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Or Comrositrons.—Asphalt, hair and lime, lath and
plaster, Roman cement, plaster and sand, plaster of Paris,
and Keen’s cement.

Or Rocks.—Slate, Yorkshire flag-stone, Leunelle marble,
Napoleon marble, Portland stone, Bath stone, chalk, and
three specimens of the stones used in building the New
Houses of Parliament, namely, Norfal, Bolsover, and Pains-
wiclk.

Or Mzrars.—Lead.

All the compositions were obtained, by permission, at the
Model Prison, This circumstance I mention because it
allows me to vouch for their being genuine. Most of the
above names are familiar to architects and builders, but, as it
is necessary that they should all be so described, that each
substance here experimented upon may be identified with
those commonly used, a further remark will be made upon
each material as the experiments are detailed.

The observations hitherto made relating to the conducting
power of different substances do not appear to be numerous.
Tt seems that we are first indebted to Dr. Franklin for con-
triving, and Dr. Ingenhouz for executing a series of expe-
riments, in the year 1780, which, though they do not give
any very exact results, still enable us to form some notion of
the relative conducting powers of certain metallic wires.
These were coated with wax and plunged into olive oil, heated
to 212° F. and the height to which the wax was melted
determined their conducting power.

In the © Journal de Physique,” for October, 1793, an essay
appeared on the conducting powers of different bodies, such
as gases, fluids, and metals, as examined by Humboldt, Mayer,
Richmann, Thompson, Crawford, Lavoisier, La Place, Kirwan,
Magellan, and Gadolin.

Subsequently, another observer upon this subject was
found in M. Despretz, whose paper appeared in the “ Ann. de
Chim et de Phys., xix., 97.” He experimented upon dif-
ferent substances, coated with varnish, and heated at one
extremity in a lamp, while a thermometer was applied at the
other end, and the height to which the thermometer rose,
after the lamp had exhausted itself, measured their conduct-
ing power.

M. M. Aug. Delarive, and Alph de Candolle, “ Ann. de
Chim et de Phys., xl. 91,7 examined, for a similar object,
different kinds of wood, formed into prisms, and adapted so
as to receive thermometers at certain intervals: these were
subjected to the flame of a spirit lamp, the end next the flame

-






6

contain shall have acquired an expansive power, sufficient to
resist the introduction of more caloric from the focus.

But, on the other hand, let us place at equal distances
from the same focus a number of bodies, having the same
weight, but differing in their nature—as platinum, silver,
copper, and iron. These bodies will be filled with caloric as
the former bodies were, and they will arrive at length at the
same common temperature, but in different times, and by
dissimilar gradations.

This difference will depend upon the combination of two
causes—the one is the different permeability of the bodies by
caloric, or their different conducting powers, in consequence
of which calorme will take a longer or shorter time to penetrate
their substance. The other is, the different capacities of the
bodies for calorie, or different specific heat,* in consequence of
which they will require unequal quantities of caloric to arrive
at the same temperature.

From the neglect of the consideration of these two laws,
the experiments hitherto made upon conduction are but an
approximation to the truth. Thus, in the experiments of Dr.
Ingenhouz, upon metallic wires before mentionéd, silver is
placed as a Létter conductor than copper, but it will be found,
according to the experiments of Dulong and Petit, ““ Annals
of Phil. xiii.,, 164, and xiv., 189,” that the specific heat cf
copper is nearly double that of silver, the latter being .0557,
and the former .0949 ; hence we find copper placed second
in order of conduction, which conveyed away nearly double
as much caloric in a given time from the source of heat as
silver did, which is placed first in order of conduction. And
again, in the experiments of M. Despretz, already men-
tioned, it will be foundt that the relative conducting power
of the metals is thus arranged—the most speedy conductor
being placed first ; opposite to each of these I place the specific
heat, according to the rescarches of Dulong and Petit] :—

Platinum .. & . 58 e s a0oild
AT AR R L
[Bfe) 71 (o1 JERSE BT e P
RO 5 5 e Zgis opeeaalers Cee ST

Thus we sce that the rod of platinum reguires fewer in-

* The term specific heat, in other words, is the expression of the fact
““that egual quantities of different bodies require unegual quantities of caloric
to heat them equally.”

t Traite Elementaire de Physique, Par M. Despretz, P. 201.

+ Ann, of Phil., xiij. 164, and xiv, 189,
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heat of metals, considers this plan most accurate and direct,
yet it requires many precautions. It is, however, well adapted
for the substances now under consideration. The materials
I examined were reduced to fragments, as nearly uniform in
size as possible, and of equal weights. They were then heated
to a certain thermometric degree, and plunged into a known
quantity of water, at an ordinary temperature, and the new
temperature resulting from this commixture was carefully
noted. From this a deduction is drawn of the specific heat of
the materials under examination,

A box for containing the water was constructed of fir wood,
half an inch in thickness, and coated with tin foil on the out-
side, with a view of keeping the surface smooth and polished,
so as to impede 1its radiating any excess of heat which might
be gamed during the experiment. The box was 5.6 inches
deep, and 3.9 in the side: 14,110 grains of water was the
quantity measured into this reservoir for each experiment,
by a large bottle, similar in principle to a specific gravity
bottle.

The thermometer used was exceedingly delicate, and gra-
duated by myself; each degree measured nearly six tenths
of an inch, and these degrees were divided into tenths, which
could again with ease be further subdivided by the eye into
halves or twentieths of a degree. This thermometer was
"quickly affected by change of temperature, and so delicate,
that upon applying the palm of the hand to the bulb, the
mercury of the stem would instantaneously sink from one to
three tenths of a degree, from the immediate expansion of the
bulb, before the heat of the hand had affected the mercury ;
the length of the bulb was 2.375 inches, and the diameter
.625 of an inch ; the bulb did not reach the bottom of the
reservoir by an inch and a quarter.

