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THE DETERMINATION OF HIGH TEMPERA-
TURES.
(By A. A. Watson, B. Sc., Vernon, B.C.)

HE determination of high temperatures is a sub-
. Ject of great interest in smelting operations and
1 the numerous experiments carried out by scientists
pon blast furnace smelting and upon the use of vari-
Qus kinds of fuel a good method of accurately esti-
Mating high temperatures has been eagerly sought
after. ~ Various methods have been used to this end,
and to describe some of these, together with the scien-
Lifie principles involved is the object of this article.
Ne of the first methods to be applied, and one which
:Vol_lld naturally occur to anybody, was that of mea-
“uring the expansion of a bar of some metal, difficult
o fuse, when placed in the furnace with one end pass-
f‘g through one side. The principle involved is the
Yame as that of the ordinary mercury thermometer.
¢ measure ordinary atmospheric temperatures by
€ expansion of a thread of mercury, reading off the
f€rees on an arbitrary scale; applying the same
Principle, only using a bar of iron instead of a thread
of mercury, the temperature of any furnace could be
Obtained up to the melting point of iron, in terms of
¢ centigrade or Fahrenheit thermometer. The iron
Ar was carcfully measured at a temperature of zero
“entigrade and placed in that part of the furnace
Nere the temperature of zero was desired to be deter-
l(n}ned. One end of the bar projected through the wall
OF the furnace. The increase in length was measured
“Nd the temperature calculated from this. Theoreti-
“ally this instrument should have been satisfactory, but
¢ difference of temperature of that part of the bar
Which was in the wall of the furnace gave rise to inac-
]?uraCies. The temperature was obtained by consider-
g the equation for determining the coefficient of
i:’:@al expansion of iron, that is to say the fraction of
';f‘lf which iron expands for every d:gree of rise in
“Mperature. This fraction is .000012.
" For example let L. be the length of an iron bar at a
Rlven temperature. Let M be its length at 0° centi-
8rade. Tet T be the temperature. Let the coefficient
Ol expansion of iron be .000012, then its length at any
§’Ven temperature will be the multiple of its length o°
v and unity plus the coefficient of expansion multi-
blied bv the given temperature.
= M (1 + .ooo012 T).
anflupposc an iror} bar measureq 100 inches at 0° c.
M when placed in the furnace increased tc 101.107

}Hches, we obtain the temperature of the furnace as
0110\\?5:
101.107 = 100 (1 4 .000012 T).
T == g22° c.

The barometer of the furnace then is 922° c.
more accurate method was found by placing an
and a platinum bar side by side in the furnace
the ends projecting and measuring the difference
le expansion of the two bars. [Iron expands
N Out half as much again as platinum for every in-
reas_e per degree centigrade. The coefficient of ex-
p)ansmn of platinum is .0000086. The greater the tem-
Crature therefore the greater difference will there
ee I the length of the rods and so by using the same
)il_uatlo:‘l as before first applied to iron and then ap-
Plied to platinum we can easily obtain the tempera-
Ure of our furnace. Suppose our rods each measure
.90 inches at zero and the difference in their lengths
e furnace is .314 inch. :
Foriron L = M (1 + .0ooo120 T) = 100 (1 +
12 T),
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Platinum P = M (1 +4.0000086 T) = 100 (1 4
.0000086 T).

By measurement L. — P = .314 inch.

.314 inch=100 (1-+.000012 T) —100 (1--.0000086
T.)

.0012 T — 00086 T = .314.

T = 923°.

The temperature is found to be 923° c.

Another method which has met with considerable
success is the calorimetric method. A platinum ball
of known weight is suspended in that portion of the
furnace of which it is desired to know the tempera-
ture and is then quickly ejected and placed in a water
calorimeter. The rise in the temperature of the water
is then noted. But first it will be necessary to explain
te the lay reader what a calorimeter is and for what
purpose 1t is used. A calorimeter is, as its name im-
plies, a heat measure, that is to say, an instrument
used for the purpose of estimating quantities of heat.
The quantity of heat required to be put into a gramme
of any substance in order to raise its temperature one
degree, is called the specific heat of that substance.
The specific heat of water is that quantity of heat re-
quired to raise a gramme of water one degree. centi-
¢rasde and this quantity of heat being taken as unity
the specific heats of other substances are always taken
in terms of the specific heat of water. Thus the spe-
cific heat or iron is 0.114, because the quantity of heat
required to raise the temperature of a gramme of iron
one degrec centigrade is 114-1000 of the heat required
to raise a gramme of water one degree. It is in niea-
suring the specific heats of metals that the water
calorimeter is used. It consists of a small breaker-
shaped copper or brass vessel of known weight pack-
ed inside another brass vessel, the space between the
two being lined with ashestos or more often non-con-
ducting material to prevent the escape of heat from the
inner vessel. )

Suppose, for example, it is desired to measure the
specific heat of brass. A piece of brass is weighed
and placed in boiling water to bring it to a tempera-
ture of 110° c. In the meatime, the calorimeter is fill-
cd with water and weighed so as to obtain the weight
oi water, and the temperature of the water is regis-
tered. The piece of brass is next quickly removed to
the calorimeter which is kept stirred and the rise in
temperature of the water noted. We now have all the
data for determining the specific heat of brass.

Supposing the weight of the brass to be 177.6
grammes, the initial temperature of the brass to be
100° ¢.,the final temperature 18.6 c. The fall in temper-
ature of the brass is 81.4 c¢. The quantity of heat evolv-
ed by the brass in cooling is (177.6X81.4Xspecific
neat of brass) heat units and is by natural law equal to
tire heat taken up by the calorimeter and water.

Now the weight of water in the calorimeter was 657
grammes and the amount of water equal to the instru-
itself by previous determinations was 1t
grammes, therefore the amount of water the whole
calorimeter was equal to was 668 grammes. The in-
itial temperature of the water was 16.6 and the final
18.6°. The water therefore was raised through 2° c.

The heat taken up by the water was therefore 2668

or 1336 units.

Now the amount of heat taken up by the calorime-
ter must be equal to the amount of heat given out by
the brass, for energy is never lost, therefore 1776 X
81.4 X specific heat of brass = 1336.

Specific heat of brass = .094 heat units.

Tt will be readily seen that, applying the same prin-



