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" M. POUILLET ON SOLAR HEAT. 45

labours of those who have i
] preceded me, particularly those of
M. deI ];aplace, M. Fourier and M. Poissc’mI.) R
1. I have attempted to determine the quanti
. ty of
by three different processes :— - uantity of solar heat
» ,(1‘) By means of the apparatus which is described in the
‘;\\o_ first editions of my Elémens de Physique et de Météoro-
ogie.
(2.) By means of a direct pyrheliometer.
T (3) By means of a'pyrheliometer with a lens.
| he direct pyrheliometer is represented in the annexed figure.

ArticLe I1I.

Memoir on the Solar Heat, on the Radiating and Absorbing
Powers of the Atmospheric Air, and on the Temperature of
Space. By M. POUILLET, Member of the Royal Academy of
Sciences of Paris, Professor of Natural Philosophy in the

Faculty of Sciences, &c¢.

[From the Comptes Rendus des Séances de P’ Académie des Sciences,
July the 9th, 1838.]}
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THE object of this memoir is—the quantity of solar hea
which falls perpendicularly, in a given time, on a given surface i—
the proportion of this heat which is absorbed by the atmospher
in the vertical passage .—the law of absorption for different ob
liquities :—the total quantity of heat which the _earth receives]
from the sun in the course of a year :—the total quantity of hea}
which is emitted at each instant by the whole surface of the sun
—the elements which must be known in order to ascertain wh
ther the mass of the sun cools gradually from century to ceny
tury, or whether there is a cause destined to reproduce the quany
tities of heat which escape incessantly from it:—the elementy)
which would allow its temperature to be determined :—the ay
solute quantity of heat emitted by a body whose surface, tem;
perature and radiating power are known :—the laws of coolin
of a body which loses its heat without receiving any :—the g
neral conditions of equilibrium of temperature of a body pry
tected by a diathermanous covering analogous to the atmosphereg
—_the cause of the cooling of the high regions of the air :—tg
law of that cooling :—the temperature of space :—the tempe i3
ture which would be observable everywhere on the surface:(]
the earth if the sun’s action was not felt :—the elevation of ter
erature which results from the solar heat :—the relation of fig
quantities of heat which the earth receives from the sun, and frog
space or all the other celestial bodies. :
Tt is difficult to give a brief account of the whole of theg
researches: 1 must therefore be excused both for the lengthg
this abstract and the conciseness with which many of the
positions are presented. I regret to be unable here to go mg
fully into the subject, and especially that 1 cannot review 1§

tre in diameter, and 14 or 15 millimetres high; it co

ns about 100 grammes of water. The stopper wh,ich ﬁxn'
' hermome?ter to the vessel is fitted to a metal tube which ?s
ported at its extremities by two collets ¢, ¢, in which it pla :
go that on turning the button &, the whole a aI;atz;
$ Izou.n_d the axis of the thermometer, and the Watgpof ths
1 is incessantly agitated in order that the temperature ma;
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In my apparatus this quantity,of heat received in one minute
fby each square centimetre is

02624 ¢.

"The pyrheliometer with a lens consists of a lens of 24 to 25
centimetres diameter, hav1ng a focal distance of 60 to 70 centi-
jmetles, in whose focus is placed a silver or plated vessel contain-
ing about 600 grammes of water; the form of the vessel and the
arrangement of the lens are so combmed that for all heights of
the sun the rays fall perpendicularly on the lens and on the
face of the vessel which is to receive them at the focus and to
absorb them.

The experiments are performed as with the preceding appa-
ratus, and the quantities of heat which fall in one minute on
‘each square centimetre are determined by an analogous formula
only there is an additional correction to be made for the quan-~
tity of heat which the lens absorbs, and that correction is made
by the comparison of the results obtained with the lens and with
the direct apparatus. Among the lenses which I have tried,
that which absorbed the least nevertheless absorbed one-eighth
f the incident heat.

It is necessary to employ the pyrheliometer with a lens when
the experiments cannot be made in a calm air; the wind, when
it is not strong, has but small influence in cooling within five
minutes a mass of water of more than 600 grammes, which is
ised only four or five degrees above the surrounding tempera-
re, so that the correction is always very small.

2, The following table contains five series of experiments,
hich will give a sufficient idea of the variations of the direct
yrheliometer. The elevations of temperature observed are in
e third column. ~We shall show hereafter how the numbers
the second and fourth columns have been obtained.

be very uniform in its whole mass. The circle d, which receive
the shadow of the vessel, serves to adjust the apparatus. The’
surface of the vessel which receives the solar action is carefully ]
blackened with lamp-black. :

The experiment is made in the following manner :—The;
water in the vessel being nearly of the surrounding tempera:
ture, the pyrheliometer is held in the shade, but very near the
place where it is to receive the sun: it is placed so that it looks:
towards the same extent of sky, and there, for four minutes,
its warming or its cooling is noted from minute to minute;:
during the following minute it is placed behind a screen, and
then adjusted so that on removing the screen at the end
the minute, which will be the fifth, the solar rays strike it pe
pendicularly., Then, during five minutes, under the action
the sun, its warming, which becomes very rapid, is observed:
from minute to minute, and care is taken to keep the water in-
cessantly agitated; at the end of the fifth minute the screen
replaced, the apparatus withdrawn into its first position, and;
for five minutes more its cooling is observed.

Let R be the warming which it undergoes during the fi
minutes of the solar action, 7 and 7/ the coolings which it unde
went during the five minutes which preceded that action and;
during the five minutes which followed it, it is easy to see that.
the elevation of temperature ¢ produced by the heat of the s

is
R(r+7’)

Let d be the diameter of the vessel expressed in centimetr
p the weight of the water which it contains expressed in grammes,’
2 the weight of the vessel itself and of the immersed portion
the thermometer, this weight being reduced to what it would be
for a specific heat equal to unity, we see that the elevation of
temperature observed #, corresponds with a quantity of heat

t(p + 1) -
This heat having fallen in five minutes on a surface ——, each;
unity of surface has received

4(p +7)
7 d?

i

¢ during the five minutes,

4(p+p)

and 5 ad

¢ during one minute.
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] " Observed Caleulated ) all the results of th i ;
Og gg\;:tﬂfn. I;:g::;ﬁgs}:emc‘. e ;;;Ziaotfu .. Te ;1;::;{31- .. Dxﬂ'erences.. ’ late d the atm d h e. obse.r vations, T.O effect thls, I ﬁl‘St C-‘:I].Cll_
raverse | OZP eric 'thlcknesses which the solar rays had to
Observatiéns olg_the 25th of June, 1837. | e form:;aeac experiment ; ‘tvhese thicknesses ¢ are given by
71 30'morn,| 1860 -?F; 380 369 +011 = TP h T I e
10b 30'morn,| 1164  gpu. 400 462 —062 risth 4 + B+ r¥cos?z — 7 cos 23
1107 £ha 470 470 o ‘7 is the mean radius of he hei
R A A o 7 tho somital Tt t};‘e iarth? % the height of the atmosphere,
1216 h> 460 454 +0:06 . e of the sun; I adopted
1370 | e 432 0 e
1-648 &2 400 395 +005 With © o th h = l; 7 = 80.
2151 | eeeees 3:36 espect to t : . S )
3165 ‘Dkﬁ 2:4() 242 —002 : ing.it eaChIZime b 0!: Zeni‘:’hal distance f; 1n§tead of determi-
otk ¢ by observation of the sun’s altitude, I preferred
Observations of the 27th of July, 1837. - to take the precise hour of the middle of the experiment
Nool \e.verees 1-147 4.90 490 o _deduce the value of 2 from the formula P ent, and to
| L T 1-174 4-85 4-86 —0-01 e .
1-266 475 474 +0-01 is the latitlfé)s zf—t'hsul vsin d -+ COS v cos d cos H.
1:444 4-50 451 —0-01 s e ol t ; . .
1764 410 413 —003 he declination of theeszﬁoit“nhere t}lie observation is taken, d
2174 3:50 349 4001 un correspondi oon, H the horary angle of the
3702 3:35 342 —0-07 B Spon flng‘ to the hour of the experiment, .
. ; ‘me | .
Observations of the 22nd of September, 1837. hi'clzynesszlsls ?vet;le.!se ;WO formule I calculated the atmospheric
1507 i 460 460 0 4. By c given 1 the secom.i column of the preceding table.
1559 {53 450 454 —0-04 -4, By comparing the elevations of temperatures ob
1-723 £33 430 4:36 —006 he ‘pyrheliometer and the correspondi . o s'erved. o
2102 et 400 397 +0:03 esses, I saw that the results mi ponding atmospheric thick-
i:ggg 421 310 {i’):g‘li —014 ho formula e results might be very well represented by
...... . SN . ! = Aps’
rvati 838. -an ing . ‘
Observations of the 4th. of May, 1 : d- ¥ Vbemg two constants. Moreover, by determining these
Noom .oveenre 1191 480 4-80 0 0 constants by two observations of each seri
1-223 470 476 —006 in the ‘same value of A for s each series, we always ob-
1325 460 62 —0:02 : A or all the series, and different values
1-529 4:30 436 —0:06 i passing from one series to the other. Thus A i '
© 1-912. 3:90 392 —0:02 stan’t’ ~*ifldependent of the ot ¢ - us A, ISV a ﬁxed
2:603 3-20 322 —002 onstant which i state of the atmosphere, and pa
1311 1-95 1-94 001 stant w lqt 1s fixed only for the same day, and which varies
- one aay- . . 2
Observations of the 11th of May, 1838. oor loss Y ezf:nto'ﬁhj;‘,.accordmg as the serenity of the sky is
LI 1193 |93 505 506 —0:01 nstant, or R therefore, in the formula, the solar
12 coeeine 11164 [ 510 510 0 psiant, or that which contains, as its essential element, th
) N 1193 [ 505 506 —0-01 t calorific power of the sun, whilst » i >
D rreens 1988  [#oc 485 495 —010 tsiant, or that which sun, whilst p 1s the atmospheric
L U 1473 [Sv 470 473 —0-03 i f’ variable ¢ ch contains, as-its essential element, the
R 1812 a2 420 43 o —017 1able transmissi i
L TN 2:465 sfe. 365 3-6; —0-02 lo 'p‘Ortions of the inzli?iz;lzv hl(ih fhe atmosphere possesses
6 crrrrrrrinn 3943 |ny 270 264 +0:06 1rive at the surface of the sarth. heat, more or less great,
; : e earth.
3. After having obtained, in the course of several years, a largg he experiments, give for A the value
number of series analogou}s; to the preceding, fIﬁendea.voured 6°72, lb;f $1y
discover a law which might represent with sufficient exactn : R ! '
, g P (fsl)‘r_p.the, values contained in the following table :—
[ YoL. 1V, ' x
: PART XIII. 5
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Dates of the Series. Values of p. Values of 1 — p. t would equally give at the surface of the earth, if the
gu{le 2278 e e e 8;2‘;‘; g;:ﬁg pheric air did not absorb any of the incident ray,s.l e atmo-
SI; 3; smber 2 o < v 07780 02220 .6, Th'e preceding values of p indicate the proportions of solar
MS 4 L 0.’7 556 02444 eat which have been transmitted in the different days to which
May o . e . o888 : 0.211‘2 hey correspond, and the values of 1— p indicate, on the con-
WiZter s.ols:tic:a . 0'7488 09512 rary, the different propox:tions of solar heat which have been
‘ ot : bsorbed at. the same periods. These values, howeve '
By means of these values of A and of p, and of the formula pond to ¢ = 1, that is to say, they indicate tl’le ro O:Z' cOrre;‘
t= Ap', : olar heat which would have been transmitted anI:i a%soil()):; Zt

hose places where the sun was in the zenith, supposing there
he same atmospheric state as at Paris at the moment of the
xperiment. It results that in the vertical paésage the atmo-
LE)here absorbs at least 15 of the incident heat, and at most
5s without the sky ceasing to be serene. I must however
dd, .that on the 28th of June, to which corresponds the ab-
orption of %75, a light white veil was visible on the vault of the
ky. Moreover other observations, the series of which could
ot be completed, indicated only an absorption of 18 ; w
hus say that the atmospheric absorption is com Toed betwoon
prised between
8.and 24 or 25 hundredths, without its being possible to di-
tinguish in the sky vapours which disturb its transparence.
~.7.. By means of this datum, and of the law according to which
he transmitted heat diminishes in px:oportion as the obliquit,
ncreases, we may calculate the proportion of incident hea}::
which each instant reaches the illuminated hemisphere of the
rth, and that which is absorbed. in the corresponding half of
he atmosphere. This calculation depends on an integral of the
m.

