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ether were shaken up together and poured out into a small
porcelain dish ; the surfoce was dusted with lycopodium, and
the ether-sponge presented 1o it there was no action; the powder
was not di!ﬂplli('l‘{‘ or disturbed. The solution of cther was then
boiled and filteved, and, when eold, the surface was again dusted
with the powder,  The cther-sponge now produced a repulsion
of the powder, not so deerdedly as with plain water, but still a
good repulsion,

The solution of ether was also made to carry an oil-film. A
drop of varnish formed an exquisite series of colourcd rings,
and the cther-sponge also displayed some very beautiful rings;
hut after a minute or two, when the adhesion between the solu-
tion and the film was complete, the ether-sponge was power-
less.

It may also be mentioned that a vapour acts differently on
the film according as 1t has a greater attraction for the water or
for the film, 1 1t has o strong attraction for the water, 1t will thin
out and disperse the film. I its altraction is strong for the film,
1t will gather 1t up, thicken ity and deprive it of colour., Thus
with a film of o1l of lavender the ether scatters and disperses,
while the benzole sponge thickens and attracts; in fact the
benzole vapour condenses into little dises, which unite with
the film. So also if a drop of oil of peppermint be placed on
water, 1t spreads out into a honeycombed film displaying colour.
If the ether-sponge be presented, the vapour pours down in a
cataract and powerfully displaces the film (a very common effect
of cther-vapour on films of the essential oils); whereas, if the
turpentine sponge be held over it, the seattered parts of the
film sl up to 1t, gather themselves together, and form & num-
ber of thickening lenticules.

I do mot hke to imtrude further on your patience at present.
Should this Tetter not. disuppoint the mterest you have kindly
expressed m this inquiry, 1 will trouble you with a second, and
in the mean time subscribe wyself,

Your attached friend,

CrARLES ToMLINSON.
King's College, London, *
June 22, 1861.

-
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XVIIL On the Reduction of Observalions of Underground T
peratwee; awith Application to Professor Forbes’s Edinburgh
Observations, and the continued Calton Hill Series, By P'ro-
fessor WinLiam TroMson, F.R.S.

[ Concluded from p. 34.]

17. APPLI CATION to Thirteen Years’ Observations (1842-54)

at the Thermometric Station, Calton Hill.—The observa-
tions on thermometers fixed by Professor Forbes at the different
depths In the rock of Calton Hill, have been regularly continued
weekly till the present time by the staff of the Royal Edinburgh
Observatory, and regularly corrected to reduce to true tempera-
tures of the bulbs, on the same system as before. Tables of these
corrected vbservations, for the twelve years 1842 to 1854 inclu-
sive, having been supplied to me through the kindness of Professor
Piazzi Smyth, I have had the first five terms of the harmonic
expression for each year determined in the following manner*:—
In the first place, the observations were laid down graphically,
and an imterpolating curve drawn through the points, accordin o {0
the method of Professor FPorbes.  The four eneves thus obtained
represent. the history of the varying tempernture, at the four dif-
ferent depths vespeetively, as completely and necurately as 1t enn
be infereed from the weekly obscervations. The spree correspond-
mg to cuch year was then divided into thirty-two cqual parts
(the first point of division heing taken at the begining of the
year), and the corresponding temperaturcs were taken from the
curve. The coeficients of the double harmonic series (cosines
and sines) for each year were ealculated from these data, with
the aid of the forms given by Mr. Archibald Smith, and pub-
lished by the Board of Admiralty, for deducing the harmonic
expression of the error of a ship’s compass from observations on

the thirty-two points. The general form of the harmonic cXpres-
sion being written thus—

V=Ay+ A cos 2mt-|- By sin 2t -+ A, cos Aml -+ B, sin At o &e,

where V denotes the varying tenmperature to be expressed, and ¢

the time, m terms of a ycur un unit.  The following Table shows

the results which were obtuined, with the exception of the values
Of Aﬁ P

* The operations here described, involving, as may be conceived, no
small amount of labour, were performed by Mr. D. M*Farlane, my labora-

tory assistant, and Mr. J. D). Everett, now Professor of Mathematics and
Natural Philosophy in King’s College, Windsor, N.S.