It was suspended by a pulley, to allow of elevation or
depression, this provision being necessary, as the substances
less dense, like fir wood, when plunged into the reservoir,
elevated considerably the surface of the water. This arrange-
ment will be better understood by referring to fig. 1. The
water, before the addition of the substance stood about 1.875
mch from the top of the box, and the increase of height pro-
duced by the submersion would sometimes cause the water to
rise one inch,

The temperature of the water before performing an ex-
periment was from one to two degrees below that of the
ambient air, and subsequently to the experiment when the
mixture was at its maximum, from one to two degrees above
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-

basket was to indicate the temperature of the fragments
in heating, and also to know the time when to plunge the
whole into the reservoir. The whole of this mechanical ar-
rangement will be better understood by reference to the
diagram. Tig. 7 represents a section of the wire gauze
basket, with two threads attached to it. Tig. 9, a coil of fine
wire, for the reception of the bulb of the thermometer, heing
2.4 inches deep by 35 diameter. Tig. 11 is a section of a tin
canister, open at the bottom; these canisters are just large
enough to receive their corresponding baskets. A is a sliding
bottom, which can be removed at pleasure. TFig. 6 is a
ground view of this sliding bottom, illustrating its mode of
support by means of three pieces of tin, doubling round its
circumference ; the top of the canister, fig. 11, is closed, with
the exception of a small hole in the centre, D, not exceeding a
quarter of an inch in diameter, to admit the bulb of the
thermometer, and laterally to these are two very small holes,
C C, to veceive the two threads which support the basket
during the experiment.

‘When the fragments are put into the basket, arranging the
thermometer’s basket in its centre, the two threads, D D,
fie. 7, are passed through the openings, C C, fig. 11, and the
basket is drawn up into the canister, as represented in fig. 10.
The canister bottom A then being slid into its place supports
the baskets as seen in the figure; the whole is now attacled
by two threads, fiz. 10, I' F, to two screw pins holding in the
sides of the thermometer, by which the canister and its con-
tents allow of being screwed up until the thermometer bulb
is pressed down to the bottom of its basket, the threads, D D,
which belong to the basket, are loosely secured to the ther-
mometer, the stem of which is passed through a piece of
cork to cover the remaining aperture around its neck, K,
fig. 10.

The whole is now ready to be heated to the given tem-
perature, and is removed for that purpose to the steam
chest, which is represented by fig. 16, when it is placed
m a chamber, H, surrounded by steam, and here it remains
enveloped in sand until heated precisely to the temperature
of 202°; this takes a considerable time—it will never attain
the temperature of steam. As soon as the thermometer
indicates the fragments in the basket to have attained 202°,
the whole is instantly withdrawn (this part of the experiment
must be particularly watched), and suspended over the reser-
voir, fig. 1, where the lid of the reservoir is apphed to the
bottom of the canister, when the proper tin bottom of the
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In the mode here adopted, it will be seen that the substance
was removed entirely from the source of heat, and allowed
to cool down two degrees, whereby the current of heat was
turned outwards in radiating from 202° to 200°. Here the
centre of the mass would be at a higher temperature than the
circumference.

This difference in operating would cause the specific heats
to range higher in Mons. Regnault’s plan than by that which
I have adopted, if the observations were taken from the same
degree, viz., from 200°. This is worthy of attention, as it
may show the cause of difference in result between two ex-
perimenters, and also between the experiments of the same
observer ; for T found until this was guarded against the
whole deductions were thrown into confusion by the discord-
ant results obtained on the repetition of experiments.

To make this more clear, T have endeavoured to represent
the currents of heat by a diagram. Let us suppose fig. 14 and
15 to be two bodies, the thermometer in each indicating 90°,
and the concentric lines to indicate different intensities of
heat. 1Infig. 14 the calorie is passing outwards, and to illus-
trate such, we may suppose the circumference to be at 847
the lowest temperature, the next cirele 85°, the next 86° and
so on, the centre being 90° ; now if we add up these numbers,
we may suppose fig. 14 to contain 609 degrees of heat : on the
other hand, let us suppose fig. 15 to be a body, in a pro-
cess of heating, and, consequently, with the highest tempera-
ture at the circumference, and thence, decreasing inwards
towards the centre, the thermometer will but indicate 90°; but
if we add up these numbers as in the former case, we find
651 degrees, making a difference of 42 degrees; yet they
were both heated with the same caution, but the observations
were taken when the currents of caloric were passingin oppo-
site directions.

Another precaution, absolutely necessary in experiment-
ing in this manner, is, that the mode of heating for examina-
tion should be by a uniform temperature in which we may
imagine the circles of heat to flow in regular order; or great
confusion will result. If the substance be raised quickly
to 200°, and plunged into the reservoir, with the cur-
rent of heat entering, it will raise the water to nearly
double the number of degrees that it would if it were
raised slowly to 200°, because we may imagine the circles
of heat to be closer together, and therefore more numerous ;
hence the circumference will be considerably hotter than the

centre,
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and all these degrees must be indicated by the same ther-
mometer, or our experiments will be nothing but confusion
and error.

I mention steam-heating as the best, because, if the source
of caloric be mot uniform, but varying even a quarter of a
degree, this will cause a gap (if I may be allowed the term)
in the current, which will be preserved to the very centre of
the heating mass, as the thermometer will indicate. In
these experiments the thermometer of the steam chest never
varied for twelve or fourteen hours together except from baro-
metric alterations.

Every substance here examined has been experimented
upon from three to five times, and the mean of the results has
been taken as the proper specific heat, deducting the specific
heat of the baskets, and the increase of temperature of the
reservoir by humectation when present.

The baskets were five in number, and may be distinguished
by the first five letters of the alphabet.

The following is the weight and size of the baskets :—

Weight in grains Depth in inches Diamgter in inches
AR SO H 3.5 - 29
B . 4995 . 3.1 . L |
0 R B 3.1 Ve 1.8
1] VSRR T H s e i, L | : 1.5
|y S e e ¥ | = 1.2
e ]

The mode of calculation will be given after the experiments
are detailed. 'Water 1s made the standard, and is taken as 1.