I calculated the results contained in the fourth column of th
preceding table; it is seen with what accuracy all the num
bers which had been given by observation are thus reproduce
even when the observation corresponds to atmospheric thick;
nesses, which are quadrupled by the effect of obliquity. Thus
in the experiments of the 4th of May, ‘the solar rays had ¢
traverse an atmospheric thickness of 24 leagues at noon, and 8
leagues at six o’clock in the evening, and yet the number cal
culated is still found perfectly to agree with the number’ ob
served. It is understood, however, that it is only when t
weather is quite settled that the formula can be applied wi
accuracy to an entire day with the same value of p; if the
occur any sudden changes in the state of the atmosphere,
values of p immediately experience a greater or less alteratio
1 have succeeded in convincing myself of this by a multitude o
experiments corresponding to all the seasons of the year. .1
may even be assumed that in certain spots, especially in mougg
tainous countries and near the sea-coast, the values of p undelj
every day periodical variations, corresponding to the diffusioy
and to the condensation of the vapours.
5. If in the preceding formula we suppose p =1, or = 0, v

find t=6°72;

that is to say, that the pyrheliometer would assume an elevat
of 6°72 if the atmosphere could transmit wholly all the solar hegl
without absorbing any of it, or if the apparatus could be trang
ported to the limits of the atmosphere to receive there withog
any loss all the heat which comes to-us from the sun, Th erenity, it still absorbs nearly the half of the total quan-
value of ¢ multiplied by 02624, gives : f heat which the sun emits towards the earth, and it is the
: 1-7633. Eer half only of that heat which falls upon the surface of the
This then is the quantity of heat which the sun gives in 1y nd, and which is there variously distributed, according as it
a square centimetre, at the limits of the atmosphere, and wh raversed the atmosphere with greater or less obliquities.
E 2

‘g ¥ E
of B
vhich f:ann.ot b‘e obtained exactly ; but by various methods of
ppl:oxxmat.lon, 1t is easy to recognise that for p = 075 the pro-
ortion thch reaches the ground is comprised between 05 and
;and consequently the proportion absorbed by the atmosphere

self comprised between 0'5 and 04 ; but very near 0'4.
Thus, when the atmosphere has all the appearance of per-
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8. Having ascertained the qua.ntity of he'at Whlch.the s;;;x
sends to the earth during 1/, by its per:pendwularlactlontip ]
a square centimetre, it is easy to determine the total quan geré.
heat which the entire globe of the earth .amd the atm'ospw}lat
receive each minute. In fact', tha.t ql.lant}ty of hea‘? 1; iy
would fall upon the circle of 1111.1mm'atxon. if the hc:lm}l‘sited
the earth, which is at the same time 111um1nate.d a.n. 1 ef.uum
‘the sun, were removed. Now the. surface of thlS. circle 0 1.wes -
nation being 7R?, the total quantity of heat which it receives 18

17633 . 7R

If this heat were uniformly dispersed over a}l points of1 th(?
earth, each square centimetre would receive for its share only
3

RADIATION AND ABSORPTION. 53

by the effect of its rotation do not appear to have any marked
- influence upon the terrestrial temperatures.
- . Let us consider the centre of the sun as the centre of a sphe-
ical inclosure, the radius of which is equal to the mean distance.
f'the earth to the sun: it is evident, that upon this vast inclo-
ure every square centimetre receives in 1/ from the sun precisely
s much heat as the square centimetre of the earth, that is to say
633 ; consequently, the total quantity of heat which it receives
s equal to its entire surface, expressed in centimetres and multi-
lied by 1:7633, or to 17633 . 4 = D2,

his incident heat is nothing else than the total sum of the

uantities of heat emitted in all directions by the entire globe of

17633 .7 R? or 0-4408. he sun, that is to say by a surface 4 7 R? R being the radius of

—4sRZ sun. Thus each square centimetre emits for its share.
Tt is easy to see, according to this, that in the (}ourseﬂ?g Z\Zn f 17633. —]I%—Z or 1—7—2—3§ 3

the total quantity of heat received by the earth from by eac . . . o e .

the same as if, during that interval, .therf.a s}lould enter, l)ll eacl being the visual demi-angle at wh}ch the sun is seen from the .

square centimetre of the surface which limits the atmosphere, earth, that i.s to say 15' — 40"; which gi.ves 84888: thus each
931675 unities. ‘ quare centimetre of the solar surface emits in 1’/

84888 unities of heat.

y- transforming this heat into a quantity of melted ice, we ob-
the following result:— :

fthe'total quantity of heat emitted by the sun were exclu-
ively employed in dissolving a stratum of ice applied upon the
lobe of the sun, and enveloping it on every side, that quan-
ity of heat would be capable of dissolving in 1’ a stratum
180 thick, andin one day a stratum of 16992™, or 41 leagues.
s determination, as will have been seen, does not rest upon
hypothesis ; it is independent of the peculiar nature of the
un, of the matter of which it is composed, of its radiating power,
ts temperature and of its specific heat; it is simply the im-
iate consequence of the principles best established in rela-
fion to radiating heat, and of the number which we have attained
experiment. '

0. This same subject may give rise to a multitude of ques-
ns; we will further examine the two following, less with a
v of solving them than of indicating the number and the na-
f the unknown elements on which their solution depends.
he first question is to ascertain whether there is, in the very

-

By transforming this quantity of heat into a quantity of melte‘

: e, we obtain the following result :— -

lcgif the total quantity of heat which the earth. receives from th

sun in the course of a year were uniformly dlspersefl over QE
oints of the globe, and if it were there empl.oyed,. without an_v

{)ossv in dissolving ice, it would be capable of dissolving a stratul

of ice which would envelope the whole earth, and which wou
have a thickness of 30m-89,

or nearly 31 metres; such is the simple_st expression offthe totth
quantity of heat which the earth.receives every year from
e to solve anothd
9. The same fundamental datum enables us to solve ol
question, which will perhaps appear more bold, and the 80 ugg
of which is nevertheless quite as simple. It enables us to ]‘111]‘
the total quantity of heat which escapes ﬁ.'om the entire g 0"
of the sun in a given time, without supposing anythmg,.texccs
that all the equal portions of the globe of the sun f]>Om1 eqqT
quantities of heat; this appears hxtl_nerto confirmed yte‘:xtpﬁ ‘}
ment, since the different aspects which the sun presents O'i

1
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substance of the sun itself, a source destined to produce heat
to repair in some manner, by chemical, electrical or other ac
tions, the losses of calorific rays which take place every instant
or whether, if these losses recwrring incessantly without an
reparation, there results, from century to century, a progress
diminution of temperature in which the globe of the earth mus
participate. i
According to what we have just seen, each square centimetr
of the sun loses in 1! a quantity of heat v = 84888 unities ; in
pumber of minutes it loses m v; and the entire sun loses
47 R%2.mo. .
" Now, if we suppose that the mass of the sun has a perfe
conductibility for heat, so that its temperature is the sam
throughout,—if we represent its mean density by & and its me
capacity for heat by ¢, it is evident that, to be lowered 1° t
entire mass of the sun must lose a quantity of heat expressed

i.R37rdc,
3

“ Thus the solution of the question before us now depends onl
~on two elements’ which, without doubt, will remain for ever un{
nown to us,.namely, the conductibility of the mass of the sun
nd its capacity for heat; and we have just seen how, by means,s
f these two elements, should we arrive at a knowledée of them
he question might be resolved in an exact manner. With re:
a{c'd to. the hypotheses I have made respecting them, their onl
bJect. is to show the extent of the uncertainties to wl,xich scienc);
s subjected on this point. '
11, Witl? the same object we shall proceed to examine an-
g othfar,questxon, which however ‘has the advantage over the pre
- ceding one of being more accessible to science, namely Whe{)hex-'
the temperature of the sun may have some analogy With’the tem-
: pe;'f:)tures which we are able to produce by cheuﬁcal or electrical
ons, ‘
We shall see, in the following article, that the total quanfity

h at ltt m 1 a square Centlnletle Of 8 ace always
3 llI‘f 15 1 A

1'146 . f. &',

%’;;Jﬁing th(]aJ emissive power of that surface, ¢ its temperature, and
e number 1:007% determined with great
Drlong and Pest great exactness by MM,

‘eétfshsazgsf;unrci‘ he(;zewhere that for the sun this quantity of
for f=1, = 1461,
| for f = Tlﬁi t = 1761.
hus the temperature of the sun depends on the law of rad;
ion of heat and of the emissive power of the sun' or of its at o
phere. In a former memoir* I have described an air ro-
meter, by means of which I determined all the high tem eraIt):yro—
p to the f:uS}on of iron; I have since verified the fact? thatuglfs
aw of radlz'ttlon applies to temperatures which exceed 1000:
hese: experiments will soon enable me to ascertain whether thé
aw in question exténds in fact to temperatures of 1400°
500°; but Wwe may even now regard such extension as v o
robable. - With respect to the emissive power of the sun 'i:r'y
nknown, but we cannot suppose it greater than unit I’t f 1ls
WS "therefore that the temperature of the sun is at Ieiir.st 146(1)°-
that is to say nearly that of the melting point of iron, and ’th-al,:

* Comptes Rendus de V' Académie des Sciences, t. ii. p. 782

since in m number of minutes it loses 4 # R2m v ; it follows that:
during this time it decreases by a number of degrees given
the relation  3em
R.d.¢
The radius of the sun expressed in centimetres is 70 billions;]
the mean density d of the sun, as compared with water; s 1+4; it
is deduced from themean density of the earth 5°48 ,from the masy
of the sun, which is 355 thousand times that of the earth, a
from its volume, which is 1384 thousand times that of the ear
- Taking, moreover, for m the number of minutes which cor;
respond to a year, namely 526000, and substituting for v i
value 84888, this relation becomes
- 4
3¢ ‘
This is the number of degrees which the mass of the sun mus}
cool each year, on the hypothesis of a perfect conductibility ; i
to this first hypothesis we add a second with relation to specifg
heat,—if, for example, we suppose that it is 133 times the spy
cific heat of water, we find that the entire mass of the sun wo :f
then cool '

+45 of a degree per annum,
.or -1 degreein a century,
or 100 degrees for 10 thousand years.
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this temperature might be 1761° if the emissive power of the-
sun were analogous to that of polished metals. These numbers,
do not differ much from those which I had determined by other .
principles and by other means of observation in my memoir of: ¢ easily perceive that it is a certain fraction b of th i

1822. f total heat ¢’ which is emitted by each element afu(ll Y

12, Starting from the laws of cooling in vacuo, discovered b uently that it receives from the entj : Coses
MM. Dulong and Petit, and developing a particular point of eat expressed by
view which those able men of"science had already indicated i
their work, I was led to this general theorem.