o
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conductions, the difference betwe
funetion of five ternn for my one
Lemperitdre Chers ad corresponding time of enel
e the veal Lmporniire conme
of waperiein] tomperature,

proceding Table afford the
Lest the theory explained above for sim
nnd to estimate the conductivity of the soil or rock
now to do ; and sccondly, as I may attempt on a future

to cxpress analytically the residual variations which depend on
the inequalities of climate from year

mathematical theory of conduction to
of mternal temperature so expressed.

functions corresponding to the mean coefficients of the precedin
Table; nud in the fiest plnee, let us reduce the double
series i ench ense to werien in ench of whic
sents the resultant wimplo hurnsonie
which 1t corresponds, i the mnnn

and formula of § 8 ubove,
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The values which were found for Ay should represent the
unnusl mean temperatures, They differ slightly from the an-
nunl means shown in the Royal Observatory Report, which, de-
vl uw they are from a direct summation of all the weekly
obwervations, must be more aceurate. The variations, and the
Hunl nverage values of these annual means, present topics for
investigation of the highest interest and umportance, as I have
vemarked elsewhere (see British Association’s Report, Section A,
Ulasgow, 1855); but as they do not belong to the special sub-

Jeet of the present paper, their consideration must be deferred
to a future occasion.

18. Theoretical Discussion.—The mean value of the coefficients

in the last line of the Table being obtained from so considerable
a number of years, can be but very little influenced by irregus.
larities from year to year, and must therefore corrcspond to har-

monic functions for the different depths, which would express
truly periodic variations of internal temipera

u continued periodical variation of temperature at the surface.

ture consequent upon,

1), According to the principle of the superposition of thermal
en this continuous harmonie
of the depths, and the actual

yenr, would
nent, Hpon u certain real varintion

Heneo the coeflicients shown in the
data, first by their mean values, to
ple harmonie variations,
» 83 1 propose
occasion,

to year, and to apply the
the non-periodic variations

20. Let ws accordingly now counsider the complex harmonic

2)

harmonic
h wningle term repre-
variation of the period to
r shown by the proposition

21. On looking to the nnuunl and semiannual terms of the

series so found, we see thut their atmplitudes diminish, and thejp

cpochs of maximum uu‘imuut, with considerable regularit
the less to the greater ¢

the annual terms, the logarithmic rate of diminution

plitudes, and the rate of retardation of the epoch between the
points of observation in order of depth : —

y {rom
cpths,  The following Table shows, for

of the am-
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Tasre 1V.—Avernage of Thirteen Years, 1842 to 1854; Trap
Rock of Calton Hhll,

Diningition of Nau ylnﬂau Retardation of epﬁchin ;;
Deprthn hetuw s lue, Igarithin uf wmphitude, | ohpeplar measare, per
1) Ff’l?lﬂ’h fest, Pl Fﬂ*ﬂﬁ’ii ';Hlit- of do- Freneh foot of descent.
neidit,
A to O feet 14 I‘{} 1233
g1 111G ‘] 149
12 10 24, 1121 1145
3 to 24 ,, 1160 1156

99. The numbers here shown would all be the same if the
conditions of uniformity supposed in the theoretical solution
were fulfilled.  Althongh, as . the previous comparisons, the
agreement is on the whole better than might have been expected,
there ure certninly greater differences than can be attributed to
crrors of observation. Thus the means of the numbers m the two
colurns are for the three different intervals of depth in order as
follows :— Mean deductions from

’ | amplitude and epoch.
3to Gfeet . . . . o 127
6to12 ,, . . . . . ‘115
12to 24 ,, . . . . . 113

numbers which seem to indieate an mscntial_ tendency to dimi-
nish at the greater depths. This tendeney s shown very deci-
dedly in each column separntely ; and it also khown cach of
the corvexponding columnn, 1 tables given ubove, of }'tfteults de-
vived from Professor Forbes’s own series of aoperiod of five years.

23, "There enan be no doubt that this diserepunee 1s not attri-
butable to errors of observation, and it must therefore be owing
to deviation in the natural civeumstances from those assumed for
the foundation of the mathematical formula. }n re_ahty,f, none
of the conditions assumed in Fourier’s solution is rigoronsly ful-
filled in the natural problem ; and 1t becomes a most interesting
subject for investigation to discover to what :partlcular violation
or violations of these cohditions the remarkable and systematic
Jifference discovered between the deductions from the formula
and the results of observation is due. In the first place, the
formnla is strictly applicable only to periodic variations, and the
natural varintions of temperature are very far from bemg pre-
cisely periodie; but af we take the average annual varation
t,ln'(mg‘

s n sufficiently great number of years, it may be fairly
presumed that ieregularitios from year to year will be climinated :
and that the discrepance we have now to explain does not de-
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pend on residual inegualities of this kind seems cevtain, from
the faet that it exists m the average of Professor Forbes’s first
five yours' weries no less decidedly than in that of the period of
thirteon years following.