Oax Woon, 1440 gr.—This specimen was sawn out of a
log which had been a beam in some old building upwards
of a century, with three of its sides exposed to the matural
temperature of our habitations. To prevent the fragments
floating when plunged into the water, a piece of wire gauze
was sewn over the top of the basket, when the specific heat
was calculated, and a fine glass rod kept, the whole submersed
during the experiment,

Firat Second Third Deduction of
Experi- [ Experi- | Experi- | temperature | Blean

HAEE Mgt ment | for basket, A
Height of Barometer . . . . |30.17 | 30.17 | 30.17 E?,EE
Temperature of ambient air . . | 55,00 58.00 | 63.00 53.00
Temperature of reservoir ., . . | 50.60 | 55.50 | 60.20 52.40 | 55.43
Temperature of mixture . . . . | 57.20 | 61,80 | 66.50 53.10 E}.EE
Degrees gained by reservoir . .| 6.601 6.301 6.30 J0 | 5,70

Specific heat, .4042 |
lﬂ"
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Stock, or Common Brick, 1440 gr.—This, I believe, is
named “ Cowley Stock Brick ”—the ordinary red brick.

First Becond | Third | Dedaction of
Experi- | Experl- | Experi- | temperatore | BMean
meint ment ment | for basket, O

Height of Barometer, . . . . |29.87 | 29.95 | 20.97 | 29.87
Temperature of ambient air . . | 61.00 | 58.00 | 59.50 | 54.00
Temperature of reservoir . . . | 60.30 | 57.00 | 58.30 | 53.90 58.53
Temperature of mixtare . . . . | 63.20 | 60.00 | 61.20 | 54.20 61.46
Degrees gnined by reservoir . . | 2.90| 3.001 2.90 | .30 2.63

Q 25.77 Specific heat, .1860

« Marnm” Brick or Facine Brick, 1440 gr.

|  First Sceond | Third |Deduction of
Fxperi- Experi- | Experd- | tempernture | Mean
ment ment mEent for l%uh:t c

Height of Barometer . . . . | 29.27|20.40]29.97 | 20.87

Temperature of ambient air . . | 64.00 | 64.00 | 62.00 | 54.00

Temperature of reservoir . . .| 63.20 | 63.30 | 60.65 53.90 | 62.38

Temperature of mixture . . . .| 65.90 | 6595 63.30 | 54.20 | 65.05

Degrees gained by reservoir . . 2.701 2.651 2.65 30 2.37
Q 23.22 Specific heat, .1720

CorosiTions.—In these substances great care was taken
to expel all superabundant moisture, and, at the same time,
they were never submitted to a temperature exceeding 2127 ;
here they were kept for months to dry. The affinity of some
of these materials for moisture is considerable, which will
always create a difficulty mn obtaining uniformity of result,
and also the uncertainty of procuring substances of exactly
similar composition is very great.

Aspuarr, 1440 gr.—This substance, which is now be-
coming somewhat familiar to the public, is used for flooring
the cells of the Model Prison, and certainly peculiarly resists
the ascent of moisture from the ground. Five hundred and
seventeen grains of it, with a like quantity of stock brick,
flooring tile, Yorkshire flag-stone, and slate, were folded up
for seventy-three hours in a cloth saturated with water, and
the increase of weight in the different substances, appeared to
be in the following order, brick having the greatest, and
asphalt the least power of absorbing moisture.

Common Brick, Slate,
Flooring Tile, Asphalt,
Yorkshire Flag Stone,

T believe this substance to be known by the name of Asphalt
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generally about an inch in thickness, constituting our walls,
this proportion of wood and plaster was chosen.

First Zecond | Thied | Deduction orl| Deduct |
Experi- | Experi- | Experi- | tempoerature for Cold | Mean
ment ment ment  |for basket, B.| Exp. |

Height of Barometer . .| 29.17 | 20.05 | 20.06] 30.22 ]3(},13'
Temperature of ambient air | 62.50 | 63,00 | 62.50 | 57.30 56.45 |
Temperature of reservoir . | 61.90 | 61.45 | 51.05 |  57.30 56.35 | 61.46
Temperature of mixture .| 63.30 §4.95 | 64.35 | 57.65 | 56,50 64,86
Degrcesgainedbyreservuir] 3.40| 3.50| 3.30 .36 .20 2.85

Q 27.92 Specific heat, .2065 l

Romany Cemext, 1440 gr—There will here be found
a great diversity of result between the four following
experiments, much greater, indeed, than in any other. I
have experienced, throughout, great difficulty in experi-
ments on those substances whose composition 1s so uncertain.
These four experiments occupied considerably more time than
the rest.

The cause of the apparent discrepancy Was from my ig-
norance in the first expermment on Roman cement, of the
marked peculiarity of certamn substances generating caloric at
distinet intervals, between which intervals the temperature of
the mixture would fall and rise again, and seeing the mixture
fall in temperature, as was customary, 1 withdrew the sub-
stance, whereas if it had remained, bursts of caloric would
have issued forth and raised the temperature of the mixture,
in the first experiment, to an equality with the rest—this
caused the enormous difference of 1.3 of a degree. An equal
guantity of Roman cement was plunged into the reSErvoIr
for the cold experiment, which only raised the water two
tenths of a degree. This will he referred to again when
speaking upon Plaster of Paris.

ELaah

First | Sccond| Third | Fourth Deduction of | Cald
Experl: Exper - Experi Experi- | temperniure Expuri= | Mean
ment | maent ment ment |for basket, G | ment

e ]

Height of Barometer . . 30.0029.97 |29.27 {29.95 29.87 |30.16
Temperature of gmbient air JﬁEI'.l'.ltli 58.00 61.50 |58.00| o4 00 |55.00 |
Temperature of reservoir . 59 70 56.60 60,00 56.80| 53.90 |55.20 58.27
Temperature of mixture . 62,90 60.10 63.60 'ﬁll}.‘d-.';i 54.20 |55.40 61.73
l Degrees gnined by reservoir 320 3.50' 3.601 3.55 30 | 201 2.96

Q 26.00 Specific heat, L2099

L

PrasTerR AND Sanp, 1440 gr.—This is a composition of
50 per cent, of sand to plaster of Paris. These experiments
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Keen’s Cement, 1440 gr.—This composition has for its
chief ingredients Plaster of Paris and Albumen; of the pro-

portions I am not aware. The remarks made upon Plaster of
Paris will also apply here.