The absolute quantity of heat e which is emitted in the unity
of time by the unity of surface of any body, the temperature of
which is ¢ 4+ §, and the emissive power of which is f, is always,
expressed by the relation : ‘

e=B.f.at,
B being an invariable constant, which depends solely on th
zero of the scale and on the unities of time and of surface; it
value is 1°146, taking the minute and the square centimetre for*
unities. f

To demonstrate this general law of the emission of heat, le
us consider a spherical body submitted to cooling or to the equ
librium of temperature in the centre of an inclosure also spher
cal; let us suppose that the body and the inclosure have, bot
of them, a maximum emissive power, in order to avoid the effect
of reflexion ; let us designate by e the quantity of heat which
emitted by the unity of surface of the inclosure, and let us sup-;
pose that the equilibrium of temperature is established ; the total :
quantity of heat lost by the body in the unity of time is

es,

being the demi-angle at which the body i o
f the inclosure. + the body is seen from a point

If we now consider what the body receives from the inclosure,

nce th<.e equilibrium is established, the quantity which the body
cetves 1s equal to the quantity which it loses, which gives

be's =es,

s 72
bed =el — o1 __ n2
e es,_erm_esmw:e”;

alt is to say, the entire body receives, from each element of the
glosure,-a quantity of heat which is precisel
orhich it imparts to it. g el o that
i But at eq}xilibrium, the temperatures of the body and of the
nclpsure be.lng equal, the quantities e and ¢ must also be equal, -
ecanse their emissive power is the same s therefore .
b= sin%a,
hus, x‘vhilst ea.ch element of the inclosure emits in all directioné
ertain quantity of heat ¢, the body receives from that element
7 ¢'sin? w,
It .1s.c1ear, moreover, that if, the temperature of the inclosure
fmaining constant, that of the body changes, the bedy will not
receive fror.n_ the inclosure this quantity ¢’ sin? » which it
eived at equilibrium, ¢ being always the total quantity of

. -2 1 i
s being the surface or 4772, t emitted in all directions by the unity of surface of the in-

If we represent by ¢ the portion of this heat which is receive
and absorbed by the unity of surface of the inclosure, we shall}

sd ow if it be true that the absolute quantity of heat emitted in

L unity of time by the unity of surface |
S fior ot the o, y c’e is egpressed by a

s
for the total quantity of heat received by the inclosure, s’ bein
its entire surface or 47 7% \ ,
Now the quantity lost by the body being equal to that whic
is received by the inclosure, we shall first have :

: e=Bfag'+’
e results, for the total quantity es of heat lost by the bedy,
és:s.B.fatf"’; |

es=eé'd, : . ]
) > l&et;ame time, the Inclosure having the same emissive power
whence s ad :the temperature ¢ '
e d=eS=e L= sin® , perature 0, we shall thus have -

¢=B.f aa,
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and for the total quantity of heat emitted by the inclosure,
‘ dd=¢.B.fd.
As the body receives only a portion, sin® @, of this heat, its rea
. and definitive loss will therefore be
se— 3§ ésinfw= st.at‘*'é—— s’singw.B.fa’,

\le\c; the coefficient 7 has been determined with great care b

: . DL.ﬂong and Petit, and found equal to 2:037 for a thermoy
meter with glazed surface which was spherical, filled with _
ury, and which was 6 centimetres in diamete; ‘ e
- Assuming therefore .

. m = 2. k o
or on account of § sin® @ =, c—= 08; ; ’
) s.B.f(at""’——a"). s 1 ’
Such is the quantity of heat lost by the body. ‘ , p 1365
If now we represent its weight by p and its specific heat by ¢ f= 048,
it is evident that for one unity of heat which it loses, its tempe we find B = 1-146.

rature is only lowered a number of degrees denoted by
1

> -

Consequently, whilst it loses a number of unities of heat e

pressed by

f;lil;s :i-ﬁt c}::nnot be. perfectly exact, both because the value
l . ittle yp.othetxca!, and because the true dimensions of
é,e hermometef' in question being wholly useless for the re-
harc es on cooling, MM. D.ulong and Petit have only indicated
hem in a general manner: it is however certain that the error

annot be considerable, and we shall adopt the value of B as

S ;
sB.fl@™" —a) f sufficiently near*,

it loses in temperature only a number of degrees denoted by

. 13. We may, indeed, demonstrate directly, in another way, ‘
s.B.f(at-;-A__aé): :
cp

:l_t the values of the coefficient m are undoubtedly in a direct
atio to the sgrfaee and the emissive power of the bodies sub
ectfsd to cooling, and in an inverse ratio to the weight of th A
dies and their capacity for heat. ‘ ¢ -
In fact, admitting that the velocity of cooling in absolute cold

xpressed as i )
elatiI:)n s in the formulg of l\:IM Dulong and Petit, by the
v=ma,

‘obtain by integration the following formula

_ 1 a'l'—t___ 1 .
o= (=) B

| hwhich T represents the initial temperature of the body, and #
the grx}ber,of minutes which elapse whilst the body faﬁs from
nitial temperature T to any temperature .

Consequently, f ' . .
V;'elssﬁ?g by y> for the body to be lowered 1°is required a time

this is, properly speaking, its velocity of cooling.
To make this formula coincide with that of MM. Dulong
Petit, it is sufficient to suppose
_s.B.f
==
and it would moreover be necessary that the constant should]
pull, if it had been added to the value of e, as is easy to be seen)
supposing the body only to be polished ; this demonstrates t}
exactness of the general relation
) e=Bfat+", o e s e
and it shows, at the same time, the elementary composition
the coefficient m, the numerical-value of which has been givg
by the experiments of cooling; thus the magnitude of thi
cfficient is in direct ratio to the surface of the body and its
diating power, and in inverse ratio to the mass of the body &
its capacity for beat. C
With respect to the value of the constant B, it may be
duced from the preceding relation, at least very approximate

1 -
w:————ml,a(a— e T,

Now, if We represent the surface of the body by s, its weight
and its spemﬁc heat by ¢, it is evident that in falling 1° it
*.See Note 1, p. 85
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, but this small globe was only 6 centimetres in diameter, and if
it loses it by one surface 5 4

we make the same calculations for a similar body having, for
example, the dimensions of the earth, we find that in absolute
cold this globe would take

60

loses a quantity of heat p e, and as
each unity of surface loses e

=3

s

but since the body requires a time
in a time 1 it falls

13,640 years to fall from 100° to O,

to fall 1°, it follows that
, 29,830 years to fall from O to —100°.

10

@
the unity of surface loses a qu

These examples may show that there has perhaps been some
exaggeration in the ideas which have been hitherto entertained
of absolute cold and the phenomena which would be manifested
on the surface of the earth if the temperature of space were ex-
cessively reduced below the zero of our thermometers; they show
‘the same time that the essential laws of heat are established

i antity
Thus in the unity of time,

of heat expressed by pomla g
s “a—1

which should have the same initial tempera

fixed principles that sudden changes of temperatur
bod pon such ixed princip ! g p e
For %Fog;lzrloss Zvoul d be. e not less impossible in the system of the world than the sud-
ture 1, Fra la 7 en changes resulting from mechanical actions.

e a—la : 15. The theorem relative to the emission of heat enables us

ating powers determine the conditions of equilibrium of temperature of the

mosphere; for this purpose we shall proceed to consider in &
eneral manner the conditions of equilibrium of temperature of
a globe protected by any diathermanous covering and suspended
with its envelope in the middle of a spherical inclosure.

et us designate by s, s, ¢ the surfaces of the globe, of the
elope, and of the inclosure ; by e, €', ¢/ the quantities of heat
pitted in the unity of time by each of the unities of surface of
', '; we designate by & the absorbing power which the dia-
manous envelope exerts upon the heat emitted by the globe,
by & the absorbing power which it exerts upon the heat
mitted by the inclosure.

+The globe emits in the unity of time a quantity of heat e s
portion & es is absorbed by the envelope, and one portion
b) es traverses the envelope to reach the inclosure.

he inclosure emits a total quantity of heat ¢'s'; one part
sin®w falls upon the diathermanous envelope, designating by
e demi-angle at which the inclosure is placed with regard
oithe envelope ; this latter absorbs a portion of it, ¢’ ' sin? e,
1d.it lets pass a portion, €'s' (1—4') sin? w.

e-envelope emits a quantity of heat ¢ s" toward the globe,
nd an equal quantity of heat ¢’ s toward the inclosure.

he sum of the quantities of heat which the envelope loses is

ust be proportional to the radi
, we should have _
m  s.f.p¢
W g f.pe
the coefficients m and m!
ratio to the surfaces and the radia_tifxg powers,
ratio to the masses and the capacmesj.'
14. The formul® (2) and (3) cont::lmlc
absolute cold ; they may be employe

et ‘ whezg
of %izsg:st shows, for example, that under th; ggu::g}r;,squér
the temperature of the earth is on an average o ,‘

centimetre loses in unities of heat,
144 in 1,

1037°00 in 12 hours; 1
that In a column of water 10. metreso 1
1 rs be only a lowering of 17§

whence it follow .

ould in twelve hou . : i
dep‘t b, thel;i' ‘:urface that column lost 1its ‘heat n al?:}(zle\it% yl
bytgsuli%gceiving corhpensation for what it loses, €l b
witho :

its sides. \
fre’i‘;urf:((::snog :1)1{)\12\75 that in absolute cold the thermometery
es

MM. Dulong and Petit would take )
l 34'14 to fall from 100° to 0,

7466 to fall from O to’ —100°;

As these losses must |
and f' of the two bodies

' are in fact in a:‘d'pr
thal ¥ the sur and 1n an 1nve
the laws of cooling i
o solve a great numb:
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uch are the general relations which give in all possible cases
¢ differences of temperature required by the conditions of equi-
brium between the globe and the inclosure, the globe and the _
elope, the inclosure and the envelope. We see that these
erences depend essentially upon the relative values of 4 and
', that is to say, on the absorbing powers which the diather-
nous envelope exercises upon the heat of the globe and upon
t of the inclosure.
f-we first suppose that these absorbing powers are equal,
t is to say that & = &/, it results that

t=1¢,

1

o

equal to the sum of the quantities of heat which it receives, &

this gives a first equation, o
2dld'=bes+ bV es sin*o. .
We obtain in the same manner for the globe and f'(;.rt thbee;:;;e'
sure, two other equations which result from th{e equality
the quantities of heat received and lost, namely,
es=d'g + (1—10b)e ¢ sin’w,
ddsintw=2¢d+ (1—b)es. .
Tt is easy to see that these three equations ,arle It'eil:(zlllr)rlﬁ
two, because the first is a consequence pf the two last,
be I‘}'eizcr(:gvfrs:;;g:? t.he radius of tl}e envelope to be sg:; x
equal to the radius of the globe, as is pearlg the;n Zase wi
atmosphere around thee e=ar37, _lfh(el t_ail\;;tzns €co
d=¢ +(1—0b)e '
and this leads to the three following relations:

at
at"" A 'f_"_,
b

hus all diatherma_hous envelopes which exert équal absorb-
powers on the rays of heat of the globe and the inclosure,

) 0.not prevent the globe and the inclosure having for the equi-
e _2—1b ' . .