21 For she true explanation we must therefore look either to
iequalitics (formal or physical) in the surface at the locality,
or to mequalities of physical character of the rock below. It
may be remarked, in the first place, that if the rates of diminu-
tion of logarithmic amplitude and of retardation of epoch, while
less, as they both are, at the greater depths, remained exactly
equal to one another, the conductivity must obviously be greater,
and the specific heat less in the same proportion iversely, at
the greater depths. For in that case, all that would be neces-
sary to reconcile the results of observation with Fourier’s formula,
would be to alter the scalc of measurement of depths so as to
give a nominally constant rate of diminution of the logarithmic
amplitude and of the retardation of epoch; and the physical
explanation would be, that thicker strata at the greater depths,
and thinner strata at the less depths (all of equal horizontal
aren), have all equal conducting powers and equal thermal capa-
cilionk,

20. Now in reality, n portion, hnt. only n portion, of the dis-
crepanee mny he done away with e this manner; for while the
logurithiie amplitudes and the epochs ench experience a some-
what diminished rate of varation per French foot of descent at
the greater depths, this diminution 1s much greater for the for-
mer than for the latter; so that, although the mean rates per
foot on the whole 21 feet arc as nearly as possible equal for the
two (being *1160 for the logarithmic amplitudes, and *1156 for
the epoch), the rate of variation of the logarithmic amplitude
exceeds that of the epoch by about 6 per cent. on the average of
the stratum of 3 to 6 feet; and falls short of 1t by somewhat
more than 2 per cent. 1n the lower stratum, 12 to 24 feet. To
find how much of the diserepance is to be explained by the varia-
tion of conductivity and specific heat 1n nverse proportion to
one another at the different depths, we may take the mean of the

¥ The “conducting power™ of w wolul plate ix an expression of great
convenience,” which I deflue nx the guantity of heat which it conduets per
unit of time when its two surfiuces nre perinunently maintained at tempera-
tures differing by unity. In terms of this definition, the specifiec conduc-
tivity of a substance may be defined as the conducting power per unit area

of a plate of unit thickness. T'he conducting power of a plate is ealeunlated
by multiplying the numboer which measures the specific conductivity of its
substance by its area, and dividing by 1ts thickness.

The thermal capacity of a body may be defined as the quantity of heat
required to raise its mass a unit (or one degree) of temperature. The
specific heat of a substance is the thermal capacity of a unit quantity of it,
which may be either a unit of wetght or a unit of bulk,
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rates of variation of logarithmic amplitude and of epoch at each
depth, and alter tha seale of longitudinal reckoning downwards,
50 a8 to reduce the numoerien! mensures of these rates to equality.
This, however, wo shall not do in cither the five years® or the
thirteen yenrs’ term, which we have hitherto considered -sepa-
rately, but for n hurmonie aunual variation representing the
average of the whole eighteen years 1837 to 18564, a

20. By tuking for each depth the cocficients A,, B, (not ex-
plicitly shown ubave), derived froin the first five years’ average,
and multiplying by 6; taking similarly the coefficients A, B,
for tho miceeeding thirteen years” average, and multiplying by
18; adding cuch of the former products to the corresponding
ono of the latter, and dividing by 18; we obtain, as'the proper
avorage for the whole eighteen years, the values shown in the
following Tuble, in the columns headed A, B,. The amplitudes
and cpochs shown in the next columns are deduced from these
by the formulie +'(A*+ B*) and tan '% respectively :—

|
TanLe V.—Annual Harmonic Variation of Temperature m

Calton Hill, from 1837 to 1844 inclusive.

Depths,  |in &egrfga Falir. | in degrees Fabr.|in degrees Fabz,| degrees and
! A | —— .
0 O L+ 2 i
3 feet — 5184 —4-989 7'1949 223 H4
6 , — 2080 —4-416 48812 244 47
12 + 5961 — 2'334b 24004 284 19
2 + 0311 4+ 0306 6319 | 362 47

From these, as hefore, for ten termn of five years and of thir-

teen years separately, we deducee the following @ —

TasLe VI.—Average of Bightcen Years, 1837 to 1844:; Trap
Rock of Calton Hall,

ot |

of loge.

rithmie amplitude, in ¢redlar measure,
per French foot of per French foot of

- deacent. | descent.