Firs-t‘ Second Third  deduction of| dednct
Experi- [ Experi- | Experi- |temperature|for Cold Mean
ment ment ment il‘ur basket, B] Exp.

Height of Barometer . .| 29.97 | 29.97 | 29.87 30.22 30.16
Temperature ofambient air| 61.00 | 62.00 | 60.00 57.30 37.00
Temperature of reservoir | 58.90 | 60.30 57.70 27.30 57.00 |58.96
Temperature of mixture . | 61.55 | 63.70 | 61.45 57.65 97.30 |62.23
Degrees gained byreservoirl 2,65 3.40 3.75 .35 30 1 2.6

Q 25.57 Specific heat, .1855

| S—

OF ROCKS, Svare, 1440 gr.—This is known by the name
of “Valentia Paving Slate,” from Ireland.

r First Second | Third Deduction of
Experi- | Experi- | Experi- | temperature | Mean
ment ment ment for basket D
Height of Barometer . . .| 29.27 29.97 | 29.B7 20.85
Temperature of ambientair. | 62.00 | 60.00 | 59.50 55.00 |
Temperature of reservoir .| 60.60 | 58.50 | 58.10 54.40 59.08
Temperature of mixture . .| 63.70 | 61.45 | 61.00 54.65 62.05
Degrees gained by reservoir .05 2.95 2.90 .25 2.71
L Q 26.55 Specific heat, .1924

Yorgsaire Frac Stone, 1440 gr.—This substance, al-
though designated by a name so vague, nevertheless, will be
found sufficiently identified by this title. On account of its
toughness and durability our streets are principally flagged,
and all kinds of cutlery ground by it. It will be found to
stand as a quick conductor of heat, and hence is ill adapted
where warm floors are required.

-y
First Secomnd Third | Dedoction of
Experi- | Experi- | Experi- | temperature |Mean
ment ment ment for basket, D
Height of Barometer . . . | 29.90 20.77 7| 29.72 29,85
Temperature of ambient air. | 58.50 60.00 61.50 55.00
Temperature of reservoir . | 57.70 08.15 59.45 a4.40 58.43
Temperature of mixture . | 60.595 ! 61.15 62.55 54.65 61.41
Degrees gained by reservoir 2.85 3.00 3.10 20 - 1273
| Q 26.75 Specific heat, .1930

Borsover, 1440 gr.—The three following specimens are
from the new houses of Parliament. This ore is geologically
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Lunerre Marsrg, 1440 gr.—-The name of this marble, as
will appear, is neither chemically mor geologically chosen,
nevertheless, it can be well identified by the name it bears. It
is an impure carbonate of lime.

First Secaond Third Dednction of
Experi- | Experi- | Experi- | temperature | Mean
ment ment mient for basket, D

Height of Barometer . . | 29.87 | 29.95 | 29.96 29.85
Temperature of ambient air | 61.00 58.50 60.50 55.00

Temperature of reservoir . | 59.50 57.70 59.00 54.40 58.73
Temperature of mixture . | 62.50 60.70 62.30 94.65 61.83
Degrees gained by reservoir 3.00 3.00 3.30 .25 2.85
Q 27.92 Specific heat, .2020
—am

Naroreon MarpLE, 1440 gr. —This marble is well known
in France; its density is very great, 3.284

First Second Third Deduction of |
Experi- | Experi- | Experi- | temperatore | Mean
ment ment ment for basket, D

Height of Barometer . .| 29.35 29.97 20.97 29.85
Temperature of ambient air | 60.00 61.50 61.50 55.00

Temperature of reservoir .| 58.30 G0.10 60.15 54.40 59.51
Temperature of mixture .| 61.30 63.101 | 63.10 34.65 62.50
Degrees gained by reservoir | 3.00 3.00 2.95 25 2.74

Q 26.84 Specific heat, .1879

Porrranp Stong, 1440 gr.—This stone, now so extensively
used in public buildings, has been in repute since the time of
James I.; it is an oolite, and occupies the whole of that
Island from whence its name is derived. There are several
varieties of this stone, but T am not aware that any particular
name has been given to the specimen here examined. Its
density, (2.157) probably, will be the best mode of iden-
tifying it.

S
r First Second Third | Deduction of
Experi- | Experi- | Experi- | temperatare | Mean
ment ment ment for basket, D
Height of Barometer . .| 20.00 29.90 29.90 29,85
Temperature of ambient air | 6000 60,00 60 50 55.00
Temperature of reservoir .| H8.50 H8.80 | 09.15 54.40 h8.81
Temperature of mixture .| 61.45 61.60 | 62.30 54.65 61.78
Degrees gained by reservoir ' 2.95 2.80 3.15 ! 25 272
Q 26.650 Specific heat, .1928
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This is the last of the experiments upon specific heat. 1In
the following table the whole matters necessary to work out
the calculation of specific heats of equal bulks and equal
weights are so arranged and headed as to make the calcu-
lations simple.