SE 5= b m exactly the same temperature as if the diathermanous
€ 9 _ ¥ osure did not exist, and wice versd.

f,_, i Vith regard to the temperature of the diathermanous enve-
Z' o b itself, we see that it can only be equal to that of the globe

and of the inclosure, under the condition that f/ = &, that is to
 that the emissive power of that envelope is equal to its ab-
ing power, which, in fact, is the case with rock-salt and air,
e ascertained by experiment.
ut when these conditions are not fulfilled, when the diather--
janous envelope exerts unequal absorbing powers on the heéat
he inclosure and on that of the globe, the principle of the
ality of temperature ceases to be true, and immediately there
manifested, contrary to the ordinary laws of equilibrium,
flerences more or less considerable between the temperatures
¢ globe, the inclosure and the envelope. The following
ontains some of the results which are obtained in discuss-

If, now, we designate by Z, ", ¢ the tempera‘c,ursst }(;f' th: nglo
of, the envelope and of the inclosure; by f, j’ y f | e1tr)' e
owers, we shall have, in vi'rtue of the principle above e
blished, the three other equations :t
e=B.d,
¢ = B.d",
‘ d=B.f" at”,
on the supposition we have made, to simplify the meﬁ;::: t
the globe and the inclosure have maximum emissive p ore
These equations, combined with the preceding ones, g

iy _2— b” e formulae, after having attributed different values to &'
@t =9 . b '
— ;
=t _f" 2 b (i
e =S —b0
{3 " 2= b .
a =f Y
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Excess of temperature

cooooO2D
OOCJ‘O’\)P»&WMOQ
coossooe
— e 0 DO 0T

Tt results, for example,
absorbs only three-tenths of the
tenths of that of the globe,
exceeds that of the inclosure by
by 59°5, which last is thus 14°
closure itself.

There is, however,
globe and to t

This effect o
it becomes perhaps still more striking
temperatures themselves
ference, since the prece
that if an inclosure has its sides ke
rature of melting ice,

closure, having no other heat
nevertheless, under certain conditions,
rature of 40° to 50° above zero, that is to say,
considerably higher than that of the torrid zone

erature without ever cooling,
emperature, and consequentj

the rays of the heat of the
s sufficient for the globey
lope, possessing the doubj
£ the heat emitted by the surf
n the contrary about ni
face of the globe.

th relation to t

this excess of temp
no longer being in equilibrium of t
of being instantly heated again by
closure. For this pheenomenon, it i
be protected by a diathermano
property of absorbing only hal
of the inclosure, and of absorbing o
tenths of the heat emitted by the sur

Lastly, to complete th
velope itself, which is th
add, that this envelope -incl

of the globe

over

the inclosure

-t

350
455
570
380
490
41-0
465
780
910

of the globe

over

the envelope
-,

535
595
650
490
560
460
495
910
910

that if the diathermanous envelopg
heat of the inclosure and eightg
ture of the globe they
45°5, and that of the envelopg
of the in

the tempera

instead of stop
ding examples then lea

a globe suspen

us enve.

below the temperature

2 Limit to the accumulation of heat upon &
ing of the envelope, and that limit is 9

£ diathermanous envelopes is
when w

is consequence, wi
e sole cause of this effect, we must aly

uded between an inclosure at 2

very remarkable, ang
e ascend to thg
ping at their simple di
d to this resulf
pt throughout at the temy
ded in the centre of th
but what it receives from it, m
be raised to the tempg
to a temperatug
, and main
on conditio
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and a globe at 45° or 50° wo
uld be found 'to have
r : only am
rix:lperature lower by some degrees than zero, its lowbe’:r s’cre':ltn
ldg. v}z‘alrlmex-' than the. inclosure, and its upper strata m c ]a
t ;r, ollowing a certain law of decrease which may be IUCI
at f) when the proper data are obtained. y e
b 121‘r ;tresen:‘ rema_rks .(supposing the inclosure to be at the
I(I:hr ur}fi of melting ice, or rather supposing that the heat
5 :.ac es the glotfe is uniformly distributed and equivalent
fir s(iz:n. ity to tha}t which would proceed from such an inclosz?e
pondit:ﬂng a maximum emissive power) apply, under the same
e te;o}l}l)z,r atto gndlnclosure of any temperature, provided that
ure does not vary from the degre
. es of r
; hich the law of cooling may extend. grees of heat o cold
'Nli;h, mf general, are the effects produced by diathermanous
7o ﬁf;es rom.the mequality of the absorbing actions which
éﬁ “yif.tez(erase upon the different rays of heat which traverse
em 3 With respect to the cause of these ions
laroche has demonstrat : i it s e s
ed, on one side, that it d ] .
urces of heat themselves, a ' e on the
, and consequently on the peculi
' cul
turehzfl sh:hcagq?gc ray;; and M. Melloni has shoWn,pon tllzll:
: , that 1t depends also, under certain relati
ure of: the diathermanous sul;stances. relations, on the
fI"Il}ilsherto it has been admitted that two athermanous su
of the same temperature emit identical rays of heat, or Z;
ra')rrlz (gl heat Wthlcll experience always equal absorpti’ons in
e same media; but it is perha i i
: dia ; | ps not impossibl
: ;t ‘the dlscovery, in this respect, of some diﬁ'ererlx)ces W}?i(f}(:
end either upon the diversity of the emissive powe )
Ji('ary. nature of the bodies. PONER, or on
Chis is an. essential point, to which th ‘
; - : e researches of M,
e]lq\xil };?;re, Wilthout doubt, not failed to call the attent?onl\g%
al philosophers. If these rays, emanati A
. , émanating from sourc
mperature, resist all tests, if they preserve their i(;;r(i:ito g
 fraversing the same .dlathermanous media, it will be im'possibly
?IE, 1;1 ihet%xpenments of the laboratory, any accumulae
“heat by the. interposition of diatherm ;
f ‘ . anous envelopes ;
lzrii:lhalt) ca;ie the absorbing powers of these envelopes Wgsfci :
3 ‘tlylr e the same upon the rays of the inclosure and on
“the glf)l?e' or of the interior thermometer.
impossibility, however, could not affect the consequences

we shall proceed to deduce fi 4
. IV, PART XIIL, o rom the formula with rela-
F

it
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66 is'upon this principle also that he has indicated, in a general
manner, that the temperature of space ought to be very little in-
ferior to the temperature of the poles of the earth, and about 50°
or 60° below zero; expressing by this valuation nothing else
than that the total heat which reaches the earth from all the
celestial bodies, excepting the sun, is equivalent in-quantity to
that which would be emitted on the globe of the earth by an in-
closure at 2 maximum emissive power, the sides of which should
be kept at the temperature of 50° or 60° helow that of melt-
ing ice, 'The essential point in this manner of regarding the
phenomena is the possibility of substituting for the whole of
the celestial bodies a fictitious inclosure, or an athermanous sur-
e kept throughout at a certain temperature; it remains to
xamine whether there are experiments by which this tempera-
itself can be determined, and with what degree of approxi-
ation we may hope to obtain it.

onsidered in relation to its nature, the heat of space gives
e to-a multitude of questions which it would be useless to treat
re ; we shall limit ourselves therefore to some observations -
finherent to our subject. We remark, first, that if the fictitious

§ sure which has just been spoken of can, when a proper
nperature is assigned to it, represent strictly, or very nearly,
eat of space, it can only represent it for its quantity; and
Il never represent it for its nature, since the heat of space
sses essentially properties due to its origin, which it could
rive, without doubt, from a source the temperature of

ither upo
mosphere produces el
the Pheat of the other heavenl
gnated under the name of Zeat

tion to the effects which the at
the heat of the sup, or upon
* hodies, which is in general des}
space, or planetary heat.
With regard to the solar h

in traversing diathermanous si

eat no doubt exists: we know t‘}l}lat;
bstances it is less absorbed t

the
T nt terrestr].al. SOurces; ¢
ﬂle heat WhICIl 18 del‘lved fI'OIn dlﬁ‘e (§]

ich is not very high ' _
temperf{lriOOfmvS?ec the exper’uient only upon solid Otrh;;qthe
b?en e ous screens; but we regard it as certain N Ay
dlathen}?a?c stratum acts in the manner of screens 9f t 1son -
atrgotsll:atezonsequently it exercises a greater absorptlgg ‘1% o th;
i;nrrestrialthan upon the solar rays ; we 'must ali? aes ;aid o
é;: flerence of action does not result, as 18 some 1{1;‘ s ob’s e
tllle solar heat being luminous and the terrestria

to the present day, ' ! .
f’;(})i’s 1sllr.l)lz)ject leags us to think that there 18 neither warm "1g

i d

» luminous heat : the rays of heat an.d of l‘lcg:;::e r:;gle :
:}?eir origin from the same SOUrce, be emltteg1 : e s
and coexist in the s&g.mepencﬂ of ra}}ria,n’t()lutt heyym I;y et
e 0}1 arac‘ﬁ:'é s:::ﬁ:;,oznt; eo(r)in:he ottier hand, th‘ere is no:
::n::): E:)f ;O;Zy of heat which has been transformed into a ray
i, nor of @ ray of light, PROPE UG orptin
transformed into a ray o .

liar properties which ’ . | .
e et s there{;)re :}:;Yp:;: lzmiftef by sources 2t hshould be lower than melting ice. We instantly see that
when f
rays of heat assume

hioh. and these properties are oyl is there result conditions which it is impossible for us to -
temperature more Or less high, 1 more when the tempera duce in our experiments, namely, a heat which is by its
maintained, or perhaps (::levelope_ n(; £ ,r it, like 4l ‘a8 if it emanated from a cold source, and by its nature
of the sources is Sufﬁ(flenﬂy rals: ° ‘emanated from a hot source. To explain this kind of
sun, light at the same time an he:c'e there is another distinctie iction it suffices to admit that any line, starting from the
With respect to the heat of 5p d i,n relation to its i nd prolonged indefinitely in space, will not essentially
to be made : it must be considere ter a body which can transmit heat to the earth; or, in
in relation to its natuye. . antity, it is measured, asij rords, it is sufficient to admit that the planetary inclo-
Considered in relation to 1‘§shf1}1t roﬁ’u ces : that is to sa | reality, is not for us an inclosure becoming continuous
-other heat, by the eﬁ‘e?ts v hich ¥ 1]3 or by tt,xe elevation of ‘ssemblage of numberless bodies which are dispersed
the quantity of if;e which .1‘0 Cantnzz ; given quantity of w epths of space at distances continually increasing ; then,
perature which 1t.wo.uld 1mp311;/1 Fourier has first shown thy ere will be points or small portions of the celestial vault
It is upon this principle that i‘the heat of space In O would transmit heat to us, and other portions doubtless

to
was necessary to take accoun FQ

i rrestrial temperatures ;
explain the phnomena of the te a
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larger which would not transmit heat to us, because the corr
sponding lines are prolonged indefinitely in space.
We thus understand that the heat of space may be assimilated:

to the solar heat in its nature and origin, if not in its quantity,

and that the atmosphere consequently exerts upon it the sa

absorption. This being established, the general conditions -0
equilibrium of the diathermanous envelopes which we have di
cussed above find here their direct application: it is sufficien
to admit that the globe which we have supposed of any givel
dimensions, is the globe of the earth ; that the inclosure is tha
which represents the unknown temperature of space; and, lastl
_that the diathermanous envelope is nothing
sphere supposed at first without clouds, and possessing the
perty of absorbing only in the perpendicular direction about 2
or 25 hundredth parts of incident heat, as we have found by 1

experiments on the solar heat related above. As the absorbir
itted by

action which the atmosphere exerts upon the rays em
carth is necessarily greaters it results that all the consequen
at which we have arrived apply to the equilibrium of the't
trial temperatures. »
In consequence, the phznomena which occur without.
action of the sun and without the effects of the interior hed
the globe are the following :—
1. The temperature of the surface of the earth is consider:
higher than the temperature of space: :
0. The mean temperature of the atmosphere is necess

t}?ifslubeni:1 :rlx) the temperatures of the soil. He had been led
o onysome 1eautlful expen.ments' made by De Saussure, in.
ain; n som V(;eeva’:ed summits of the Alps and in the adjac,ent;
i 3 kb e OW 0 co;npare the' relative intensities of solar
oat: - O e rf:ca.sul)n M Fourier states in a precise man-
arions. of ep_ lrlu{)lp es which have served me to establish the
ations o quilibrium ; only that he appeared to apply it

y e solar action, supposing that this periodical apc}trion

he  principal caus
e of
mosphere. , the decrease of temperature of the

0 . .

