
24. Investigation of thermal expansion of air 
 

(1 week, 9 points) 

 

Issues: ideal gas, equation of ideal gas, linear and volumetric expansion coefficient, ideal gas expansion 

coefficient at constant pressure. 

 
Literature: Res80,683÷696; Res98,571÷581; Szy75, 259÷261; Szy99, 405÷406; Szy2,297÷305. 

 

 
The purpose of the experiment is to study the changes in air volume under the influence 

of temperature changes at constant pressure. 

 

1. Idea of the experiment. 

 

The experimental setup consists of a sealed vessel immersed in a water bath (kettle), 

which is connected by a tube with a measuring cylinder turned upside down (Fig.24.1). The 

bottom edge of the cylinder is immersed in water. The cylinder position can be changed so that 

the system has a constant pressure equal to atmospheric pressure. Rise of temperature in volume 

V increases the volume of air that pushes water out of the cylinder. 

The system has a second vessel (volume V) for volume determination. 

 
Fig. 24.1 Experimental setup for measurements of thermal expansion of gases. 

 

 

2. Performance of the experiment. 

 

Pour cold water into the kettle so that the V vessel is completely submerged. Open the 

Z valve and place the measuring cylinder as low as possible referred to the surface of the water. 

Close the Z valve and start the actual measurements. Read the temperature indicated by the 

thermometer T. Select the position of the measuring cylinder so that water surfaces inside and 

outside of the cylinder were at the same level (in the situation shown on Fig 24.1 the levels are 

not the same so the cylinder should be lowered). Read the level position on the measuring 

cylinder. 

Turn on the water heater and change the temperature in the vessel V. Heater is powered 

by an autotransformer which allows to change the heating rate and determine specific 

temperature in the V vessel. Once you are sure that the V vessel has reached the temperature 



indicated by the thermometer, correct the position of the measuring cylinder (water surfaces at 

the same level!) and read again the position of the water level. 

During the experiment, we measure the room temperature with a second thermometer 

(temperature of measuring cylinder). We also determine the volume of the vessel V using 

another measuring cylinder. 

 

3. Analysis of the results. 

 

We assume that the measuring cylinder is constantly at T0 and that atmospheric pressure 

is equal to p0. In volume V and in the cylinder and connecting tube there is a fixed number of 

moles of air. Let's assume that air is a perfect gas. In volume V at temperature T is n1 moles of 

air, then from the ideal gas low we have: 

𝑝0𝑉 = 𝑛1𝑅𝑇      (24.1) 

There are n2 moles of air in the cylinder and tube so: 

𝑝0(𝑉0 + ∆𝑉0) = 𝑛2𝑅𝑇0                (24.2) 

where V0 + V is the volume of air at temperature T0 in the cylinder and tube and V0 the volume 

of air at temperature T0 in the cylinder and tube when the temperature in the vessel V is T0. We 

see that V0 is the volume increase in the measuring cylinder due to the temperature change 

from T0 to T. 

Because n1 + n2 = const, so: 

𝑝0𝑉

𝑅𝑇
+
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after transformation we get: 
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We see that relative volume changes are related to a linear relationship with the ratio of 

ambient and water bath temperature, and the proportionality factor is -1. 

The measurement results should be presented on a graph with V0/V and T0/T axes. If 

the measuring points are arranged in a straight line, we find its coefficient and we discuss the 

obtained results. 