, 3to 6 feet _ 1215 i
6to12 ,, *1150
12t0 24 , - 1141 ,

27. Hence we have as final means, of effects on logarithme
amplitudes and on opochs, for the average sunual variation on

the whole period of cighteen years,—
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1. From depth 3 feet to 6 feet. . . 1250
2, 6 ,, 12 , . . . -1163
8, 12, 24, . . . +1128

I now, in aceordance with the proposed plan, we measure depths,
not in constant units of length, but in terms of thicknesses corre-
sponding to equal conducting powers and thermal capacities,
nnd il we continue to designate the thickness of the first stratum
by its number 3 of French feet, our reckoning for the positions
of the different thermometers will stand as follows :—

TasrLe VII.
Thermometers | Depths in true Depths in terms of conductive
bered French fect :
dE:rnmwtrds. belo?v N{E 1. cquivalents.
1. 0 0
| A 3 | 3
111 9 | 3 29_3 ' 6 =8
T1g50 < 0 =898
v, 2] 8584128 o 19_19-41
T 1250 X )

FrPpe—— . .

Avoording to this way of veckoning depths, we huve the follow.
tng vten of variation of the logerithmic amplitudes, and of the

epochn unpm‘nl.nlr, redueed from the previously stated means for
the whole period of cighteen years ;:—

TasrLe VIII.

‘ Rﬁea of ?ﬁmi.““ﬁ““ Rate of retardation
| of logarithmic am-
Portiona of rock, iplitu%edper grentgh fﬂ{f uﬁtpgﬁl‘li E:; m!;
oot, an ti yit |
equiv:.ﬂarlllt:f ™| equivalents,
Between thermometers Nos. I. and II.“ 1286 1215
| ' " I1. and 111 1265 1236
" " I1l. and 1V. - 1236 *1264
Betwoen 'lhnrmmtltttm'u Nos, |, and 1V, 1202 *1248

""" . Ir. Ml

B e T TR o L il

28. Comparing this Table with the preceding Table VI, we
see, that the disercpancien nre very much diminished ; and we
cannot doubt that the conductive power of the rock is less in
the lower parts of the rock, and that the amount of the varia-
tion 18 approximately !’(Tl‘tmmltud by Table VII. We have, how-
cver, in Table VI1I. atill too great discrepancies to allow us to
consider variation in the value of k¢ as the only appreciable de-
viation from Fourier’s conditions of uniformity.

29. In endeavouring to find whether these residual discres
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pancies are owing to vavintions ol £ aud ¢ not 1 1nverse propor-
tion one to the other, I have taken Fourler’s equation

ey / (d? + dk v
' e Py ‘ i s
ot ot de dd
where # denotes the temperature al time ¢, and at a distance
feom an isothiermal plane of reference (n horizontal plane through
thermometer No. 1., for instanee) ; & the conduetivity, varying

with o and e the eapacity for heat of 8 unit of volume, winch
wy also vary with 2. In this equation I have taken

v=ae~ L cos (g,—;—f- ——Q),

where P and Q are functions of x, assumed s0 as to express, as

{

nearly ns may be, the logarithmic amplitudes, and the epochs,

deduced from observation, 1 have thus obtained two equations
of condition, from which [ have determimed £ and ¢, as functions
of . The problem of tinding what must be the conductivity
and the speeilic heat at different depths below the surface, in
order that, with all the other conditions of umformity pe.rfecjzly
fulfilled, the annual harmonic variation may be exactly that which
we have found on the average of the eighteen years’ term. at
Calton Hill, is thus solved.  The result is, however, far from
satisfactory. The small variations in the values of P and Q
which we have found in the representation of the observed tem-
peratures require very large and seemingly unnatural variations
in the values of £ and e,

