
Kinetic Theory and Ideal Gases 
 
Q1. 
  
A fine-beam tube is used for investigating properties of electrons. 

An electron beam is produced inside a spherical glass bulb. The bulb contains neon gas at a 
very low pressure. 

The neon gas is at a pressure of 1.25 Pa and a temperature of 25 °C. 

Calculate the number N of neon atoms inside the bulb. 

bulb diameter = 16.0 cm 
(4) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

N = ...........................................................  

  
(Total for question = 4 marks) 

  
 
 
Q2. 
  
The photographs show a wooden pop gun before and after the cork is popped. 

 

The diagram shows a cross-section through the pop gun. 
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Initially the piston is at the right-hand end of the cylinder, as shown. Then the cork is pushed 
into the other end of the cylinder. 

When the handle is pushed in, the pressure of the air in the cylinder increases. This exerts 
an additional force on the cork. 

Once the additional force is sufficient to overcome the frictional force between the cork and 
the cylinder, the cork is pushed out. 

Calculate the root mean square speed of the molecules of air in the cylinder before the 
handle is pushed in. 

average mass of molecule of air = 4.8 × 10−26 kg  
temperature of air = 19 °C 

(2) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

Root mean square speed = ...........................................................  

  
(Total for question = 2 marks) 

  
 
 
Q3. 
  
The photographs show a wooden pop gun before and after the cork is popped. 

 

The diagram shows a cross-section through the pop gun. 
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Initially the piston is at the right-hand end of the cylinder, as shown. Then the cork is pushed 
into the other end of the cylinder. 

When the handle is pushed in, the pressure of the air in the cylinder increases. This exerts 
an additional force on the cork. 

Once the additional force is sufficient to overcome the frictional force between the cork and 
the cylinder, the cork is pushed out. 

Calculate the temperature of the gas in the cylinder at the instant the cork is expelled. 

volume of air in the cylinder with the handle pulled out = 1.1 × 10−5 m3 
volume of air in the cylinder at the moment the cork is pushed out = 6.7 × 10−6 m3 
atmospheric pressure = 1.0 × 105 Pa  
initial temperature of air = 19 °C 

(2) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

Temperature = ...........................................................  

  
(Total for question = 2 marks) 
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Q4. 
When a large potential difference is applied to a discharge tube, the gas in the discharge 
tube emits coloured light. When this light is passed through a diffraction grating, an emission 
spectrum which is made up of a series of lines of different wavelengths may be seen. 

The photographs show the spectra produced from a tube containing hydrogen and a tube 
containing helium. 

Hydrogen: 

 

Helium: 

 

The graph shows the relative intensities of different wavelengths of light in the spectrum of a 
sample of helium. 

 

The graph shows that the lines are not at a single wavelength. This effect is known as 
thermal Doppler broadening and occurs because of the random motion of the helium atoms. 

(i)  Explain why the thermal motion of the helium atoms causes the broadening of the 
spectral lines. 

(2) 
............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 
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(ii)  The width of a line may be used to determine the speed of the atoms in the gas and 
hence the temperature of the gas. 

The spectral line with wavelength 587 nm for a particular tube containing helium has a 
width of 6 × 10−3 nm. 
(1)  Show that this corresponds to a speed, for a helium atom, of about 1500 m s−1. 

(2) 
............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 
 
(2)  Assuming that this is the root mean square speed for the helium (He 4) atoms in the 
tube, calculate the temperature of the gas in the tube. 

(3) 
............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

 
Temperature = ........................................................... 

(Total for question = 7 marks) 
Q5. 

The formulae sheet for this paper includes the equation 

Derive the equation  
(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  
(Total for question = 2 marks) 
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Q6. 
  

Our understanding of the atom has developed over time, from early models in which atoms 
were considered to be hard incompressible spheres, through to the nuclear model of the 
atom and the ladder model in which electrons exist in a discrete number of allowed energy 
states. 

* The model of atoms as hard incompressible spheres, moving rapidly and randomly, can be 
used to explain why gases exert a pressure. 

Explain, using ideas of momentum, why the pressure exerted by a gas increases as the 
temperature of the gas increases. 

(6) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  
(Total for question = 6 marks) 
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Q7. 
  
Tomatoes can be made into a puree. 

The puree is heated. When the puree boils, its temperature stays constant, even though the 
puree continues to be heated. 

Explain this observation in terms of molecular energy changes. 
(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 
   

(Total for question = 2 marks) 
 
 
Q8. 
  
Barnard's star is a red dwarf star in the vicinity of the Sun. The wavelength of a line in the 
spectrum of light emitted from Barnard's star is measured to be 656.0 nm. The same light 
produced by a source in a laboratory has a wavelength of 656.2 nm. 

