
38. Thermal expansion of solids 

 
(2 weeks, 20 points) 

 

Issues: linear expansion, liquid volumetric expansion, heat capacity, crystal lattice deformation, spacing of 

equilibrium positions, Grüneisen parameter. 

 

Literature:… 

 

 
The purpose of this experiment is to: 

• examine the dependence of linear expansion of various materials with temperature, 

• study the relationship between the increase in length and the total length for aluminum. 

 

1. Equipment needed to carry out the exercise: 

 

• Dilatometer gauge indicator 

• Dilatometer tube, copper 

• Dilatometer tube, aluminum 

• Dilatometer tube, quartz glass 

• Alpha A suspended thermostat, up to 

100°C, 230 Volt 

• Pumping set for Alpha A thermostat 

• Thermostat bath, 6 l, Makrolon 

• Laboratory thermometer, 

scale: -10...+100°C 

• Rubber hose, inner diameter = 6 mm 

• Cable protection up to d = 5-12 mm 

• Rubber hose, inner diameter = 10 mm 

• Cable connector for d = 6-10 mm 

 

2. Preparation: 

 

Prepare the experiment as shown in above photo. Before using it, read the thermostat 

manual. 

To insert the measuring tube into the dilatometer, first route it from the inside through 

the fastening grip, and then push the closed tube from the inside through the support grip. For 

proper suspension on the mounting grip, make sure that the knurled screw tightly presses the 

round groove in the pipe, tighten it, and then check that the pipe is fixed so that it cannot move. 

Move the clock indicator towards the clamping device until the dial is slightly deflected, 

then fix it in this position by thoroughly tightening the clamp. To move the dial so that the 



pointer is at the zero, turn the dial gauge outer ring. Connect the rubber hose to the two 

connectors so that water flows into the connector at the closed end, and out from the other 

connector. Tighten the tubing with clamps. 

Keep the inflow and outflow elements as far as possible from the dilatometer so that it 

does not get hot. 

 

3. Performance of the experiment: 

 

Task 1 

Metal pipes 

Clamp the measuring tube on the dilatometer (length = 600 mm) and attach to the 

immersion thermostat with the lowest possible temperature (tap water temperature, without 

heating). Usually the temperature is between 20°C and 30°C. If you want to start with the 

standard 20°C conditions, you can use ice cubes to cool the water. 

Now read the current temperature (initial temperature), note it down and set the scale 

on the sensor to "0". Set the thermostat to 90°C to heat the bath and tubing. When heating, 

observe the expansion in 15°C increments and record them for the appropriate temperatures in 

the table. 

Glass pipes 

The elongation, in the case of Duran glass and quartz glass, is so small that heating and 

expansion of the dilatometer body due to radiation and conduction significantly falsifies the 

measurements. In this case, therefore, the measurement should be started at the highest 

temperature (80°C to 90°C). Keep this temperature for about 5 minutes and note the tube length 

and its temperature. Then set the scale on the sensor to "0". Now replace the warm water in the 

bath with cold one and measure the temperature and expansion again (of course it will be 

negative). 

With this method, the temperature of water changes, but the temperature of the 

dilatometer will stay relatively constant. Measure only two values. 

Because water needs to be replaced using a metal measuring tube, it is recommended to 

take measurements for the glass tube between measurements for two metal tubes. 

 

Task 2 

In the case of aluminum, one can measure the extension for three different rod lengths. 

The rod can be mounted in different places for this purpose. 

Start at the lowest possible temperature and secure the rod with a length of 200 mm. Set 

the scale on the sensor to "0". Increase the temperature by Δ𝑇 = 15°C and keep it constant. Read 

the extension and write it down. Fasten the 400 mm long rod and set the scale on the sensor 

again to "0". Increase temperature Δ𝑇 = 15°C again and keep it constant. 

As measurements for a 600 mm long rod, the measurement from Task 1 can be used. 

 

4. Theory and analysis of results: 

 

The increase in temperature 𝑇 causes increase of 

the amplitude of vibrations of atoms in the crystal lattice. 

The curve of potential bonding force (Fig. 1) corresponds 

only to the first approximation of the parabola - for 

harmonic vibrations (dashed line); it is generally flatter 

for large intermolecular distances than for small 

distances. If the vibration amplitude is large, the center of 

vibration equilibrium shifts, thus increasing the distance 
Fig. 1: Potential energy dependence on 

intermolecular distances 𝑟. 



between the particles. The average spacing between atoms increases, and the total volume 𝑉 

increases (at constant pressure 𝑝).  
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is called the volumetric expansion coefficient; if only one dimension will be considered, one 

can get a linear expansion coefficient: 
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where 𝑙 is the total length of the body. 

 

Task 1 

Calculate, for each measurement, the 𝑇−𝑇0. For glass tubes it is needed to change the 

order (i.e. subtract the lower temperature from the higher 𝑇0). Therefore, for "0" the extension 

is 0 (𝑇−𝑇0 = 0), then the extension for high temperature - of course it will be positive. 

Because the length changes: 

∆𝑙 = 𝑙 − 𝑙0     (38.3) 

are small compared to the original length 𝑙0, we can say that: 
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and further: 

𝑙 = 𝑙0[1 + 𝛼𝑙(𝑇 − 𝑇0)]    (38.5) 

where 𝑇0 is the initial temperature. 

From equation (38.5), determine the linear expansion coefficients 𝛼. Usually this result 

is represented as the product of 106. 

 

Task 2 

If the temperature changes Δ𝑇 are not too big, the change in length Δ𝑙 is proportional to 

the original length 𝑙0 (see equation (38.4)). 

 

NOTE: 

Grüneisen equation: 
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is compressibility, and 
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is the heat capacity of the solid (𝑈 = internal energy), means the relationship between the 

mechanical and thermal properties of the solid. The Grüneisen coefficient 𝛾 is defined as the 

change in the frequency 𝜐 of the crystal mesh vibrations with the volume: 
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and can be determined from macroscopic values according to equation (38.6). 