A . . . .
30. T ean only mfer that the residual diserepancies from Foa-

eier’s formula shown in Table VITL wre ot with any probability

atteibilable to virintions of conduetivity nnd speeilie heat in the
roek, and conelude that they ave o be explained by ieregualarities,
physieal wind formal, in the suefuce. 1t 19 possible, indeed, that
thermometric ervors may have considerable influence, since there
is nceessarily some uncertainty in the corrections estimated for

the temperatures of the different po}tions of the columns of liquid -

above the bulbs; and before putting much confidence in the dis-
crepancies we have found as true expressions of the deviations
in the natural circamstances from Fourier’s conditions, a careful
estimate of the probable or possible amount of error in the ob-
served temperatures should be made. That even with perfect
duta of observation as great discrepancies should still be found
in finnl reductions such as we have made, need not be unexpected
when we consider the nature of the locality, which 1s deseribed
by Professor Forbes in the following terms :—

The position chosen for placing the thermometer was below

the surface “in the Obscrvatory enclosure on the Calton Hill, at
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n height of 850 fect above the sea. The rock is a porphyritic
trap, with a somewhnt carthy basis, dull and tough fracture.
The eeact povition is a fev: yards east of the little transit house.
There wve also uther buildings in the neighbourhood. The ground
vinen lightly to the east, and falls abruptly to the west ai a di-
elance of fifteen yards, The immediate surface is flat, partly
coveccd with grass, partly with gravel*.” |

| have marked by italies those passages which deseribé circum-
stances such as it appears to me might account for the discre-
pancies in guestion. o

31. Application to Semiannual Harmonic Terms.—The har-
monic expressions given above (§ 15) for the average periodic
variations for the three stations of Professor Forbes’s original
keries of five years’ observations, contain semiannual terms
which are obviously not in accordance with theory. The retar-
dations of epochs and the diminufions of amplitudes are, on the
whole, too irregular to be reconcileable by any supposition as
to the conductivities and specific heat of the soils and rocks
volved, or as to the possible cffects of irregularity of surface ;
wid e two of the theee stations the amplitude of the semi-
mininl terin in actanlly grenter an found for the six-feet deep
thin for the theeo-foet deep thermonmeter, whiel i clenely an -
bl venalt, e enreful numner in whieh the obacevations
mye Doen e wmid corveeted weems to preclude the supposition
thut thens dinere pancies, espeetally for the three-feet and six-feet
thermameters, for which the amplitudes of the semiannual
Lerms are from *28° to *7:4° (corresponding to variations of double
those amounts, or from -56° to 1°48), can be attributed to
crrovs 1n the data. It must be concluded, therefore, that the
semiannual terms of those expressions do not represent any
truly periodic elements of variation, and that they rather depend
on trregulurities of temperature in the individual years of the
term of observation,  Hence, until methods for investigating the
conduction imwards of non-periodie varintions of temperature are
apphied, we enmol cowader that the speeind features of the pro-
gress ol tenspernture during the five yeaes' period o the three
stations, from which our appirent seminnnual terms have been
derived, have been theoretically nnalysed.  But, as we have scen,
every irregulavity depending on individual years is perfectly
climinated when the nvernge unnual variation over a sufficiently
great number of years is taken. IHencee it becomes interesting
to examine particulurl_y the scnnannual terms for the eighteen

years’ average of the Calton Il thermometers, which we now
proceed to do.

* Professor Forbes “ On the Temperature of -the Earth,” Trans. Roy.
Soc. Edinb. 1846, p. 194.

Plil. Mag. S. 4. Vol. 22, No. 145, Aug, 1861. K
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82. Calculating us shove (§ 26), for the coefficients A,, By,
the average valuos of Ay and B, from Professor Forbes’s results
for his first five yeurs’ term, and from the averages for the next
thirteen years shown in Table ITI. above, we find the values of A,
and B, shown in the following Table. 'The amplitudes and
epochs are deduced as usual by the formule #/(Ag?+Bg") and

tan ! }:". These reductions I only make for the three-feet deep

and the six-feet deep thermometers, since, for the two others, as
may bhe judged by looking at the thirteen years’ average shown
in the former Table, the amounts of the semiannual variation
do not exceed the probable errorsin the data of observation sufli-
ciently to allow us to draw any reliable conclusions from theiw
upparent values.

Tapre 1X.—Average Semiannual Harmonic Term, from
Fightcen Years’ Observations at Calton Hill.

Y T E— s el W . g g - o L T —_— - v EE ey vl

!

—r
I

Dopths helow B Amplitudes Epochs in
'“"f‘“:,;:;f" rench) iy degr‘:gu Fu.hr.' in degrgea Fahr.|in d:;?;eles Fahr. deg-reui “f“l
! Q _ 4 o o o 4
3 feet. +1518 0842 604 75 26
6 feet. ‘0461 3911 ‘394 96 43

. . 604
The ratio of diminution of the amplitude here 1s VR

or 1:53,

of which the Napierian logarithm is *426. Dividing this by 3,

we find
11

as the rate of diminution of the logarithmic smplitude per French

foot of descent.

