
 

FYSP103 / K1   GAS THERMOMETER  

Goals for the measurement 

 To illustrate the functioning of the gas thermometer and the equation of state of 

ideal gases 

 To apply the graphical data and error analyses in practice 

In the exercise you’ll study the basic pVT-law (equation of state) of ideal gases by 

measuring pressure (p) of a gas as a function of temperature (T) keeping volume (V) 

constant. From the results you may deduce an estimate for the absolute-zero tempera-

ture. With a gas thermometer, you can measure temperatures very precisely, because of 

the simple relation between temperature and pressure. A weakness of this device is the 

slowness, which can be seen in the great amount of waiting during this measurement. 

With results and errors, graphical methods are used. 

1. Introduction 

 The equation of state of ideal gases (with certain assumptions) is 

 pV = nRT,        (1) 

where p is the pressure, V the volume, T the temperature, n the amount (in moles) and R 

the gas constant (R = 8,314 J/moleK). Often eq. (1) is written in form 

constant
T

pV
        (2) 

In case of gas thermometer, eq. (1) is even simpler, because the volume V is con-

stant .Before measurements solve following exercise: 

Exercise: When you heat a house, part of the air inside will leak out since pressures in- 

and outside have to remain equal. Assume that temperature inside rises from 10 °C to 

22 °C.  How big relative amount of the air inside will leak out? If the house would be 

absolute tight the pressure difference between in- and outside would increase. Starting 

from pressure Pa510*0100,1 , (in- and outside) what would be the pressure of the warm 

house? What is the force the pressure difference will cause onto a 1 m
2
 window? Do 

you think the window would stand the force? 
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2. The equipment 

You have at your disposal a tight brass-chamber, which has build in temperature and 

pressure meters with leads outside. The volume of the chamber remains (practically) 

constant. The temperature is measured with a thermos element (a temperature de-

pendent resistor) whose potential difference is transformed directly into temperature 

with a general purpose meter (GPM) and pressure with a Digitron Manometer (study 

the manual) or Pasco pressure sensor and Capstone software. Both are differential 

pressure meters, which mean that they measure a pressure difference between two 

points. The other lead is in the room pressure so you have to read that from an external 

meter to define the pressure inside the chamber. The temperature of the chamber is 

controlled by placing it in a heat reservoir. Another setup that can be used here is the 

Absolute Zero Apparatus by Pasco, which is a constant volume sphere equipped with 

temperature and pressure sensors. This device can be used in connection with the 

Capstone software or the Xplorer GLX data logger. Table instructions for this setup are 

available in the student laboratory. 

 

3. Experiment 

First measure the pressure and the temperature of the chamber in room conditions. 

Place the chamber into the heat reservoir equipped with a thermostat. Measure several 

(p,T)-values. Notice that the thermometer reacts much slower than the pressure meter 

so it takes some time to reach stable conditions. The temperature of the heat reservoir 

remains stable within a degree. Even in the equilibrium the readings of the two ther-

moelements may not be quite the same due to systematic error caused (possibly) by the 

calibration. Discuss this (problem) in your report. Hint. During measurements (at those 

points where you have nothing to do), you should think the questions below. 

 

4. Results 

Draw a p(T)-curve and answer the following questions. 

Questions: 
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1. According to the theory, what kind of is the relation of the temperature and pressure 

when the volume is kept constant? 

2. How well the assumption of the chamber staying in constant volume is valid? Jus-

tify your argument thoroughly, no guessing here! 

3. Would there be a difference in the results if some different gas were used? What 

results would change if the same amount of different gas or different amount of the 

same gas were used? 

4. What can you say about the validity of the relation in question 1? 

5. From your results deduce the absolute zero temperature (with error analysis). What 

are the main reasons for the (possibly) false result? 


