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The principle underlying a thermoelectric thermometer is that when
one junction of two different metals such as iron and copper is heated
keeping the other cold an emf is generated and a current flows through
the circuit, see Fig. (6). This is known as Seebeck effect. The magnitude
of the emf generated is proportional to the temperature of the hot junction
If that of the cold junction is kept constant. Variation of thermo emf with

temperature is given from the expression;
E=oT+pT?
where T is the temperature of the hot junction, o and B are constants. It

has been found that for temperature up to 300°C, copper constantan and
iron constantan are good as they give thermo emf of the order of 40 to 60

microvolt per degree temperature difference between junctions.

E (mV)
Copper @ A
—/
lron
= =
Hot Cold T OC’
(@) (b)

Fig. (6): (@) Thermocouple thermometer. (b) Thermocouple characteristic
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Mixture method is the one most commonly used in the laboratory for
determining the specific heat of solids. The apparatus consists of two
parts, the heater H and the calorimeter C, see Fig. (3). The heater consists
of two coaxial cylinders, the annular space between them being supplied
with a steady flow of steam. The top of the air chamber (inner one) is
closed with a cork while the bottom by a trap door through which the
solid may be dropped into the calorimeter. The calorimeter is a copper
vessel placed in a wooden box packed with wood to reduce loss of heat
by conduction. The calorimeter is provided with a copper stirrer and a

sensitive thermometer.
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Fig. (3): Determination of specific heat of a solid by mixture method

The solid, in the form of a small pieces, is weighted and suspended
inside the heater by a thread passing through the cork. Steam is passed
through the heater from a boiler, so that the solid may be heated without

actual contact with steam or water. While the solid is heated, the empty
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dry calorimeter, with the stirrer is weighted. Water is taken in the
calorimeter and the calorimeter and contents are weighted again. The
mass of water taken is then readily found. The calorimeter is placed back
inside the wooden box and the temperature of the water is noted.

When the solid has attained the steady maximum temperature, the
calorimeter is pushed under the trap door of the heater and the solid
dropped into the calorimeter. The contents of the calorimeter are well

stirred and the highest temperature reached is noted.

Solid calorimeter  water mixture
my m, m3 T3
C1 C2 Cs
T, T T

Fig. (4): Data taken in the mixture method

Suppose c; is the specific heat of a given solid. m; grams of the
solid at T, °C is added to m of water at T,°C in a calorimeter whose

mass is m, and its specific heat is c,. Let T;°C be the final temperature
of the mixture, see Fig. (4). By equating the heat lost by the solid Q to
the heat gained by the calorimeter and water (Q. + Q,,) we get

Heat lost by solid = Heat gained by (calorimeter + water)

Qs :Qc +QW

m;C; (T3 —Ty) =(MyC, +Mgc3)(T3 —T,) (8)

from which c,; can be determined.
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Heat conduction can be visualized as the result of molecular
collisions. As one end of the object is heated, the molecules there move
faster and faster. As they collide with their slower neighbors, they
transfer some of their energy to these molecules whose speeds increase.

Consider the conduction of heat through a slab of material of face
area A and thickness Ax, with a difference of temperature between the
faces of AT. The rate of heat flow through the slab is found to be
proportional to the temperature gradient AT/Ax and the area A. Then

& oc AA—T or H oc AA—T
At AX AX

For infinitesimal thickness dx, across which there is a temperature

difference dT, we obtain the fundamental law of heat conduction

L 0Q_adT

" dt dx (1)

where dT/dx is called the temperature gradient, and k is a constant of

proportionality
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The liquid in glass thermometers
such as mercury or colored alcohol are
the most simple and common ones. Such
a thermometer is shown in Fig. (2). It
consists of a thin walled glass bulb A to
the top of which is scaled a slender glass
capillary tube B. A liquid such as
mercury or colored alcohol partially fills
the bulb and tube. The upper end of the
tube C is sealed off and the air is
removed from the space above the liquid.
A scale is engraved on the tube with the
reference ice point and boiling point.

As the temperature of the
thermometer increases, the volume of
liquid increases through the volume of
capillary. Therefore, the liquid level rises
in the capillary with the temperature
increases and fall down as the

temperature falls.

\o

C
100°C Boiling point
B
0°C Ice point
A

Fig. (2) Liquid — in glass
thermometer