The retardation of epoch shown is 21° 177; and therefore the
retardation per French foot of descent is 7° €', or, in eivoular

meagure, 1239

If the data were perfect for a periodieal variation, and the condi-
tions of uniformity supposed in Fourier’s solution were fulfilled,
these two numbérs would agree, and each would be equal to

\/ ?—:—':f . 1lence, dividing them each by /2, we find

Apparent values of V4 1-5.

100 | (by amplitud@ﬂ)*
‘0877 (by epochs).

Observations of Underground Temperature. 181

. e *
The trae value of \/'k must, as we have seen, be ‘116, to a

very olose degree of approximation.

83, When we consider the character of the reduction we have
minde, nnd remember that the data were such as to give no sem-
blune of o theoretical agreement when the first five years’ term
of obscrvations was taken separately, we may be well satisfied
with the approach to agreement presented by these results, de-
pending as they do on only eighteen years m all, and we may
cxpect that, when the average 1s of a still larger term of observa-
tion, the discrepancies will be much diminished. In the mean
Lime we may regard the semiannual term we have found for
the three-feet deep thermometer as representing a true feature
of the yearly vicissitude ; and i1t will surely be interesting to find
whether it is a constant feature for the locality of Edinburgh, to
he reproduced on averages of subsequent terms of observation.

1. It may be remarked that the nearer to the equator is the
loenhity, the greater relatively will be the semiannual term ;
thit within the tropics the semiannual term may predominate,
exoept nd gront depths; and that at the equator the tendency
i e the wonanl term to disnppear altogether, and to leave a
weitlniininnl toem ne the flet 1o w hrmonge expression of the
yearly vivisitude of tonpeeatores The facilitien which under-
granund obwervation nlfordn for the nonlysin of periadie variations
of Lempernture when the micthod of redoction which 1 have
wdopted is followed, willy it 18 to be hoped, induce those who
have made similar observations in other localities to apply the
sune kind of analysis to their results; and it is much to be
desired that the system of observing temperatures at two, if not
more depths below the surface may be generally adopted at all
incteorological stations, as it will be a most valnable means for
investigating the harmonic composition of the annual vicissitudes,

LI1. Deduction of Conducetivities.

36, Notwithstanding the difliculty we have seen must attend
nny ﬂttcmgt to investigande wll the elremmtuanees which must be
understood in order to reconcile perfectly the observed results
with theory, the genornl ngreement which we have found 1s quite
sufficient to allow us to {ormm n very close estimate of the ratio of
the conductivity of the rock to its specific heat per unit of bylk.
Thus, according to the menns deduced from the whole period of
cighteen years’ observation, the average rate of variation of the
logarithmic amplitude of the annual term through the whole
space of twenty-one feet s *1157, and of the epoch of the samg
term, *1164. The mean of these, or *1156, can differ but very little

K2
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from the true wvernge value of ,\/ ff for the portion of rock

between the extreme thermometera. o
86. Dividing 7 by the mquare of the reciprocal of this number,

we flud 2301 uw the value of -) OF, Uy WC may call it, the con-

dnetivity of the rock in terms of the thermnal eapacity of a cubic
fuot of ity own substance. 1o other words, we infer that all the heat
comdueted in a year (the nuit of time) acrosa cach square foot of
n plate one Feench foot thick, with its two sides maintained con-
stantly at temperatures differing by 1°, would, if applied to raise
the temperatuve of portions of the rock itself, produce a rise of
1° in 235 cubic feet. Asitis difficalt (although by no means
impossible) to imagine civeumstances in whicl the heat, regu-
lurly conducted through a stratum maintained, with its two sides,
at. perfectly constant temperntures, could be applied to raise the
tempertures of other portions ol the same substance, we may
vary the statement of the preceding result, and obtain the fol-
lowing completely realizable illustration.

