Experiment 6
DETERMINATION OF THERMAL EXPANSION COEFFICIENT FOR A SOLID
Objective: to determine experimentally the thermal expansion coefficients for different
metals
1 EQUIPMENT
1.
2.
3.
4.
5.
6.

Heater.
Test-tube.
Micrometer indicator of expansion.
Metal rods.
Vernier caliper.
Thermometer.
2 THEORY

2.1 At change of temperature of solids the dimensions of the bodies change (this
phenomenon is explained by by molecular theory, see chapter 12). In broad temperature range
the expansion is directly proportional to the temperature. Dependence of the body’s length on
temperature is determined by the formula
l  l 0 (1  t ) ,
(2.1)
where l0 is length of the body at 0С, t is a temperature in Celsius, l is the length at the
temperature t,  is called the linear coefficient of thermal expansion.
The linear coefficient of thermal expansion  may be defined as the relative change Δl/l1
of the body’s length at the 1 kelvin change of temperature.
l
l


,
(2.2)
l1T l1t
here Δl=l2-l1 is the absolute change of the length at temperature change from the value t1 to t2 (l1
and l2 are values of body’s length at temperatures t1 and
4
t2, respectively), ΔT=Δt=t2-t1 (note that 1˚С=1К).
Actually, the temperature coefficient of thermal
3
expansion also depends on temperature and, strictly
5
speaking, the formula (2.2) is valid only for the mean
value of the linear coefficient of thermal expansion in
the temperature interval ΔT. 1 K-1 is the unit of
coefficient of thermal expansion.
3
DESCRIPTION
APPARATUS

OF

2

EXPERIMENTAL

The experimental apparatus for determination of
the coefficient of thermal expansion includes the
following parts (see fig. 3.1). The electric heater 1 is
used to increase temperature of water in the test-tube 2.
Metallic rod 5 is put in the water. In the holder 3 the
micrometer indicator 4 is fixed. Using thermometer the
initial temperature of water is measured. The initial
length of the rod is measured with vernier caliper. After
length of the rod is measured the rod is inserted into
test-tube and indicator is put in contact with the upper

1
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end of the rod, the pointer is set to zero. The heater is on until the water start boiling. The
absolute thermal expansion is read off the indicator. The final temperature is the boiling point
(can be found from tables), corresponding to the value of air pressure in the laboratory.

4 PROCEDURE AND ANALYSIS
4.1 Measure the initial length l1 of the first rod with vernier caliper.
4.2 Fill 2/3 of the test-tube with water and find its temperature t1 by thermometer.
4.3 Put the rod under investigation into the test-tube (the rounded end down). Put the testtube into the electric heater.
4.4 Insert the micrometer indicator into holder and put indicator’s spike in hollow on top of
the rod. Fasten the indicator in the holder with screw.
4.5 Set the indicator pointer to zero point by turning a scale. Switch the heater on. Watch the
motion of the pointer during the heating.
4.6 When the water in test-tube is boiling, the pointer stops. The final position of the pointer
mark the total absolute expansion Δl of the rod. Turn the heater off.
4.7 Using table, determine the boiling point t2 of water at the atmospheric pressure in the
laboratory (determined from the laboratory barometer).
4.8 Calculate the value of linear coefficient of thermal expansion for material of the first rod
using formula (2.4).
4.9 Repeat the experiment with other rods.
4.10 Estimate absolute and relative errors of the experiment.
4.11 Fill the table 4.1 with results of experiments and calculations.
Table 4.1
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4.12 Express results of the calculation in a form    m   m and specify the value of
relative error ε.
5 CONTROL QUESTIONS
5.1. What is happened with solids at increasing temperature? Explain the reason of the
expansion.
5.2. Write down the formula for dependence of the body’s length on temperature and explain it.
5.3. What is linear coefficient  of thermal expansion? What is unit of  in SI?
5.4. What substances have larger values of linear coefficient of thermal expansion?
5.5 Using the obtained value of linear coefficient  of thermal expansion, calculate the volume
coefficient  of thermal expansion.

