with the experi-
ments of Nigpce, the observation of Foucault, the surmises of
Angstrom, Stokes, and Thomson, and ‘those splendid researches
of Kirchhoff and Bunsen which so immeasurably extend our
experimental range. By Kirchhoff it has been conclusively
shown that every atom absorbs in a special degree those waves
which are synchronous with its own periods of vibration. Now,
besides presenting broader sides to the ether, the association of
simple atoms to form groups must, as a general rule, render
their motions through the ether more sluggish, and tend to
bring. the periods of oséillation into isochronism with the slow
undulations of obscuré heat, thus enabling the molecules to
absorb more effectually such rays as have been made use of in
ou‘%ﬁkperiments. : R '
.* Let me here state briefly the grounds which induce me to
conclude that an agreement’in period elone is not sufficient to
cause powerful absorption and radiation—that in addition to
this the molecules must be so constituted as to furnish points
@appui to the ether. The heat of contact is accepted with
extreme freedom by rock-salt, but a plate of the substance once
heated requires a great length of time to cool. This surprised
me when I first noticed it. But the effect is explained by the
experiments of Mr. Balfour Stewart, by which it is proved that
the radiative power of heated rock-salt is -extremely feeble.
Periodicity can have no influence here, for the ether is capable
of accepting and transmitting impulses of ‘all periods; and the
fact that rock-salt requires more time to cool than alum, simply
‘proves that the molecules of the former glide through the ether
with comparatively small resistance, and thus continue moving
for a longeér time; while those of the latter presenting broad
‘gides to the ether, speedily communicate to it the motion which
we call heat. This power of gliding through still ether pos-
sessed by the rock-salt molecules, must of course enable the
moving ether to glide round them, and no coincidence of petiod
"eould, I think, make such a body a powerful absorber.

Many chemists, I believe, are disposed to reject the idea of
an atom, and to adhere to that of equivalent proportions merely.
They figure the act of combination as a kind of interpenetration
of one substance by another. But this is a mere masking of
the fundamental phenomenon. The value of the atomic theory
consists in its furnishing the physical explanation of the law of

‘equivalents : assuming the one, the other follows; and assuming
the act of chemical union as Dalton figured it, we see that it
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' i i independent conception
lends harmoniously with the perfectly 1 o
Bf('a:n ether, and enables us to reduce the phenomena of radia
tion and absorption to the simplest mechanical principles. - i
Considerations similar to the above may, I think, be applie
to the phenomena of conduction. In the Philosophical Magfxzm.e
for August 1858, I have deseribed an instrument used in ;xar}q}m-.
ning the transmission of heat through cubes of wood an dot':1e1
substances. When engaged with this instrument, I ha ﬁsp
cubes of various crystals prepared, and dqtgrmin?d w(xltht ﬁtttf t‘i:(l;
s of conduction. ~With one exception, 1 found that LA%
gg:(ggctivity augmented with the diathermancy. The exception
was furnished by a cube of very perfect :ock-crystal, whlclll cox;-
ducted slightly better than my cube of rock-salt, - The kattelt,_
however, had a very high conductive power ; 1 fact roc -salt,
calcareoﬁs’ spar, glass, selenite, andla _umt hst_ood (inr x(x)xgdci:{)ﬁ;-
ivi tly in their orde -
ments, as regards conductivity, exactly h o o adduced
‘1 the experiments of Melloni. [ have already >
Ic'rtl)i:lr.:,(i:c)lre:'ationss le)xich show that the moﬁecules offrockt-is;}twgllﬁgﬁ
i ili ' ; but the ease of mo
with facility through the ether; but : on wh
! , enj their mutual collision.
these molecules enjoy must facilitate utual ol
hei tion, instead of being .expended: on the ether
glizltl; lf;:wleen, them,and communicated by it t:')t .thle czxtgrm:! ;izhe;';
is 1 ] directly from particle to particle,
is in great part .transferred from particle b0 B,
in other words, is freely conducted. Vhen f' oleenle Of & o
’ A ¢, it produces a
on the contrary, approaches.a nelghbqqplir{o ecu " 1,1;  produces &
swell in the intervening ether, which swell 1s in part {r e B
' 1 ether of space, and thus
not to the molecules, but to the genera of space, ane Ube
recrards conduction. This lateral waste p ‘
llgj)tti:z frogm penetrating the alum dto any*great extent, and thg
se is what we call a bad conductor™. e _
sul)Sstt‘12§cec:)Srnsiderations as these could .hardly -oceur w1t1(110ut
¢arrying the mind to the kindred question of elecfcrlc] cofn \;‘c-
tiony- but the speculations have beex;1 p\_lrs&md sutﬂic;e}clﬁ oys ! aé'o ‘;)lr
y 4 o i
sent. and must now abide the judgment ©!
ﬂ::erll): i?rcllécile whether they are the mere emanations ‘ofdfanc%r,
21' a fair application of principles which are acknowledged to be
sec'}}ie; present paper, I may remark, embraces only the first
gection of these researches. . ,

i i i duction, I have limited

* he above considerations regarding con Il ted

m‘ysellxt}tg the illustration furmshedt’;)ly tW(i ‘:;mt})so:gga?g?:;e’i?‘go?: l-self) :

s algo differ among themselves as rega i «

gigtzggat;?tion. from the cther and of communicating motlox:j ::iltl.nore

shmﬁd infer, for example, that the atoms of platinum er;.co% more

resistance in’moving through the ether than the atoms (;ls 8i hv:sr.a is
needless to say that the p ysical texture of a substance also has a gr

influence.
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