37. Let a large plate of the rock, everywhere one French foot
thick, have every part of one of its sides (which, to avoid eircum-
locution, we shall call its lower side) maintained at one constant
temperature, and let portions of homogeneous substance, at a
temperature 1° lower, be continually placed in contact with the
upper surface, and removed to be replaced by other homogencous
portions at the same lower temperature, as soon as the tempera-
ture of the matter actually thus applied rises in temperature by
ritans of w degree. 11 this process is eontinued for a year, the
whuha quantity of the refrigerating matter thus used to carry
away the heat condueted throngh the steatam imust amount to
235,000 cubie feet for ench square foot of avea, which will be at
the rate of *007-15 of a cabie foot per sceond.  We may there-
fore imagine the process as effected by applying an extra stratum
‘00745 of a foot thick every second of time. This cxtra stratum,
after lying in contact for one second, will have risen 1n tempera-
ture by 1457 of a degree. By means of. the 1nformation con-
tained in this apparently unpractical statement, many interesting
problems may be practically solved, as I hope to show 1n a sub-
sequent communication,

383, The value of %E, derived from the whole cighteen
years’ perviod of observation (*1156), differs so little from that
(-115 1) fonmd previously (§ 16) from Professor Forbes’s observa-
tions and reduetions of the first five of the years, that we may
feel much confidence in the accuracy of the values -1098 and
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‘06744, which, from his five years’ data alone, we found (§ 10)
for tho coprresponding constant with reference to the sand at the
Fxpernnmentul Gueden and the sandstone of Craigleith Quarry.

From them, ealeulating as above (§ 86), we find 2605 and 6007

k

i Lhe values of E for the terrestrial substances of these localitics

rewpectively,—results of which the meaning is illustrated by the
stutements of §§ 36 and 37, - -
J9. To deduce the conductivities of the strata in terms of. uni-
form thermal units, Professor Forbes had the ¢ specific heats
of the substances determined experimentally by M. Regnault.
The results, multiplicd by the specific gravities, gave for the
thermal capacities of portions of the thrce substances, in terms
of that of an equal bulk of water, the values ‘5283, -3006, and
“1623 respectively. Now these must be the values of ¢ if the
therimal unit in which 4 is measured is the thermal capacity of

n French cubie foot of water.  Multiplying the values of % found

nhove by thewe values of ¢, we find for & the following values ; —

'Trap-rovk of Calton  Nind of I‘Inrvrinwmnl Bundstone of

Hil, Clnrdenn, Crnglaath,

IR TH 103
The valuex found by Profomnor Forhes were -

J11:3 1203 2083

Although many comparisons have been made between the con-
dueting powers of different substances, scarcely any data as to
thermnl conductivity in absolute measure have been hitherto
published, exeept thesc of Professor Forbes, and probably none
approaching to their accuracy. The slightly different numbers
to which we have been led by the preceding investigation are no
doubt still more aceurate.

A0, To rednee these results to any other scale of hinear mea-
sirement, wo tust eleavly alter them m the wverse ratio of the
square of the abmolute lengtlw chosen for the umts*,  The

* Because the absolute antonnt of hest fowing through the plate across
equal arcas will be invorsely an the thickness of the plate, and the effect
of cqual quantities of hend In raiving the tenperature of equal areas of the
water will be inversely an the depth of the water.  The same thing may be
perhaps more ensily seen by refervin %z to the elecmentary definition of ther-
mal conductivity (footnote to § 11 above). 'The absolute quantity of heat
conducted across unit aren of a plate of unit thickness, with its two sides
maintained at temperatures differing by always the same amount, will be
dircetly as the areas, and inversely as the thickness, and therefore simpl
as the absolute length chosen for unity. But the thermal unit m whicf;
these quantities are measured, being the capacity of a unit bulk of water, is
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length of a French foot being 1°06575 of the British standard
foot, we must therefore multiply the preceding numbers by
118681 to roduce them {o eonvenient terms.

41, Weo may, lustly, expresn them in terms of the most comwpion
unit, which in the quuntity of heal reguired to raise the tempera-
ture of n grnin of water by 1" and to do this we have only to
multiply onch of them by 7000 x 62447, being the weight of a
cubie fool in grams.

42. The (ollowing Table contains a summary of our results
me to conductivity cxpressed in several different ways, one or
other of which will generally be found convenient :—

Tanrk X.—Thermal Conductivities of Edinburgh Strata, it
British Absolute Units [Unit of Length, the English Foot].