TABLE 1.
Of Specific Heal.
F SIJECZFE-}E tMEim |t1'-1l:nn dMEan li'legrii*es ?_Ipr:rl.;lﬁ? S]pncillc
gravity | tempe- | tempe- ost cat o eat of
Name of Snbstance or (ratoreof{ratureof g;ﬁeeﬁa the sl:%- equal :;-r;l.:m.[':l
density | water |\mixture |bywater| stance | weights |  bnlks
2 Oak . . . .| .5697 | 55.45 | 61.83 | 5.70 | 138.17 | .4042 2302
@ | Beech . . .| .7442 | 60.00 | 66.63 | 5.93 | 133.37 | .4431 D297
B |Fir . . . .|.4262 | 53.63 | 61.63 | 7.30 | 138.37 |.5174 | .2205
- Fire . . . .| 2.201 | 60.63 | 63.60 | 2.67 |136.40 | .1917 4219
= |Stock . . .| 1.831 | 58.53 | 61.46 | 2.63 | 138.54 | .1860 3405
@ | Malm . . .| 1.602 | 62.38 | 65.05 | 237 |134.95 | .1720 2755
o |Asphalt. . . [2.572 | 58.46 | 61.80 | 3.04 |138.20 | .2150 5520
.2 | Hair and Lime | 1.691 | 60.60 | 63.76 | 1.26 | 136.24 | .0905 | .1530
= | Lath and Plaster| 1.542 | 61.46 | 64.86 | 2.85 | 135.14 | .2065 5184
2 | Roman C'ement | 1.560 | 58.27 | 61.73 | 2.96 |138.27 | .2099 | .3274
g | Plaster and Sand| 1.308 | 60.43 | 63.91 | 2.93 | 136.09 | .2109 2758
= Plaster of Paris | 1.176 | 58.82 | 63.21 | 3.02 | 136.79 | .2163 2544
Keen's Cement | 1.230 | 58.96 | 62.23 | 2.61 | 137.77 | .1855 2281
Slate. . . . | 2.788 | 5008 | 62.05 | 2.71 | 137.95 | .1924 364
Yorkshire Flag | 2.360 | 58.43 | 61.41 | 2.73 | 138.59 | .1930 4554
*Norfal . . .| 2.219 | 61.63 | 64.61 | 2.73 |135.39 | .1975 4382
*Bolsover . . | 2.164 | 57.38 | 60.56 | 2.93 | 139.44 | .2058 4453
o |*Painswick . | 2.238 | 58.66 | 61.56 | 2.60 | 138.44 |.1839 A115
,._-E Leunelle marble| 2.678 | 58.73 | 61.83 | 2.856 | 138.17 | .2020 0409
Napoleon ,, | 3.234 | 59.51 | 62.50 | 2.74 |137.50 |.1879 B6170
Portland Stone | 2.157 | 58.81 | 61.78 | 2.72 [ 138.22 | .1928 4158
Bath Stone . | 1.808 | 58.20 | 61.18 | 2.68 |138.82 | .1891 S0l12
Chalk . . . |1.549 | 59.33 | 62.20 | 2.57 |137.80 | .1827 2830
g Lead. . . .| 10.56 | 61.90 | 62.51 41 | 137.49 | 0292 3082
i

* Stones of the new Houses of Parliament.

Thus, if we take stock brick as an example, and wish to
work out its specific Leat, from the experiment, we see the
temperature of the mixture is 61.46. The brick lost, when
plunged into the water, 138.54 degrees, and the water gained
2.63 degrees—hence, 1440 grs. of brick, at 200 degrees, raised
14110 grs. of water 2.63 degrees. Next, is to be found how
many degrees 14110 grs. of brick would raise an equal weight
of water ; this is found by simple Rule of Three—

grs. of brick. grs. of water. degrees gained.
as 1440 : 14110 7 268 & .7
And to obtain the specific heat, state—

degrees lost by brick. product of above. water as standard. specific heat,
as 138.54 : 05,77 i 1 t J86G0
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before being experimented upon, in order that they might, as
nearly as possible, be immersed at the same temperature.
The cubes were then attached to an apparatus resembling a
high stool, as shewn in fig. 5, with screw pins, a a, in each
leg, which are to tighten that string which passed under the
cuboids ; to secure it to this apparatus, there was a movable
degree upon the thermometer, to allow of adjustment, as
near 55 degrees as possible, before immersion into the hot
mercury.

Upon experimenting, the time was taken, and the cube im-
mediately pressed down into the hot mercury, and the four
strings from the top of the apparatus were secured to the
pedestal or table on which the steam chest stood; it some-
times required a pressure of 9lbs. to keep the cube in its
proper place: the time was then noted which the thermometer
in the cube took to rise 1 degree, being from 55 to 56 degrees;
the time was not then noted again until the thermometer rose
to 60 degrees, from which place it was noted every 10 degrees
of ascent up to 200 degrees. ,

The annexed table, No. II., will shew the times of the

passage of ealoric as to velocity, through the various sub-
stances. It is here designated the “resistance to the passage
of heat inwards,” in contra-distinction to another class of
experiments, of heat passing outwards, established by the
laws of cooling. In the last column of table II., the mean
time of every 10 degrees rise is calculated. It will be
here observed that the resistance afforded to the passage
of heat for the first degree, i. e., from 55 to 56° is 71" .5,
and the first 10 degrees only 82" .58, and the two following
ten degrees progressively less; it is not until the 100° that
the time materially increases, and, from hence, 1t continues
to increase up to 200°. This might be anticipated, because,
in the first 71”7 .5 of time, the caloric has half the diameter
of the cube to pass through—allow me to call that passage
9 inches in length—by the time the thermometer in the
cuboid indicates 60°, 10 degrees of caloric from the hot
mercury, which presses upon five sides of the cube, have now
traversed a certain distance inwards, say half-an-inch; let this
be represented by the dotted line in fig. 3 : thus the next 10
degrees have only 14 inch to pass, which will be accomplished
in less time than when the distance was 2 inches : thus, as the
heat advances the times decrease, not from absolute diminution
of resistance, but from diminution in length of passage to
travel.
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After a certain time the centre of the cube attains a
temperature more nearly approaching that of the source of
heat; and, as the rapidity with which heat is communicated
between two bodies depends upon the difference of their tem-
perature, the velocity of the passage of heat now rapidly
diminishes.

There is one remarkable exception to this, as will be
observed in the plaster of Paris, and plaster and sand. T
repeatedly experimented wupon these peculiar substances,
and always found the time to deerease at that period of the
experiment at which in every other substance it increased.
Every other material afforded less resistance to the passage of
heat from 170° to 180° (as will be seen in table II.), than
from 180° to 190° the times progressively increasing; but
here the resistance from 170° to 180° was greater than from
180° to 190°: the plaster of Paris at this point appears to
have generated heat of itself. This was universally the case
as often as I experimented, which was five times. T feel
convinced there are some very curious properties belonging
to plaster of Paris, hitherto unknown, in connection with
caloric.