: v;lna&(;tth:iesfe, M. Poisson, in his last work, has already
th that ¢ lowgpir strata of the atmosphere must necessarily
e th'r emperature than the temperature of space:

o defluced © 1sdresult, on one hand, from the numbers at
pR e s fr::, t;lo express .the temperature of space, and
R 1,1 o B ffi: mechanical conditions of equilibrium

oh oo et t}e}a ulfilled =.1t the lim}ts of the atmosphere i;'

o o et itserei experience a degree of cold sufficient to

! s oL it elasticity. This conseqnence, which might

Sy erhary when present?d only as a mechanical ne-

e o e the o f st heot
nce it is by this explained anlc';);r::fere :il o ?f radlant'h'eat,
f we now return to the conditions couiloriom ot din

anous envelopes to examine the ca(i:g Iiztfllllli)cf}llu:lnla;fh?:;

2. The men e oD L more ha ﬁze ‘upc.);i) t}}:eir double absorbing power, we shall remark
gpecific heat of :
at of the substance of these envelopes cannot

temperature of the earth itself: . ]
3. The decrease of the temperature in the atmosphere isn D ge without th‘? absorbing powers changing also in a certai
all due to the periodical action of the sun, nor to the ascen elation, In fact, if around the globe we substitute fozf'jl com
and descending currents which that action may determine pe anqthe;- envelope of the same mass and the sanf given
the surface of the earth; it will even take place when th ich differs from it only in its capacity for heat 'te' o
would not heat either the earth or the atmosphere, because Y. probablef that the effects will be different t}’l lt lshex-
one of the conditions of equilibrium of diathermanous envel Yelopes will not take the same temperature and t? tt o
and its real cause lies in the unequal absorbing actions O_t. d ett?rmllne equal accumulations of heat ,on> thela 1t};,ey
the atmosphere exerts upon the rays of heat derived from upposing that the relative values of the two abscil?’ o
and upon those which are emitted all round the globe b ¥ ri(::;)aitanrzhe S]i“{e_in ;ach of them. g
surface of the soil or by that of the seas. o mark, joined to some other consi ; .
M. Fourier is, I think, the first who has had the idea t"’bi_ developed here, has led me to admit trg’: :;SZ%SSO‘:{;}Ch
garding the unequal absorption of the atmosphere as exe 3 of the same ela.stm fluid; considered as a diathermanmg‘
: nce, are proportional to its mass and to its capaéityofgi

i Argnales de Climie, tome xxvii. p. 155
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le, into 109 phere must lose every day all the heat that they receive. Now
. Jividine the atmosphere, for examp e,
heat. Thus, In dividing

individual absorbing he quantity of heat received by one of the lower strata, for ex-
concentric strata of the same 11)0[1'8»55;0 t}(;iug;d:lv ﬁllihe differerf ample, depeflds.‘ upon the absorbing power which is peculiar to it,
Deine et o s o Wﬂlta e 1%6;; the surface of the carth and on the incident heat which reaches it, both from the earth
e e e reat d the capacity small, the propet velow, and also from the sun and from space above. It is the
where the pressure 18 gr‘fat an uently less than near th same: with rf:spef:t to one 0 £ the uppor strata s o s tho
s of prs i cont;eg ressute is feeble an t ,t.ha!; this will receive from the sun and from space much
B o s e Whe:f\at at Ehe same time the inferioril = more incident heat than the lower stratum, since this heat is
cpety consuii:i 9-;3 Eei*t;(i:f}(:ight much smaller than that (:f t’ceh
R Oic‘:g This consideration modifies, as we havehs 1 '1
o Str:' tl'1 s.of solar heat which reach the §umm1ts of the ng
e tains, d it leads to a general expression for these quatr
n'lountall‘:s’tanin which it remains to substitute the .barometh
- (?f ez\r;d the corresponding specific heéts. It is thl{in §
P abeor tion, which we have found and vel.'lﬁeé.l b.y expe!rlble
- absorpd to, the different heights to which it is possi -
miine;tier? order to make observations there analogous to
as . )

i made at Paris. : %
whllfilst‘{;e }tl}?;;esame principle, and those which have :)e:;lled& :
loped ab(’)ve lead us to express, in a _s1mpl.e man.mj3 I; ﬁmeh

ot f ’radiant heat which is emitted n a gV .
quantl'fz (;f surface of any atmospheric strata whatever.
o unt yof heat depends, in fact, only on the peculiar t'empa
quantlf };hat stratum which we shall represent by #, on 1?1(3
tl'lre'f? - heat ¢, and on its mass 7, then on the number B —kﬁ
Clt}: i the (;onstant of the radiation ; and lastly, on an un ”
Whriila:lst k which depends on the nature of the elastic flui
co

value is then

ened more and more in proportion as it penetrates into
eper-strata; it is also evident that the lower stratum in turn

1. receive in compensation much more terrestrial heat than the
Ipper stratum, because the terrestrial heat is weakened by the
ame cause in proportion as it penetrates into more elevated strata.
Lbe: relation of these received quantities, or rather of the quan-
f1es received and absorbed by any two strata, may be calculated
proximately, and we find that it does not vary much from
ty, provided at least that we do not arrive at strata very near
imits of ‘the atmosphere: if we assume it equal to unity,
signifies that two strata of air, one upper and the other
er, very near to or very distant from one another, absorb
day equal quantities of heat; but since they both lose all
they receive, it results very evidently that they lose in the
e time equal quantities of heat. Thus, we should have
: Bimecd =Bkmd o,
|
| ol
result, which expresses in so simple a manner the law of
rease of the temperature of the air for the equatorial re-
nd which seems to extend nearly to the limits of the at-
here, requires to be verified by experiment, as much at least
ese verifications are possible.
‘we know, by the researches of M. de Laplace and M.
on, that the capacities of elastic fluids for heat are connected

pressures which these fluids support by a relation of -

C’_ P 1__’%
?—(27) s

eC més for dry air

/ 3
_C_ = (_11)11
c Y 4

t—l’: l‘

Bimecd. .
i s, situated at a gr
R her stratum of the same mass, ‘ :
{-‘10}' &niileetemperature of which would be .t' and 1t§i ;ag)eac1 |
t}:gtot’al quantity of beat lost in the same time wWou
Bimd .
i ider the state of the
:. beinge established, let us consk
Thl;lxsrbeellmgder the equator, admitting t.hat the sky thetre h?.: ‘
ipnge unclouded, and that the equilibrium of tempell;a fe‘; 1
. i tmospheri
i t the height of the P
established throughou atmosphert o
ture of each day beng y
then, the Teoh . cons ]so in each of the strata of
the soil, and constant also1n |
‘:vl‘;xo;ever heig’ht, the soil and the different strata of the




SOLAR HEAT RADIATION AND ABSORPTION. 73
POUILLET ON y
72 M.

ilst the air is in general very humid under the equator, on
ount even of its temperature,
18. A thermometer which is exposed on the ground to the
urnal radiation receives heat from two different sources,
mely from space and from the atmosphere. The heat of
space being submitted to absorption like the solar heat during
is-atmospheric passage, only three- or four-tenths of it can in
neral reach the thermometer, at least supposing that the ex-
eriments are not made on high mountains. With respect to
he heat emitted by the atmosphere itself in the course of the
ht, it is the effect of the individual radiation of all the con-
entric strata which we can imagine from the level of the sea
p to the limits of the atmosphere, and it depends consequently

i la has been verified by veryl

ually know that this formu ve
:;ESUXSL: ({axpe);iments of MM. Gay-Lu:ssac and Wfalllter;l I;avdhlf g
extend for the pressures from 1460 mill. to 144 mill,, I

0 to 20° below.
the temperatures from 40° above zero to 20° be

Thus we may already calculate the capacities of the differen

strata of air up to four-ﬁft}fs of the he'lght (Lf the 2‘;21111(1)2?:2?. i
would be, however, interesting to (for}tlnue t e Eizp i
Gay-Lussac, and to extend them, if it be possi e, P sorving
) cision, down to temperatures of 60° or 80~ below zero;
Sar;lif;i)eratu;e which we can now obtain by means of the ap‘
ilorier*. ,
pamtu% Of(;iVI ifTv}vl;](:émit provisionally that the formula of};
Polii;):ne‘;ct,ually extends to a pressure of 155 _Of atr;;z:s _mer

find that the temperature-of the corresponding s rat
:‘:at pressure would be lower by_163° than the Itnea}nmo zﬁ) .
ture of the stratum nearest thg soil, and, as the latter1s Y
g :oild bZr;fgre:ei?‘;vhzeigb strata corresponding
e, To0ths o spheric pressure, and taking
to each of the 100ths of thf: atmospheric p ur ,1e 4 taking

we obtain approximately what w y
?1112 I;Z‘;Irll (’zgrfi};)(zrxf:ture of the atmospheric coluEnn, blelflallllfz B
iln fact in virtue of this temperature that tl'le entire _(:080 !
adiant heat: the calculation gives for th1§ meanW 1. Ca

' There is still another verification possible. 0 e gﬁohe
the barometric formula is e).;act up to ahcons;ti::{ o ne
and that it establishes a relation b(ftween the vert o et

the two strata and the corresponding pressures.

is approximately

ght of the atmospheric column ; we may add, that its influ-
e is much more considerable than has hitherto been supposed.
lor the rest, whatever be the relation of the intensities of these
auses, it is evident that we may conceive a single cause
able of producing'an effect equal to that which results from
ir simultaneous action; or, in other terms, we may suppress
thought the heat of space and that of the atmosphere, and
ive an inclosure, of a maximum emissive power, the tem-
crature of which is such that it imparts to the thermometer
to the ground precisely as much heat as they receive at once
the atmosphere and from space ; this is the unknown tem.-
ture of that zenithal inclosure which 1 term the zemithal
perature. :
he object of this manner of viewing the phenomena is not
esent the peculiar and perhaps unequal actions which
ermometer experiences in such or such a direction, but
0 represent with exactness the definitive and tofal action
ich it is submitted, so that its depression below the am-
temperature is the same with the zenithal inclosure as with
imosphere and space united. It is under this cohditioﬁ
-are now permitted to assign to the zenithal inclosure
'm temperature in all the portions of its extent. In short,
dent that the zenithal temperature is necessarily variable
instant for the same point of the surface of the earth,
‘more variable for one point than another, because it is
¢d of a fixed element, which is the temperature of space,
an.element incessantly changing, which is the tempera-
¢ different atmospheric strata.

