
Physics 110 

1st Year Seminar in Physics:  Entropy 

Laboratory 2:  Energy and temperature 

 

 In this lab, we will investigate the relation between work and heat.  We repeatedly drop a 

sample of lead shot of mass m down a closed tube of length L.  We do work mgL on the lead shot 

by lifting it to the top of the tube.  (Note that g = 9.80 m/s
2
, the acceleration of gravity.)  When 

the shot falls to the bottom of the tube, this is first turned into kinetic energy and then into 

internal energy of the shot.  Assuming that no energy leaks into the walls or end cap of the tube, 

the internal energy of the shot increases by mgL per drop.  Thus, if we drop the shot N times, 

        . 

 The heat capacity of the lead shot it C = mc, where c is the specific heat capacity of lead.  

The increase in the shot's internal energy is related to its temperature change by         
    .  Let TN be the temperature of the shot after N drops.  Then 

 

      
  

  
 
  

 
  

 

Notice that this relation does not depend on the mass of lead m in the tube.  Thus, if we graph TN 

vs. N, we should find (1) the graph is increasing; (2) the graph is linear; and (3) the slope = gL/c. 

 

Experiment:  Specific heat capacity of lead 

 

1. Determine the length L of the tube.  Remember, this is the distance that the lead shot 

falls, not the outside length of the tube.  (You will have to estimate the difference.) 

2. Use the digital thermometer to find the initial temperature of the lead. 

3. Turn the tube over 10 times, using the paper sleeve to make sure the lead shot does not 

fall out.  Each time the shot should fall vertically all the way from the top of the tube to 

the bottom.  After you are finished 10 flips, measure the temperature of the shot. 

4. Repeat step 3 and determine the temperature after 20 flips, 30 flips, and so forth, for at 

least 80 flips. 

5. Make a graph of TN vs. N and determine the specific heat capacity of lead from your 

measurements.  How does it compare with that of water, which is 4186 J/kgºC? 

 

Note on systematic error:  Heat transfer 

 

Heat absorbed by the tube is a systematic error in this experiment, 

since it always decreases the temperature of the lead.  This can be 

observed in two ways.  First, if the temperature of the lead is high 

enough, then it will lose its heat quickly.  This means that your graph 

will "bend over" as shown.  (When the lead gets warm enough, the 

work done is balanced by heat escape and the graph stays flat.)  The 

second indication of this heat transfer is a comparison of your result 

with the tabulated specific heat capacity of lead.  Should your measured value be higher or lower 

than the actual heat capacity?  After you make your own determination, ask the instructor for a 

textbook value of c to compare your data with. 