The relative position of the compositions, one with another,
in this table, may vary a little upon repetition of the experi-
ments, probably from the water mechanically held in them
being driven off more completely in each successive experi-
ment, during heating,—but I believe they will always be
found to be the slowest class of conductors, as compared with
the other substances here examined. As it appears from
table II., that the relative conducting powers vary according
to the different intensities of caloric, when penetrating the
cuboids, it has been thought neccessary to make five calcu-
lations upon each experiment,—one for the time required for
the attainment of the first degree, a second from 80° to 1207,
a third from 120° to 160° a fourth from 160° to 200°, and the
5th from 60° to 200°,—these separate times added up are

iven in the annexed table, No. I1I., with the specific heats of
equal bulks, which, multiplied together, give the resistance
to the passage of heat, corrected for specific heat : this will be
seen caleulated in table IV., page 30. Calculations have been
made from this table to find the relative conducting power, cor-
rected for specific heat, and compared with fir wood, as 100,
and with slate as 100. As all calculations of this nature must
be comparative, fir wood and slate have been chosen as
standards, these being most universally employed i the con-

struction of buildings,
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comparative conducting power ; for example, if we take st
brick for the 1st degree—g : 5 T

Conducting power of fir  Conducting powe i i comparaL b e
g power of hiick Fir compared with fir

as 04535 : 03671 i 100 : .80.95

and when the comparison is with slate let this substance be
substituted for the fir wood.

TABLE 1IV.

Resistance {o the passage of Heat inwards, corrected Sor Specific Heal of egual
bulks, caleulated from Table ITI,

| Name of Substances | 55° to 56° | 80° to 1209 | 1202 to 1602 | 2160 to 2002 | G0° to 200°

o R R S (T T 103.59 158.83 | 597.36 91,95
=] i a58. LB 091.95
S |Beech . . .| 2807 | 11869 | 17803 | 99660 1370.70
BIes vl 29 05 02 84 136.71 Bh9.05 1198.96
“ 3L T 20.53 65.39 04.02 307.98 50A”.28
o|Stock o L L | B7ind 62.65 99.42 314.98 517.56
A |Malm . . . 21.76 a0.14 82.G3 950.89 496,47
| = |Asphalt . .| 3503 [ 9233 | 14154 | 403.61 | 690.01
.E Hair and Lime | 10.71 20.07 44,37 188.19 984.58
‘w | Lath and Plaster| 15.92 102.84 167.17 864,77 1213.10
2 | Roman Cement 45.50 117.86 176G.79 1139.35 1502.76
g Plaster and Sa._‘ﬂl:l 24.82 104.75 180.64 1311.42 1671.34
] Plaster of Paris 30.52 06 67 178.08 943.82 | 1537.84
Keen's Cement 25851 68.43 112.90 1406.23 | 1635.47
Slate . . . .| 19.20 48.81 69.73 177.01 311.64
;.':i orkshire Flag 16.84 37.34 b7.83 161.12 980,98
*Nnrfa.l mom R 19.72 43.82 65.73 190.61 396.45

o |MBolsover . .| 2226 | 55.66 82.38 | 238.23 | 407.44 |
g Painswick . -. | 24.69 59.25 88.47 251.01 435.77
= Leunelle marble | 24.34 59.49 86.54 932.58 413.78
Napoleon ,, 48,99 70.33 093.10 395.77 h37.40
Portland Stone 24,94 56,54 83.57 242 41 415.80
Bath Stone d 28.00 64.97 8.35 S07.30 510.99
Chalk . . . 25.47 G2.26 04.60 345.26 | 550,43
ﬁ Lead . ol . o |-"2465 [ G2 11.40 37.60 | 59.79

* Stones of the new Houses of Parliament,

Table VI., page 32, represents all these conducting powers
arranged in gradation, commencing with the lowest conductor
first. It will be observed that the Yorkshire flag stone and lead
are the two materials that maintain the most uniform position
throughout the different temperatures in the experiment.
This table (No VI.) contains the long sought for matter, ar-
ranged more conveniently, and will be found of great value to
all those who desire to know (to use common phraseology) the
warmest and coldest substance to construct any edifice with.
The warmest material being placed at the top of the list, and
the coldest at the bottom, with the others in their respective

gradations between.
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has been established by the laws of cooling, in which experi-
ment the air affords an opposition to the heat passing off
from the surface of the substance, which opposition also is
maintained to the centre of the cuboid : thus, the velocity is
impeded. But were there an uniform stream of air at the
uniform temperature of 72°, (being the temperature it cooled
in), then the relative velocity would be obtained.

To illustrate this difference by experimentIcooled the cuboid
of lead, making contact between the thermometer and the lead
with powdered slate (a very imperfeet conductor compared
- with mercury). Every other circumstance being the same
it was then 71' in cooling from 198° to 78°, and when mer-
curial contact was established, everything being the same, it
was 69'.5 in cooling down the same number of degrees: here
was only a difference of one minute and a half—but when the
same alternate contacts of slate and mercury were used, when
the air in no manner interfered, as in heating the cuboids,
already mentioned, in hot mercury in the steam chest; when
slate powder contact was used the thermometer rose 140° in
325 ; but when mercurial contact was established, all other
circumstances being the same, the thermometer in the cuboid
rose 140° in 194", making a difference of 131", more than
a third, whereas in the cooling experiment the difference
was as 71’ to 69'.5, which is very trifling. In table IX., the
second column shows the order in which the substances
convey ltreat. Under the head of cooling, that substance
which conveys the smallest quantity of heat is placed first,
and so downwards in gradation, to the last, which conveys
the greatest quantity of heat. :

It may not be amiss for me here to remark, that in per-
forming experiments by the laws of cooling, it is absolutely
necessary that the same thermometer be used in all the
observations, or the greatest error will result. T have found
the difference between two series of experiments most remark-
able, probably in consequence only of a variation in the size of
the bulb of the thermometer, compared with the hole 1 the
cuboid.