18393 .1. (%);

on combining it with the preceding, we arrive at this resul

that is to say, that the difference of the temperatulfes}) .of/t,

strata is 1° for every 225 metres within the extent to which4
- - a d' (

etric formula can be applie ‘
bal;?VIE know that the experiments of M. de Humboldt glvec20
this difference of one-eighth depenclsfdoubltlesshcf:hn(;z;.::zrlectsg
i t that the formula whi
and particularly on the fac »
capaIc):ities with the pressures can only be employed 'for dr 7
* See my experiments on this subject, Comptes Rendus, $. 1V. P.-9
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The advantage there may be in resolving thus the I;;Obl
will be better comprehended when we sl;;xlll ha\{e sho:rl()lua ::tg;ew
1 i 1t between the unknow :
relations which thence resu nown due
i i t us represent by z the
h we seek to determine. Le esent
Z‘;}rlxlli)erature and preserve the same designation for @he othe
quantities, namely,— ; ‘
¢ for the temperature of space; . .
/1 for the mean temperature of the atmospheric columél‘,
b for the absorbing power which the atmosphere exerts upo
the terrestrial heat; and
¥ for the absorbing power which the atmosphere exerts upog
the celestial heat. . :
is being established, let us consider,— -
rfhi;hai d%lr'mg the unity of time the zenithal inclosure e
by the unity of surface a quantity of heat,
Ba®;
B being the same constant 1:146 of which we ha.ve'prevmu
spoken ; there is no coefficient relative to the radiating pow
4 . . v
because we must suppose it equal to unity.

2. That the atmosphere emits likewise a quantity of hea

Bba", :

because its emissive power is equal to its »absorbmg power, wh

¢ have represented by &. ) |

" 3. Lastly, that space emits a quantity of heat

" Bd,

but that there is only one portion of it (1— v) W}ncp dnl'lectly ;

erses the atmosphere to reach the grqund, whence it follows

:’vith relation to the thermometer which rests/ upon t}{? .%r

it is as if space had an emissive power 1— &', and as 1f 1

i ly a quantity of heat )

mitted only a q i -

Since the zenithal inclosure replaces the at{n:-sph:ret 1?:(:}1?;
ti ich it emits with relation to

tity of heat which it emits w1 he therfg

gi:tg: :;lusg be exactly equal to the sum of the quant1t1e§ of i3

emitted by the atmosphere and space.

We have then

and variable temperature of the column of air, and with the two
J"nequal absorbing powers of the atmosphere. :
19. Let us now attempt to indicate how it is possible to ob-
erve the zenithal temperature each instant of the night, nearly
we observe the temperature of the air.
have employed two methods for this purpose: one which
ts on the employment of mirrors, and the other on the employ-
nt of a novel instrument which I call actinometer ; we know
this name is already applied to a very important invention
ir J. Herschel, and it seems to me happily chosen by that
lustrious astronomer to designate all kinds of apparatus the
t. of which is to measure the effects of radiation, whatever
ithe principle of their construction.

1l be sufficient to indicate here- the ‘second method : I
ly remark with regard to the first, that the cooling which
nved at the focus of a mirror whose axis is directed to-
he zenith, does not depend upon the concentration of the
as been hitherto supposed ; a simple plate of polished
:rather an expanded cone, produces nearly the same
at I have found it possible to substitute for the mir-
ectors of this kind which are much more convenient,
ith the reflectors, as with the mirrors, the experi-
elicate and the formule very complicated ; they con-

Ba =Bbd +(Q — ) Bd,
F=bd" +(1—0)d. :

Such is the general relation which connects incessa}nl‘zlzhth

nithal temperature with the temperature of space, Wit
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hqrmqmeter: faced successively extents corresponding to o
ﬂu}z:rter hfzm;sphere, one-third hemisphere, and two-thifis hen:i(-3
, Er:trsr;e in ;ach position I awaited the equilibrium of tem-
e ,a?:an‘rilcg(:d at the same time the temperature of the
epeéted, o and t’erpi- :thuer :p(ﬂ'aratli;. A.nalogous experiments,
epe: melting i
nediate temperatzures, have led me t;l btl:gefiﬁ(oi“?itn Ot?::ullrtlt'er-
: gf:l t}'le ambient temperature nine-fourths of e ing;
L.the actinometer be taken away,
ure of the artificial sky. This re
elestial vault, or rather to the zen

’eazgsixl’)ve lduring the night the temperature ¢ of the ambient
e:] A ¢ lowering & of the actinometer, we shall thence.
uce the zenithal temperature by the formula |

_ d
Z——t—-gz,

tain the real temperature of the air, and the relation of the coolin
resulting from its contact to that resulting from the radiation—
two data upon which it is impossible not to have some uncer
tainty. :
The actinometer is represented in the above figure : it is com
posed of four rings of two decimetres diameter, furnished with
swans’-down, and resting one upon another, so that the do
may not experience any compression: the swans’ skin itsel
forms the foundation of the circle of each of these rings. Thi
system is inclosed in a first cylinder of silver plate ¢, enveloped
also in swans’ skin, and contained in a larger cylinder ¢
thermometer vests on the centre of the upper down: the m
gin d is of such a height. that the thermometer can only f
two-thirds of the hemisphere of the sky; this margin is per
forated with holes at the level of the down, in order that the cold
air may flow regularly *, '
This apparatus is during the night exposed to the radiation:qf
the sky, and its thermometer and an adjoining thermome
freely suspended in the air at four feet from the ground are ob;
served hourly; the zenithal temperature is deduced from thy
difference of these temperatures, or from the lowering of
actinometer; but for this the apparatus must have received
graduation, which we proceed to indicate.
20. If the actinometer had an indefinite surface, and werg
maintained at a constant temperature in vacuo under an hemj
spherical inclosure, it would evidently take the temperature
the inclosure ; on the contrary, with its real form, facing o
two-thirds of the hemisphere, and enveloped in a stratum of’
which warms it again, it must always remain at a higher
perature than that of the inclosure. - The graduation is intend
to determine how much it is heated, so that it is sufficie
know its ‘temperature and that of the ambient air to de i the fixed term which enters into its expression h
thence thetemperature of the inclosure, with which it is in i mall value with relation to the varialﬁe teron a; only 2
change of radiant heat. It is obvious that there must ex that, _in the nocturnal radiatién, the heat ofx'r-: e omse-
simple relation between the temperature of the inclosure 1n relation to the heat which is derived from tﬁaCe Gty
the lowering of the actinometer. To discover this relati ¢ radiation
composed an artificial sky with a zinc vessel a metre : onsequence can scarcely be : . ..
meter, supported at a height of two metres by three sle 1 v 2¢ reconciled with the Opintons
columns ; this vessel, the bottom of which was blackened,
filled with a refrigerating mixture at — 20°, and the actinomg
was placed vertically beneath at such distances that the cen
: * See Note 2, p. 89: C

the lowering
we always find the tempera-
sult evidently applies to the
ithal inclosure ; consequently,

is the result of the graduation,
ls; O]fi“u;ther' on will be? found a table containing some of the
Ot experiments which have been made during very b :
nights, and in calm weather, to determine the zenitl?;l teau*
ture, T'hese experiments confirm the fact that the zeniflllni
pofattl;lre is li);vered during the night, nearly as the temperz
¢ -ambient air; this progressive lowerin .
g to the 1sing of the sun, is an essential fact %hfi%ni tge
(dlately to an important consequence.. o
act, we have seen that the zenithal temperature i
‘ by the sum of two terms 5 one depending on the . ex-
erature of the atmospheric column, which is Varia.blemzzg
X 2

ther depending on th
; e temperatur ‘hich i
.Now since the zenithal d e enroce which i

8 in this direction,
which they merit,




78 M. POUILLET ON SOLAR HEAT,

- BADIATION anp ABSORPTION

The numerous results of Mr. Wells, of Mr. Daniell, and of Nimits for the tem . .
the other natural philosophers who have made experiments h are manifested 1£i;ature " Bl regions i it
nocturnal radiation, not only prove that a thermometer exposei#ilprevail in a constan man inoughont ey oo
on the ground during the night, in an open place, is cooled ¢l mental equation, f; om thm'ughom e mper
7°, or even 8° below the ambient temperature; they also pr xe of space withous ’harom oty gt
that this pheenomenon is reproduced, almost with the same he atmospheric coly O o the mean e
tensity, in the coldest months of the year, thatis to say f [0 fact, in the equatof'ml
January and February, when the temperature of the air ha ing the atmosphere Vl‘il'zl(lme’ s s may b o ideret o
fallen many degrees below zero. Thus Wilson observed a di yli the tropical circl . fcow?rs would fomm conmdereb .
ference of nearly 9° between the temperature of the air and thyj d-the half of which i Ie? ; Wthh_ rated by e 0% e
of the ‘si“rfacle of thg SNOW 5 Scoresgy ;)n? Captain Parry hayg inder receives cach insza‘:l:y:ulnt‘;lmlgated o This,
observed analogous depressions in the Polar regions, when tlg ngle of its Projection, th e of which 1o 5 i

’ > the surface of which ; -

temperature of the air was more than 20° below zero.

If we now consider that the heating power which the strat
of air exerts by its contact with the thermometer of the grou
which is colder than it, is nearly the same, whether it be at

above zero or 10° below, it results that the cooling power whig inder or upon an
AT ‘ : ' ch extent 2
maintains this thermometer at —18° in the second case, has unity would only recejye for its shar: " itis evident
the same energy as the cooling power which maintains it at 1-7633 05
=293 e
K3

in the first case; and, as this cooling power depends on
temperature of space, it follows also that the temperatu
space is much lower than —18°; for if it were only —3
—40°, the thermometer which is at ~18° whilst the air
~—10° would be too near for the heat of space to be able to
it at the same depression below the air as the thermometer whi

is at +2° whilst the air is at 10°. What has perhaps hithgg Siecthaf, the quantity of hegt received it is

prevented our arriving at this conclusion, is that in the expj entimetre is Per minute and

nations which have been given of the nocturnal radiation, a pegg Be”

liar cooling power has been generally attributed to the u ntly the sum of the quantities of .

strata of the atmosphere, which are known to be very cold,{g Bat 4 o5 s of heat receiyeq Is

getting in some measure that, cold as they are, it is neverth combined effects of soa 6.

heat which they transmit, and that this heat is added to th §ed by a single inclosure, o f'pa f:;aa?ld of the sun may be re

space to augment. its effects. ) . 7 epresent by o the unknown teleum gmlsswe power; and
The results which I have obtained by means of the actin f producing the same off mperature of thig inclosure,

ter are therefore in accordance with all known facts ; it w ame quantity of he tects, or rather capable of trans-’

haps essential to make this remark, in order to show that,i ' B " we shall have <

a =B a’ o4 05 6,‘

consequences at which we shall arrive are in some point
trary to received opinions, this results from the nature of thi
rather than from the inaccuracy of the experiments.