(hemical Noticen :—M. Lourengo on Glycol and Glycdrine. 185

rature in it flow over the whole length. [It must be understood
here that the plate becomes warmer, on the whole, under the
lower parin of the stream of water, its upper surface being every-
whore at the same temperature as the water in contact with 1t,
whils its lower surface is, by hypothesis, at a temperature 1°
higher.|  1If, for instance, the plate be of Calton Hill trap-rock,
the water must, according to the result we have found, flow at
the rate of 141°1 times its length in a year, or of -3868 of its
length in twenty-four hours, to be raised just 1° in témperature
in flowing over it. Thus, water one French foot deep, flowing
aver a plane bed of such rock at the rate of ‘3868 of a mile ih
twenty-four hours, will in flowing one mile have its témperature
rised 1° by heat conducted through the plate. Thé rates
requived to fulfil similar conditions for the sand of the Expen.

— ] imental Gardens and the sandstone of Craigleith Quarry wre
Conductivitian in torms of o Sondue- similarly found to be *2485 of the length and 9929 of the length
Deseription thornml cupaetty of vid Conduetivition In terma of terms of in t tv-f, 1 ‘ |
of torrantrinl ik of nubetianen therinnl enpaeity of unit bulk | o 00 o n itwenty-1our 1nours. . :
subistance, | b of wuter capacity off
(f’-’) ' (k). one grain P T = = - ~
of water, |
Trap-rock of | [Per ann.|Per24 h.| Persecond. |Perann.|Per24h.! Per u_ecund. -Pe: second. NIX. (f,”lm:rw, Notices */ ?'ﬂ?ln. Farcz.q'n :faumals.
Calton Hill. { | 2670} <7310 000008461 { 141-1{-3863 |-000004471| 1-0544 By K. Arwinson, PAD.F. /.S,
Sand of Ex- | [ Comtinned | ]
1 . _ * J . " Y, Tl
gﬂ:‘;‘“ 2959 | *8100 [000009375 | 88-9|-2435 000002818 | 1-2319 . uer OB T L
Sandstone of - | ] OURBNCO* b wuceosded i converting glycerine into
Craigleith } 7845 21478 00002486 | 362 - B4 propylie glycol, nnd glyeol into ordinary aleohol.  The
1478 | 71-9929 00001 : . , - . - -
| Quarry ... 01149 | 50225 formuls of monohydrochlorie glycerine only differs from that of
1 | - T propylie glyeol by containing chlorine 1n the place of an atom
4;‘3. The statements (§§ 36 and 37) by which the signification of hydrogen. This relation, as well as that between monohy-

drochloric glycol and the corresponding monoatomic alcohol, 1s

of - has been defived wnd illasteated, require | -- ; Shiie . .
i strnted, requive only to have cubic indicated in the following formulee :—

C

feet of water substituted for enbie feet of rock, w thewr ealorimes- 03 H.Cl1 02 s He OF
tric specifieations, to be applicable similarly to detine and illus- Monoh drm*hiuric lveerine Proovlic lveol
trate the meaning of the conductivity denoted by k. The fluidity };13 ]i7 ('] )843 | Q,I;YHB g@i’ |
O-f the wqter allows 4 mod1ﬁ¢d aﬂd scrmewh.at Bimp_lel' explana- Monoh 'Illrm'hlt;ritﬂ lyeol Propylic alecohol
tion, equivalent to that of § 36, to be now given as follows :— ) REyCOd- Py '
44. If a long rectangular plate of rock one foot thick, in a Ol (! 0 0*
position slightly inclined to the horizontal, have water one foot Hydrochlore glyeol Alcohol.

deep flowing over it in a direction parallel fo its length, and if
the lower surface_of the plate be everywhere kept 1° higher in
temperature than the upper, the water must flow at the rate of %
times the length of the plate per unit of time in order that the
heat conducted through the plate may raise 1t just 1° in tempe-

By treating these hydrochloric cthers with nascent hydrogen,
this chlorine in removed and replaced by hydrogen. |
When monohydrochlorie glycerine, diluted with 1ts volume of
water, was placed in contnct with excess of sodium-amalgam,
and the mixture left at the ordinary temperature, the amalgam
was slowly decomposcd with a slight disengagement of hydrogen,
and formation of an abundant deposit of chloride of sodium.

RRE. — el S

directly nw the cube of the unit length, and therefore the numbers expressing
the quantities of heat compared will be 1nversely as the cubes of the lengths

chosen for unity, and direetly as these simple lengths ; that is to say, finally,

they will be inversely an the squares of these lengths. * Comples Rendus, May 20, 1861.



