
Thermal Expansion 

Purpose:  To find the coefficient of thermal expansion for copper, steel and aluminum 

Equipment:  Thermal expansion apparatus with three rods, foam cover and tubing 
     Metersticks 
     Pasco steam generator 
     Wood block 
     Hand-held DMM with banana leads 
     Small cup to collect condensation 

Setup: 

!       
Figure: Here you can see that the apparatus is raised on the end opposite the micrometer.  Also, the steam generator is connected at 
the end opposite the micrometer.  The foam block is around the thermistor connector.   

Background:  Most materials expand when heated through a temperature range that does not produce a phase change.  The 
added heat increases the average amplitude of vibration of the atoms in the material which increases the average 
separation between the atoms. 

If an object is length L at some initial temperature Ti is heated to temperature Tf , the increase in length ΔL = Lf – Li is 
characteristic of the composition of the object.  The coefficient of linear expansion α is given by: 

 α!  

Procedure:   
1. Measure L, the length of the copper tube at room temperature.  Measure from the inner edge of the stainless steel 

pin on one end, to the inner edge of the angle bracket at the other.  Record your value with uncertainty. 
2. Fill the steam generator about 2/3 full of water and turn it on with the dial at 7.  Do not connect it, just let it warm. 
3. Mount the copper tub in the expansion base as shown.  The stainless steel pin on the tube fits into the slot and the 

bracket should be snug against the spring arm of the dial gauge.   
4. Attach the thermistor lug to the thumbscrew to insure maximum contact with the tube.  Put the foam insulator 

over the thermistor lug.   
5. Connect an ohmmeter to the banana plug connected labeled THERMISTOR. 
6. Measure and record Ri for the resistance at room temperature.   
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7. Place the wood block under the end of the expansion base opposite the gauge and a cup to collect condensation at 
the other.  

8. Turn the outer casing of the dial gauge to align the zero point on the scale with the long indicator needle.  As the 
tube expands, the indicator needle will move counterclockwise.   

9. Connect the steam generator using the black tubing provided.  Watch R and the dial.  When the thermistor 
resistance stabilizes, record R hot and ΔL.  Each increment on the dial gauge is equivalent to 0.01 mm of tube 
expansion.   

10. Repeat for steel and aluminum.   

Analysis:   
Using the conversion for the thermistor resistance, Find the temperature of the rod initially and finally.  The uncertainty 
stated by Pasco for the thermistor is ±0.2ºC.   

Calculate α for each of the rods and the absolute uncertainty using the partial derivative method.   

Are your values within uncertainty of the accepted values?  

αcu = 17.6 x 10 -6 /ºC 
αsteel = 11.3 to 13.5 x 10 -6 /ºC 
αal = 23.4 x 10 -6 /ºC 
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