22. Considering the equation (4.) as an equation of condif
which must always be satisfied for every value of the zenj
temperature given by experiment, I have been able to detery

and the night, g e Which we obserye qy.
dlng equation; nor d
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of equilibrium of diathermanous envelopes applying rigorous!

to the inclosure, whose unknown temperature we have just desig - The only experiments that I have yet been able to make permit
ermi

s to arrive how
vever at a certai i
n approximation ;. th ;
5 tey give

nated by . . ,
This temperature v must therefore be such that it may pro
duce on the surface of the earth, between the tropics, the mea

temperature of 27%5, which results from observation. But wel

have seen that the excess of temperature of the globe over the]

inclosure is always deduced from the formula
2—10

2=

or the tem
e o fgz;?t:;: :f fpace.z, and 1 do not think that this value
o, 05 the qon- i ruth; it corresponds to § = 0'9. Thusw
AT earth1ve resu{t of these researches, that the sun im?
e vonienh au?uant.lty of heat 1-7633 per minute and per
hot fom ety , fat vylth a clear sky the atmosphere absofbs
:absorbs nine-fentilsooftt}llll: h}:;it ;‘:Flt OC{ ljhat o opeces that it
o itte the ear
iy m‘[;;a;:;es :f s%ace at the present ﬁaeriod istl&;?({)et;;::
‘}idrtant part vvhicﬁrtclieyigggflva;tttengzz sy to the -
oty : ity of the absorbin ; '
ne rf; , ez:‘[ll(il a;gnes‘\;ermses on the whole of the tegrl?eos‘zr?:j opfht:t}f
it o quer;?tly to‘ the care necessary to determine
SRR n}:éth ;r this purpose doubtless other appa-
ited, by means of \:hisc}? fite’;ﬂ‘f{ Ht?enting it o soon in-
e ) . Ui be possible to sep:
)t’he at,mr:)ts’c)lllli gompl(.ex 'mﬂuences of the radiation E));rzzfa:; (
rogions ]O " tr;lc ridlatlo.n. If at the present time the dif-
A trane sky which pass successively to the zenith
that it s;mt equal quantities of heat, it is very pro-
2L perceiveyS ; e}?lillfs from th'e imperfection of our appa-
] group,’ng - tch 1ff'erer;mes In the nature, distance, num-
esibie a8 i s}tlars in .the depths of space, that it is
% which o at the portl.on of the heavens, incessant]
bn ; },lat " be;z Vz: .oye the horizon, resembles constantly ch
taphone, Wh., hand consequently it is impossible that all
1€t we can conceive in the celestial vault

at—t’

{ being the temperature of the globe, and # the temperature g
the inclosure. .
Now, here, the temperature of the globe being 27°5, and th

of the inclosure v, we must therefore have
o 2 -V
275 —v
a —2—=6"

If we take the value of a” which thence results, and substitute
in the preceding equation, and also for B its value 1146, we fi

2—b
t _ 1028 — f
of = 1235 57—z — 0489

And as the whole of the solar experiments gives b= 0-35,
arrive definitely at the equation .

, a’ = 1008 — 0'748.. b, (5]
in which the only unknown values are the temperature of s
¢ and the absorbing power &, which the atmosphere exer

upon the terrestrial heat. ‘
The greatest value of b gives the lower limit of the temperatj
of space; and since b cannot be greater than 1, the temperaj

of space cannot be lower than

— 175°.

For 3 = 0'3 we should find — 187, and for §, = 04 only —:
This lower limit once being found, it is easy to ascerta

the superior limit ; for it corresponds to the smallest value

it is possible to attribute to &: now the experiments of zen ;
temperature showing that & is necessarily greater than 08, i ¢.With the actinometer: the p '
“ * the progressive depression of th
e

sults that the temperature of space is less than
— 115°

To determine now the intermediate number, comprised§

tween these limits, which represents the true temperatug

nt period, numerous experiments will doul

ding to all latitudes and all heights.

in th i
! 0 ¢ d?ﬁzgéftorlaé zone that we must first seek to appre
ith crences, because they must d .
: ! oubtless
> more regular.and moré easy of observation ppenr there

ntains the mean te
e mperature ¢! of the .
ris, corres ) atmospheric co-
; f:f'oi'mu]’a O(;I)‘e?}o?smg tff ilaCh observation, andI::alculated
: ‘ e zenithal temperature ; .
y ; era y :
¢ remains alone unknown. perature in which this

space at the prese
- PART XIII.
G

be requisite, exten




82 M. POUILLET ON SOLAR HEAT,

RADIATION AND ABSORPTION. 83

Tadle of the Mean Temperatures of the Atmosphere which corre ~24. It seems to me stj]
spond to the observations of the Actinometer made during the

months of April, May and June.

1 necessary to indicate some of the
which result from these researches,

which space transmits in the course

ofa Year to the earth y
and to th : i
Temper. { Temper, fror, | Zenithal Meztfntﬁx:p- the preceding ob‘serVatio o .\e atmOsphere 18 dedgced from
Days. Hours. of | ofthe | Differ. | GEE | ofth £ 0S: 1t 1s easy to see that this .
e e {1 cat would be capable of welting upon our globe qltlantlty
From the 10th to the 11th of April. : lce of a stratum
April 10. | 7P evening, 102 gg (653 — gg ——ggg Food ¢ have seen ¢] 26 metres thickness.
9:9 : 9 | — 56 | —255 A €en that the quantity of sol .
9 96 20 74 | — 70 | —2T0 tratum of i y of solar heat is expressed b
10 ] 90 18 | 72| —72 | —275 | ice of Y a
11. 5 morning. 50 —gg gg —‘igg —gg 14 hi ’ ¢ . 31 metres.
5 30' 50 —38 0 =130 | —J0 g US; together, the earth rece; ;
6 55 —23 | 78 | 120 | —3% 'Sby a stratum of ice of FI7eS & quantity of heat represented
From the 14th to the 15th of April, ] 57 .
\ metres
April 14. | 7P evening. 8b 08 77 | — 60 | —26 the heat of space co . .
3 70 —05 75 | — 99 : ‘ neurs 1n this for a quantit ich i
9 58 | —16 | 74 | —108 éhs of the solar heat. E ¥ which is five-
15 ]2 30' mornin ?8 :%g 'lig :1}1g X .ﬁt{N’een the tropics, the heat of space 13 Only two-thirds of
1o & 1.0 —60 70 | —147 ‘ ar hgat; for the latter is there represented b t .
6 1-6 —52 68 | —137 Yy a stratum
From the 20th to the 21st of April. ] il . 39 metres,
. . w1 ' :
April 20. | 8h evening. 56 —08 6-3 — 88 o eX(?te ast%mshment doubtless that space, with its tem
lg gg :?,fg 26, :}(l); 4 ”éa:ess 0;1%2 below 0, can impart to the earth a quantit):
21. | 430 morning. 0?) _gg ;g _} gg h ‘Wé recesilveer Eble t};at 1t is nearly equal to the mean heat
5 0 - 4 L om the sun; these results a
. G . — 14 : o ear, at
5 80f 01 6:5 66 145 So contrary to the opinion which we form p(E)ithe,r f frst
From the 5th to the 6th of May. g'space or of the power of the sun, that we, shal bO the
, 5 evening, | 2550 199 | 56 129 1sposed : 2 € per-
May 5. :é evening 22?0 ]!79'5 o + o p tOtrffi%Z;‘ld thenr(; as n}xladmlsmble. However, we
7 2310 150 | 81 49 regard to the earth, the sun ;
8 229 139 | 90 2:6 _ Ve-mllhont‘hs of the celestial vault, and, that it m?;;(;u?les
9 21°5 125 1 90 1-4 ently transmit 200,000 times more heat t con-
10 175 10 75 06 eat to produce the same
6. 4 morning. 121 5 71 —39 b :
4 30 121 b °1 —39 t.
s 15 o '(73-0 v g t}el Phanomena undey another point of view
) 3 on the contrary, to suppose that in these val
From the 23rd to the 24th of June. - ithe power of the sun is much exaggerated ; for i valua-
June 23. g“ evening. ?g'g i%g ?g +%2 ures instead of examinging :he, q?]rfullfti‘ge ex;‘
. . . - . g es o
9 176 1077 69 N ji:'ll':'}llve at t,hls result :—
10 163 9-2 71 03 At the sun’s action were not felt
24 | 4 moming. | 113 53 | 60 | —22 ture of the surface of the 1 upon our globe, the
4 30 115 56 | 59 | —18 nd at ground would throughout be

; —89°,
ce the mean temperature of the equator is 27°

G 2

‘5, we
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the tem-
must conclude that the presence of the sun augments
' the equatorial zone by ¢ 1 1 4 )
perature o‘f 4 116%5. =8 Permits the solution of several difficulties which are stil] pre-
. , the mean temperature of the atmospheric sented by the most fundamental _principles of radiant heat,—
In the same manner, the mea ‘ the principle of the equality of temperature and of the
column would be at the equator equality of the emissive powers of two surfaces which do not
. —149°, o, thus. ¢ reflect ; the Ia“'r of the cosinus; and the law of emisgion, con-
Th eding formulee show that it is about —107; thus, tered in relation to the constant which the calculation gives,
e prec . b

. : the sun increases by
intermittent presence of

and which is added to the function of temperature.
139°
ower.—1t may be admitted as evident, that two equal surfaces
i ined in considering {
ich M. Poisson obtained in ¢ g’ . !
much exceeds that whic al ‘temperatures ; for, all being identical, the quantities of
introduce in a mg ‘ ) .
iect mammen nto ch ol th e ave the same temperature, we have ¢ = ¢, the equilibrum ig
To extend these calculations to other regions, we must e inclosure-:'n(,w’ pendent ¢ She dimensions of e g
ind concur 1o xai ¢ same quantity of heat ; it results, consequently, that at an
ise that the effects of the win ; '
easy to recognise
he t ature of the equatorial zone osure seen at the same angle; this tends to prove that the
i i ; er:
tropical circles; the temp
The object of this extract is especially to give an idea o osition that it oseupien
ici hilosophers partig ike it, a complete absorbing power, the loss of the globe
i tricians and natural p
the attention of geome
1 d nw; and the sole condition required for the equilibrium
subsequent researches, simultaneously undertaken on

" Principle of the equality of temperature and of the equality
Fthe eatire atmosphere in the torrid zone of the emissive powers of two surfaces which have ng reflective
temperature of the entire . g ¢ 1 jua
e me{;n f,eofpthe sun to augment the terrestrial temperatur fthe same matter, both POSSEssINg a maximum emissive power,
This effec o sk mit equal quantities of heat in the same time, when they have
2
- ifferent depths beneath the surfacy . g id
variations of temperature at dlﬁ:c:)rme thglt the two methods eat emitted must be themselves identical, :
of the ground; but it appears hus; for-this particular case, if the globe and the inclosure
: he atmosphe ) €
direct manner, into the formulz, the influence of the P : > and we have at the same time 4 < sin? .
which is so considerable. result is independent of the dimensions of the globe and
: f the ground lways th tity of heat in th time, it
. of the temperature of the gre g always the same quantity of heat in the same time, it re-
oto e i}lle ﬁxi(i::‘sgzeincreases; but, by approxunation jults that all the inclosures, large or small, transmit to the globe
proportion as the . : A
e ing more or les rtion of a given Inclosure, seen from the centre of the globe
temperature of the polar regions, ?y g)v{;?“%en the polar aiia certain angle, we may always substitute a portion of another
temperatures of the regions comprise ! I
perature of the globe is equal to that of the inclosure, not
appears little lowered by this cause. when it is at the centre of that inclosure, but whatever be
; 'hich s the globe is not of th bst the incl
. . experimental methods which s ' now the globe is not o e same substance as the inc osure,
theoretical prmfmt}l)ll.e 52 nflstggaﬁfn 1 may be allowed to ing D2 word, it ceases to be identical with 1t, without ceasing to
as the basis of this inve . T e
4 . mbers whil hen be e, s ; the portion of heat-which it receives from the
larly to these two points: \\'xthhrespeflltl tl?a\tzet: ube modifigliiglosure and which it absorbs will always be the same, namely,
my experiments, they wi : '
result from my exp . he ike manner be, that the quantities of heat lost and ab-
oints of the globe, will be necessary to give them all the d may be equal, which gives again
P : ~
cision which they require.