Visible light from the star originates from the photosphere. In the photosphere of Barnard's 
star, hydrogen and helium atoms are at a temperature of 3100 K. 

(i)  Calculate the mean kinetic energy of an atom in the photosphere at a temperature of 
3100 K. 

(2) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

Mean kinetic energy = ...........................................................  
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(ii)  Describe how these atoms emit visible light. 
(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  
(Total for question = 4 marks) 

  
 
 
Q9. 
  
Air is trapped in a glass tube. When the air is forced into a smaller volume at a constant 
temperature, the pressure increases. 

Which of the following statements about air molecules is a reason why the pressure the 
trapped air exerts on the tube increases? 

   A    The molecules have a greater mean kinetic energy. 

   B    The molecules make more frequent collisions with each other. 

   C    The molecules make more frequent collisions with the walls of the tube. 

   D    The molecules experience a greater change in momentum when they collide with 
the tube. 

 
  

(Total for question = 1 mark) 
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Q10. 
  
A sample of an ideal gas has pressure p, volume V and absolute temperature T. 

The volume of the gas is decreased to  and the temperature increased to  

Which of the following is the new pressure of the gas? 

   A     

   B     

   C     

   D     

 
  

(Total for question = 1 mark) 
  
 
Q11. 
  
At the Culham Centre for Fusion Energy (CCFE) experiments are carried out to investigate 
nuclear fusion and the properties of plasmas. A plasma consists of ionised gas, containing 
positive ions and electrons. 

In a plasma experiment 5.0 mg of deuterium, an isotope of hydrogen, occupies a volume of 
98 m3. The temperature of deuterium is raised to 1.3 × 108 K. In this experiment, the 
deuterium behaves as an ideal gas. 

(i)  Calculate the pressure due to the deuterium ions. 
mass of deuterium ion = 3.3 × 10−27 kg 

(3) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

Pressure = ...........................................................  
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(ii)  Calculate the root mean square speed of the deuterium ions at this temperature. 

(2) 
 .............................................................................................................................................  

 .............................................................................................................................................  

Root mean square speed = ...........................................................  

 
(iii)  The temperature of the plasma is monitored using the Doppler effect. Light from a laser 
is directed into the plasma and the wavelength of the light reflected is measured. 

The Doppler shift observed when light is reflected by a deuterium ion is twice the Doppler 
shift that would be observed for a source of light moving at the same speed as the deuterium 
ion. 

Calculate the maximum wavelength of light that would be detected after reflection from a 
deuterium ion moving at 1.5 × 106 m s−1. 

wavelength of laser light = 1064 nm 
(3) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

Maximum wavelength detected = ...........................................................  
(Total for question = 8 marks) 

Q12. 
For an ideal gas pV = NkT and  

Use these relationships to show that the mean kinetic energy of a gas molecule is 
proportional to the absolute temperature. 

(2) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  
(Total for question = 2 marks) 
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Q13. 
  
The molecules in a sample of gas have a mass of 5.0 × 10−26 kg. 

Calculate the root-mean-square speed of gas molecules in the gas at 25 °C. 
(3) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

Root-mean-square speed = ...........................................................  

  
(Total for question = 3 marks) 
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Q14. 
  
An electric drinks cooler is an appliance consisting of a thermally insulated compartment and 
a heat pump that transfers heat from the inside of the cooler to the room in which the cooler 
is placed. 

This maintains the temperature of the inside of the cooler below the temperature of the 
room. 

 

 

 
On closing the door of the cooler, warm air at atmospheric pressure and at a temperature of 
22.5°C is trapped inside. After a time, the internal temperature stabilises at 3.3°C. 

A student notices that the door is difficult to open and concludes that this is because the air 
inside has cooled down and reduced the pressure. 

Carry out a calculation to assess the validity of the student's conclusion. 

atmospheric pressure = 102 kPa 

area of door = 0.15 m2 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  
   

(Total for question = 7 marks) 
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Q15. 
  
A gas cylinder of volume 0.052 m3 contains oxygen gas at a temperature of 22°C and a 
pressure of 2.0 × 105 Pa.  
Some of the oxygen in the cylinder is used and the gas pressure falls to 1.6 × 105 Pa.  
The temperature remains constant. 

Calculate the number of molecules removed from the cylinder 
(3) 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

 
Number of molecules removed = ........................................................... 

  
(Total for question = 3 marks) 

Q16. 
  

When the absolute temperature of an ideal gas is doubled, the internal energy of the gas 
changes by a factor of 

   A    1 

   B    √2 

   C    2 

   D    4 

 
 
  

(Total for question = 1 mark) 
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Q11. 
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