The difference between the time in two experiments
upon the cube of slate with two different thermometers (every
other circumstance being the same) was 106' 15”; with the
smaller bulb, the time was 222'; and with the larger bulb,
115’ 45", nearly a half less time ; and the mean difference 1
each substance in the whole series of experiments by these
two thermometers was 61' 87" for each experiment ; making
a total difference in the whole number of substances of 24






38

will be affected, and dissimilar results will present themselves 1
the cooling appears slower as the barometer falls.

There is another precaution I would mention in these expe-
riments, and I may say it is common to all of the experiments
m this essay, which is, to be very particular in removing the
substances from the source of heat precisely at the time when
they indicate the same temperature, in order that the outward
current may be equally established at the time of noting the
first observation.,

It will be seen in table VII. that the mean time for
the fall of the first ten degrees is 4' 8", the second ten
degrees is mearly a minute shorter; but had the substance
been raised to 210°, and allowed to cool down twelve degrees
before noting the experiment, the first ten degrees would have
been shorter than the second ten: this difference of time in
the first ten degrees being longer than the second ten, is in
consequence of the current of caloric mot having been fully
established outwards at the time of observation; and this
turning 1s the cause of the difference of time between the first
and second ten degrees, which might be made much more
apparent if the cuboid had been removed at 198° instead of
200° Fig. 12, already referred to, represents the heat turn-
ing as indicated by the position of the arrows.

There have been no observations here instituted, connected
with heat, so difficult, or that have demanded so much atten-
tion, to obtain a similarity of results, as these last experiments
on cooling ; by due attention to the cautions herein observed,
I have been enabled to cool the same cuboid in different
experiments with only a few seconds variation, and frequently
with no variation at all.

Table IX. presents at one view the essence of the whole
resnults of these experiments, and so arranged in their regular
eradation, that the ‘position even indicates their relative
powers, independently of caleulations.

Any practical man may here see what substances are best
calculated to resist the transmission of heat. The

1st column giving the relative conducting power, the slowest placed first.

2d . quantity of heat that passes, the lowest first.

3d . . . specific heat, by weight, the lowest placed first.
4th . . . . . . . by bulk.

5th A : . density of the substances, the lightest placed first.

There is another observation I wish to make, which origi-
nated from the experiments, of heating the cuboids in
mercury : this was not introduced when detailing those inves-
tigations, because an experiment or two resulted which does
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not bear directly upon the present general inquiry, therefore it
has been thought best to bring in this remark last. It will
be observed, in table 2, that the first degree noted was stated
as a movable degree, which was placed as nearly to 55 and 56
as possible, and that from 56° to 60° no observation was noted:
this may require an explanation.

All the cuboids here spoken of, were never kept less than
twenty-four hours in a uniform temperature before expe-
rimenting, yet I never found them to stand at a relatively
uniform temperature, nor ever to arrive at precisely the
same temperature as the room. I endeavoured, but in vain,
to obtain an equality of temperature to commence from,
and therefore I was obliged to have a movable degree, and
take that temperature mnatural to each substance, for the
commencement of the experiment.

It is said that we must adopt as one of the general laws
of heat, that all bodies communicating freely with each other
and exposed to no inequality of external action, acquire the
same temperature as the surrounding medium ; and also that a
- continual interchange of heat between the substances takes
place until their relative temperatures are the same : but, from
what has just been observed, I am disposed to believe that
different substances in equal temperatures do not acquire the
same temperature, but arrive at a temperature peculiar to each
substance, both at ordinary temperatures, and all other mea-
surable and equal intensities of heat.

In proof of the fact that this is the case at higher tem-
peratures, I put about 151bs. of mercury into the chest (before
deseribed), and allowed this to attain its maximum, which was
about .17 of a degree below the temperature of the steam sur-
rounding it. Then into the cuboid of slate a thermometer was
fixed, and contact made by slate powder, firmly fixed in, and
the top of the hole in the cuboid was filled with a cork, so
that nothing could enter ; this cuboid was entirely submersed
in the hot mercury, and the thermometer of the cuboid soon
rose to its maximum, which was not more than half a degree
below that of the surrounding mercury ; here it remained as
its maximum an hour, but above that point it would not rise
unless I covered the surface of the mercury with wool ; it then
rose higher, but fell again to its original degree upon this
wool bemg removed.

Precisely the same experiment was instituted upon the
cuboid of plaster of Paris, which was allowed to remamn at its
maximum four hours and a half ; but this, likewise, did not
rise higher than .7 of a degree below that of the slate. Here
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to be pressed into a chapter in the chemical and other philo-
sophical works of our time. Nevertheless, I doubt not that
the subject of heat will one day become as separate a science
as that of electricity, when we consider its universal and
various effects upon the whole econony of nature.

ON THE RELATIVE DRYNESS OF BUILDING
MATERTALS.

This portion of the present memoir has been added after
the foregoing experiments were read before the Chemical
Society. Finding the subject of the natural absorbing power
of these substances for water easily obtained, and believing also
the enquiry to be of no less importance as regards Hygiene
than that of their conducting power for heat, 1s the reason I
assign for subjoining this matter, as it may thereby enable
builders to correct, in a great measure, the evil attending
that dampness natural to certain localities, which affects the
foundations of buildings to the great inconvenience of their
proprietors.

Eight other substances have also been added to twenty-two
of the materials before examined. I am indebted to the
kindness of my friend, Mr. Robert Robinson, of Newcastle-
upon-Tyne, for forwarding to me some different specimens of
flag stone now muech used in that town, which has been so
remarkably altered of late years: some of them will be seen
by the table to resist the passing of moisture most completely ;
also a specimen of Maulmien teak, a wood which is now ra-
pidly coming into use from the many advantages it possesses
over oak, especially that of its not destroying iron. A speci-
men has also been forwarded to me of Messrs. Mann & Co.’s
“ Patent stucco paint cement,” which, I understand, 1s ex-
tensively employed by engineers and conductors of public
works, from its property of resisting the transmission of
moisture in exposed and damp situations. It also adheres
with great firmness to any smooth surface, and hence is well
adapted to encase brick houses. I am told the prinecipal in-
gredients used in its composition are linseed oil, rosin, and a
sand stone, of the oolite kind, from Rouen.