Nork 1.
- The mode of demonstration which I have used in this article

e 8= ¢s sin? o,

e =ée;

8ay, even in this case it is necessary for the equili-
1at the unity of the surface of the globe loses in the
e as much heat as the unity of the surface of the in-
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face as t i

e a2 w};ectﬁilf?rfhof a hemisphere whose radius is equal to unit
o e call e th }? total quantity of heat emitted by this elemegz
fua diections, e quantity of heat emitted on a single el
of isphere, which is at an angular distancegw frofnm:}?t
e

normal, is expressed by

It remains to examine whether, to undergo this loss, the globe
must still have the temperature of the inclosure : NOW, if it must
have, for example, a higher temperature, this excess being ind
pendent of its dimensions, it would be necessary that it should
reserve it when it had ~ufficient volume to fill the inclosure
whence it follows that there might be a permanent difference-o

o bodies which touch,

temperature between tw
ar to one another, a thing that is contr:

—Cos o,
w

ary to all ex ya;(}sgoior};e_quently proportional to the cosinus of the angl
, this angle being reckoned to begin from the norngmel o

are very ne
periments.
Thus, two equal surfaces, possessing a complete absorbing It is easy, starting from this value, t
1 g N rol 0 re- 3 .
ithe primitive expression e sin? w. ’ ascend by integration

power, always emit equal quantities of heat when they are. at: the,
same temperature, whatever be the difference of matter . or pre

perty between them.

"1t is evident that, in this case, the pri
temperature, at equilibrium, capnot be
and that it results only frora the gener

eriment. .
But the second principle, that of the equality of the €
f the same temperature, W

sive powers of any two surfaces 0
do not reflect, is immediately deduced from the first ; it is upe

this point that some uncertainty remained*.
Law of the Cosinus.—The law of the cosinus, which appears}
leave a doubt on the mind of some natural philosopherst, 1s algg
deduced in a very simple manner from the same consideratio
Since for the equilibrium we have always e=¢ and 6=
where the globe and the inclosure have complete absorbi
powers, and since each unity of surface of the inclosure trag
mits to the globe a quantity of heat expressed by e sin? w, w beils
the angle of emission, that is to say, the angle of the extrels
rays with the normal on the surface, it is evident that, f

angle o a little larger than w, the quantity of heat would b
e sin? o'
whence it follows that the quantity
comprised between o and o is

e (sin® o' — sin? w) 3
(cos® w— cos '), the quanf
g unity of surface is therg

his' demonstration is

1 atlor erhaps- :

.yzh;c_l:l has been given by I\;IJ. Foﬂie;?ko-reit %gletgegziry o hat

. b

ni_lﬂer:txollll relative to the temperature, and api)l;ir:els)sose i
n,:;w};) i ghais ts}rlr;lft)e‘:aetlilres ; bit 18 degduced from a single f:grti(si?-
a0, W] s we have 6 = sin®w, and, as the ity of
Zrﬁz(;ltli It;he glgﬁ)e receives from the inclosure is ir?&aa;)netxlltgzagf
pisthe 0 stric% f%l;‘ thz 2ggim§lof the globe itself, we see that it is
B ulbrium, of heating or cooling than for the case
onstant of Emission.—After having found the relation

nciple of the equalit,
demonstrated & pr
al indications of

’
mea + constant,

[::Dulong and Petit remark ( 1
i Dulor : page 74) that
%tzigéaﬁlgﬁ 02 tll)l'i ‘1nclosure, and that,> the o;};girlrfp;f? i‘ﬁtieﬁie
s be ng'l iclil itrary, we may assume it so that the constan;
De - which would reduce the expression to m a’.
§mg ere x ofT}les some difficulty upon this point; for, in
e  the 0 of e tglermometrlc scale so that ¢ may’be e,ual
@ i :rmbm null, and the constant remains, so th(illt it
{moreove;l)‘p tag‘ y ?dmlttmg that it must have a negative
in of the terilpe:atxz':se- oif; grrlxli(:fizilsj e e the
e ; s in proporti
5 nuﬁliﬁ; d;lI;id as the temperatures arg rgplx:zlsoé:ltzz tl})le
numbars, 8 d{'ec.lprocally; in short, the value of m i}s,
by a temperature.than by 4 quantity of s, S nese
3 1t is difficult to conceive how 1:h1 Y otal vadistion of e
i 1o diffiealt e total radiation of the
los}t . gaingl(fssed by a temperature or by a number of
another side, M. Poisson t, on compari fons
’h;spzl;ﬁved and those of the lgsglgf'g czl:)eligg?f{olr\lffsl\?
-and Petl b preserves the constants in the first functi :
presses them in those of the law of cooling, whichoil:,

5

of heat emitted in the

the surface of this zone being 27
heat emitted from the correspondin

e
5 (cos @ + cos o),

or
e
— cos w,
T
supposing that the difference is very s
That is to say, if we consider the e

mall between o and &

lement of a radiati 4 o
:dnnales de Chimie et de Physique, tom. iv. p. 135

« M. Poisson, Theorie de lu Chaleur, p. 42. Théorie de la Chaleur, p. 42.
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~Let p be the weight of this globe, ¢ its capacity for heat;
or a loss of heat pc, it loses in temperature 1°; and, for the

loss expressed above, it loses in temperature a number of de-
. grees expressed by

it] -are different in the two cases;
ts to the snpposition that they are differe ° &
{)(1311;: ?t mlist bepxgemarked that all the experiments which caén l;_e
made being relative to changes of heat in which these constants
are destroyed, no observation can ever give their valufg. L
There remains therefore respecting this constant o egnsflon
a theoretical difficulty the more serious, because upon it alone
depends the impossibility of considering the absolute em}slilm;
and of assigning a value to the real and total quantities of heat
which are emitted by the radiating surfaces. It appears t(? r;xhe,
however, that this difficulty is not 1n%alilablelof1 sgl)\:l’u.ori)t.can?
stant in question is only a product of the calculation ;
;%2 represer?t any mechanical condition IIIIOI‘ any physical phe
enon, and its value must be null in all cases. :
noIrr;let us in fact suppose that e, or the total quantity of thez;f
emitted by the unity of surface of a body during the umty
‘time, be represented by the known function of the temperature
? g
plus a constant, so that we have é
e= B.f.aH' + C,
and let us determine the laws of cooling, by supposing that

inclosure has a complete absorbing gogvell';’ whilst the globe,h‘t
bsorbing power represented by &' ]
on%:e%nge{)e the t%n}:perature of the inclosure, ¢ the quant'l:y ;
heat which it emits from the unity of surface in th;: hunt )i
time, and 1 its emissive power : the total quantity of heat log

by the globe will be

uch is the rapidity of cooling.

_For this result to coincide with that of MM. Duleng and
etit, we must have
, B

m=S—andC=O.
pe

ow MM. Dulong and Petit having submitted to experiment

silvered thermometer in a blackened inclosure, and the perfect

ceuracy of the law of cooling having been thus verified in the
nost exact manner, we see that the constant of emission is ne-

Ecessarily equal to zero in this particular case, and consequently
s always null in all possible cases. :

We must therefore, without exception, employ the formula

e=B.fd,

east throughout the extent of the scale for which the law of
ooling is demonstrated. The constant B is, as I have said, an
ariable constant, the numerical value of which depends on the
nities of surface and of time which we select and on the point
hence we reckon the temperatures, whilst the numerical value
.depends on the number of degrees or divisions which we
blish between the two fixed points which serve as a base to
c o . i ermometric scale. 1If, for example, we raised the zero of
¢ sin®w; ity ale 100°, preserving for the degree the magnitude which it
the globe only absorbs a portion ¥/, consequently a quantity ctually in the centigrade scale, a would remain equal to
' ¥ ¢ sin w, _ i 07_71, and the valu};: of 313 would have to be multiplied bly a}lloo.
soh i i m the entig 1th respect to the radiating power £, we may remark that
and it absorbs together of that which it receives fro 3 hermfnous substances, i%s galue é}ly depezds absolutelj;
inclosure, ipon’ the state of the surface, and appears to be comprised be-
tyeen 5 and 1 for all known surfaces: but, in diathermanous
ances, /" depends both upon the state of the surface and
various other properties of these substances. It will now
-essential point for the theory of heat to determine what are
roperties which may modify the value of £, and the part of
fluence which pertains to each of them in these variations.

es; 5

i i ' ity of surface of the.ing

he quantity of heat emitted from the unity 3 )
zlssxcllre beigg ¢, the portion which reaches the globe is alwg

g dsintw=st¢;
its definitive loss is therefore
es—sbé.

‘But if we have ,

e=Bf.dd T+ C, ¢=B.d+C,
this loss of heat becomes

sBf(@T'—d) +sCQU—1) |

because the radiating. power f of the globe is cqualvvto its:aly
sorbing power &', : E -

Nore II.

e made a great number of experiments with the actino-
Xposing it perpendicularly to the solar rays at different
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hours of the day : its central thermomgter then a:su;r(l)gsa(i;);;sgd&f- 1
i ; it often rises to
able elevations of temperature; it n )
1 t sometimes even ros
t temperature towards noon, and I : '
tacr)n Sl))(l)%nthe telr)nperature of the air being 2%0, tWhllfh gw«;sﬂa;I; if
jon : i ts only to show, o
ation of 63°. I point out these resu
;Ilarig, that the a]gtinometer mlgglt be gradl'latei EZS‘;};:S I;)f(‘rilﬁe |
i ‘desl roxima
liometer, if we only desired to have app M
S ther hand, that thermome
solar heat; and to show, on the of , th et e
the dispositions give
sed to the sun may, according to :
:ﬁgx?l,etake any required e,xcess above the temperature of thg

from 3° or 4° up to 63° or 64°.
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ArTIOLE 1V,

On the Structure of the Vegetable Cell. By Huco Monur.
[Frbm the Botanische Zeitung, April 12th, 19th, 26th; May 3rq, 10th*.]

N my phytotomical researches I have frequently met with iso- -
lated appearances which were not exactly opposed to the views
1 had previously advanced, that the septa of cells and vessels
consist of two membranes overlying each other,—a primary,
external and imperforate, and a secondary generally pierced
with apertures,—but which pheenomena I did not know how-
to*connect with others previously known to me. An eva-

at the time made a considerable impression on me, referred
particularly to this point. Some years ago, when examining
fresh Jungermannia under water, I observed in a cell of one
the leaves, that the chlorophylle granules did not Jie upon
he wall of the cell, as is usually the case in the Jungermannice,
ind also occurs in other cells of leaves, but were united, in the
dle of the cell, into a globular mass which suddenly expanded,
assumed the form of a thin membranous cell inclosing the chloro-
ylle granules, and quickly increasing in size, after a few seconds
lled the whole space of the leaf-cell, and then could no longer
distinguished from the primary wall, to which it closely ap-
d itself. In this appearance, at first unintelligible to e, a
uliar condition of structure presented itself, a more accurate

it when Kutzing recently made known that the elementary
groans of the Algee consist of cells inclosed one within another,
ich view he has since set forth more distinctly and illus-
by beautiful drawings in his ¢ Phycologia generalis ” when
ghini, with whom I discussed this view, told me that he
dmitted the existence of an inner cell in Zygnema, and
igt advanced a theory of the mode of development of cel-
membrane diametrically opposed to mine, I found myself
pon to submit the cell-wall structure to further ob-

‘. raﬁslated by Arthur Henfrey, M.R.C. 8., F.L.S.
eitrdge sur Entwicklungsgeschichie der DPfianzen. 1843,




