
Physics 110 

1st Year Seminar in Physics:  Entropy 

Laboratory 1:  Ideal Gas Law 

 

In this lab, we will verify the ideal-gas equation of state: 

      . 

Here P is pressure, V  is volume, T  is absolute temperature, and    is the number of moles of gas.  

The gas constant R has a value of 8.314 J/K mol. 

 Two special cases of this equation are of interest.  If we keep the absolute temperature T 

of the gas nearly constant, then the volume will be inversely proportional to the applied pressure 

P.  That is,      .  This is called Boyle's Law. 

 Alternately, if we keep the pressure constant, then the volume of the gas is proportional 

to its absolute temperature.  That is,    .  This is called Charles's Law. 

 

 Our system is a syringe containing a sample of air.  Each of the three basic state variables 

for the gas can be determined or controlled. 

 The volume of the gas can be read from the graduated scale on the syringe, which is 

marked in cm
3
.   

 The gas in the syringe stays pretty close to the temperature of its surroundings.  If the gas 

is in room air, its temperature stays near to room temperature.  If the syringe is immersed 

in water, then the gas is near the temperature of the water.  Our thermometers measure 

conventional temperature in degrees Celsius; the conversion to absolute temperature is 

           , with a result in Kelvins. 

 The pressure of the gas can be controlled by mounting the syringe vertically and placing 

known weights on top of the piston.  The gas pressure supports this weight.  If we place a 

mass  m  on the piston, then the "gauge pressure" is    
  

  , where g = 9.8 m/s
2
 and 

A is the cross-sectional area of the syringe (which you must determine from a 

measurement of its diameter).  The total pressure is greater than this, since the outside 

pressure of the air also contributes:          . 

An additional complication comes from the fact that there is friction between the piston and 

the walls of the syringe.  You will discuss with the instructor ways to cope with this. 

 

 

Experiment 1:  Boyle's Law 

 

In this experiment, we will verify that the pressure varies inversely with volume at constant 

temperature:       
 

 
 , where C1 is a constant. 

 

1. Use your thermometer to find the absolute temperature T of the lab. 

2. Pull the plunger from the syringe.  Measure the inside diameter D of the syringe with the 

callipers; use this to determine the cross-sectional area A of the cylinder. 

3. Place a short length of fish line into the cylinder with a loose end hanging out.  Grease 

the edge of the plunger's rubber tip and push it back into the syringe, to a volume of about 

15 cm
3
.  Remove the fish line to complete the gas seal.  Mount the syringe upright. 



4. Place mass m on the plunger from 0.0 kg to 3.0 kg in increments of 0.5 kg.  Determine 

the volume for each value of m.  Push down slightly on the plunger and allow the plunger 

to spring back before each volume reading is taken.  Record the values of V for each m in 

a data table. 

5. Calculate the weight mg for each value of m, and also determine the gauge pressure Pg 

for each weight. 

6. Make a graph from your data using Igor.  On the horizontal axis put 1/V, the reciprocal of 

the volume.  On the vertical axis put Pg, the gauge pressure.  Do these data have an 

approximately linear relationship? 

7. Make a linear fit to your data and determine the slope and intercept.  Report both of these 

figures in standard form. 

8. From your results, you should be able to find the atmospheric pressure Pa.  What is it?  

Does it roughly agree with the figure we used inclass, around 100 kPa? 

9. You should also be able to determine the number of moles of gas in the syringe.  Do so 

and report your result. 

 

 

Experiment 2:  Charles's Law 

 

In this experiment, you will verify that volume is proportional to absolute temperature when the 

pressure is held constant.  That is,       , where C2 is a constant. 

 

1. Using the fish line as before, start out with about 20 cm
3
 of gas in the syringe. 

2. Immerse the syringe in water in the beaker.  Place a 2-kg mass on the plunger and bring 

the water to a boil.  Allow a few minutes so that equilibrium is achieved.  Measure V and 

TC and record these values. 

3. Turn off the hot place.  You will reduce the temperature of the water by adding ice and 

stiring until the ice is melted.  In your data table record the values of V and TC for 

temperatures of about 75º C, 50º C and 25º C.  In each case wait for the water and the 

gas to come to equilibrium.  Finally, add enough ice so that you end up with an ice-water 

mixture; again record V and TC. 

4. Make a graph with TC on the horizontal axis and V on the vertical axis.  Choose a scale 

that allows the data to be extrapolated back to V = 0.  (In effect this will mean a 

temperature scale from about -300º C to 100º C.)  Do these data have a linear 

relationship? 

5. Make a linear fit to your data and determine the slope and intercept.  Record these results. 

6. Determine from your data the temperature TC at which the volume V approaches zero.  

This is your measured value of absolute zero.   How does it compare with the standard 

value of -273.15º C? 

 

Follow the guidelines given by your instructor when you report on your lab in your lab notebook.  

Your results must be reported with units and uncertainty ("Kenyon form").  You should have a 

section containing discussion and conclusions.  In this section you should identify the sources of 

error that may have affected your measurement and classify them as systematic or random.  Also 

restate the hypothesis of each experiment and summarize how well your measurement confirm or 

falsify it. 