Five hundred grains of each of these materials were reduced
to coarse fragments of uniform size, and laid between thick
cloths, perfectly saturated with water, for a given 111.l1mhe_r of
hours, and afterwards weighed ; the increase of their weight
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-ascent of moisture up the walls of bouses, it is well ealculated
to be useful by forming a layer in the wall a few inches above
the ground. The absorbing power of common brick appears
very great, being more than ; of its own weight; whereas
Mann & Co.’s cement is not greater than -1 of its own weight,
and hence more than six times better adapted to resist mois-
ture than brick, therefore the advantage to be derived by
covering brick houses in exposed situations with this sub-
stance is considerable, while Roman cement resists moisture
even worse than brick. I wish it to be borne in mind that I
only speak of this stucco as regards its power of resisting the
transmission of water, being the only property of it which I
have examined.
Keen’s cement and plaster of Paris stand as the warmest
substances, therefore are well adapted to line rooms with,
while hair and lime is a remarkably quick conductor, and
therefore a cold substance for that purpose. 1 would also
draw attention to the fact, that plaster and sand and plaster
of Paris (particularly the latter) are admirably calculated
to resist the action of fire, while we know, on the other
hand, that lath and plaster is about the most combustible
material In a house. 1 can most confidently recommend
plaster of Paris and plaster and sand to be employed in sur-
rounding iron chests, or other places which contain valuable
property, intended to be protected from fire, If aniron chest
be surrounded with six or eight inches in thickness of this
substance I believe it will perfectly preserve papers, &e., from
any destroying heat in the midst of the burning of our ordi-
nary dwelling houses. I may also point out that Yorkshire
flag stone is a very quick conductor, and therefore ill adapted
for warm flooring ; also that lead which forms the covering of
roofs is a remarkably quick conductor, and therefore a great
- waste of heat is experienced where such covering exists ; hence-
the third back rooms on ground floors in our London houses
are found to be so cold ; a vast quantity of heat escapes through
the leaden roof, and through three of the surrounding walls,
which are generally external, and so thin as to allow of a free
escape of heat. Such places should be lined with slow con-
ductors if warmth is sought for. Touching the practical
utility of the specific heat experiments, T may point out, that
fire brick absorbs a great quantity of heat, and therefore is
well adapted to form the backs of our fire grates, whereas,
with iron backs there is an enormous waste of fuel and heat,
at the same time the fire requires constant stirring, and a
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here calculated from the state in which they naturally exist,
that 1s, as dry as could be obtained, yet containing an un-
known quantity of air and moisture. Mr. Parnell observes*
““when wood, rendered perfectly dry by the aid of heat,
1s exposed at common temperatures to the atmosphere in
its ordinary state of humidity, it re-absorbs a certain pro-
portion of water, varying accordingly to the compactness of
the wood, and to the quantity of deliquescent saline matters
present.” In reference to these two assigned reasons that
govern the absorption of water by woods, I would draw
attention again to the Maulmien teak in comparison with
the beech wood ; the relative specific gravity or density of the
former to the latter is as 7442 to 7498, being very nearly
equal, yet the absorbing power of the two is very different,
being in the proportion of 82 to 185. These facts render it
incumbent on me to recommend it to the attention of ship-
builders.

By Table X. it will be observed that the two kinds of flag
stone, termed Shetland and Caithness, absorb very little
moisture ; having been previously informed of this property I
was desirous of examining them, and certainly they maintain
the character determined from the observation of practical
men. Their conducting power for heat I had not an oppor-
tunity of calculating, but if I might venture an opinion, I
suspect they would range like Yorkshire flag stone; if so, they
are quick conductors, or cold materials for flaging rooms where
warmth is required ; nevertheless, they will be found as
valuable materials for arresting the ascent of moisture in the
walls of houses, and speaking from memory I believe the
Caithness flag has thus been employed in the North of Eng-
land with great success.

The Carrara marbles mentioned are those generally employed
in constructing mantel-pieces ; it is curious to observe, though
their density is the same, yet the harder specimen absorbed
more than twice as much water as the softer marble.

Portland stone, Bath stone, and the stones employed in
erecting the new Houses of Parliament; may be considered as
spongy materials for absorbing water ; their relative conduct-
ing power may be referred to in the first column in Table IX,
It will also be seen that Napoleon marble is a warmer mate-
rial than common brick. I mention this to correct the
general opinion that brick is a slow conductor, and therefore
a greater thickness of that material should be used in forming
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the compound is ill-adapted to line our rooms as far as con-
cerns the preservation of heat. The best property of Roman
cement, from these tables, certainly appears to be that of its
slow conducting power, and therefore it 1s much better adapted
to encase brick houses than malm brick, and as far as regards
their relative absorbing power for moisture, the difference is
not very great, being in the relation of (omitting the decimals)
133 of the former to 116 of the latter. But in this humid
climate the absorption of moisture is a most important con-
sideration, for all who erect habitations with a view of com-
bining comfort with the order of architecture. Too often is
it to be seen that the former, not to say yields to, but is totally
neglected for the sake of the latter. One of the great exciting
causes of rheumatism, that most common disease, is, I believe,
most generally produced by the ill-constructed order of our
habitations. Were air visible, we should wonder at witnessing
the cascade (if I may be allowed to use this term) that is
maintained between the windows and doors towards the fire
place, in the midst of which we are compelled to exist, and
when experiencing this we draw towards the very part of the
room where the current is strongest—to that imaginary circle
which encompasses the fire, here the evil is increased.

With these remarks 1 leave the subject for the present,
intending to enter more into it in a work which will shortly
appear on the “ ConsrrucrioN, WARMING, AND VENTILATING
or Pusric anp Prrivare Buripines,” a topic which has
lately engaged much of the public attention, and on which
many revived theories have been brought to the test of expe-
riment as newly discovered, but which, it will be obvious from
a perusal of the work in question, are in point of fact, some of
very ancient date, and not one of recent invention, more es-
pecially those now in use in the ventilation of public buildings.
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