
IDEAL GASES 
1. The pressure p of an ideal gas is given by the  expression 

 
(a) Explain the meaning of the symbol <c2>. 

 

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

........................................................................................................................................................... [2] 

  (b) The ideal gas has a density of 2.4 kgm–3 at a pressure of 2.0 × 105 Pa and a temperature of 300 K. 

     (i) Determine the root-mean-square (r.m.s.) speed of the gas atoms at 300 K. 

 

 

 

 

 

 

 

 

 

 

 

 

 

r.m.s. speed = .................................. m s–1 [3] 

    (ii) Calculate the temperature of the gas for the atoms to have an r.m.s. speed that is twice that calculated 

in (i). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

temperature = ......................................... K [3] 

 

2. (a) (i) The kinetic theory of gases leads to the equation 

 

              Explain the significance of the quantity   

 

 ……………….................................................................................................................................. 
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  (ii) Use the equation to suggest what is meant by the absolute zero of temperature. 

 

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

               ………………............................................................................................................................[3] 

   (b) Two insulated gas cylinders A and B are connected by a tube of negligible volume, as shown in 

Figure. 

 

 

Each cylinder has an internal volume of 2.0 × 10–2m3. Initially, the tap is closed and cylinder A contains 

1.2 mol of an ideal gas at a temperature of 37 °C. Cylinder B contains the same ideal gas at pressure 1.2 × 

105 Pa and temperature 37 °C. 

(i) Calculate the amount, in mol, of the gas in cylinder B. 

 

 

 

 

 

 

 

amount = ......................................... mol 

(ii) The tap is opened and some gas flows from cylinder A to cylinder B. Using the fact that the total 

amount of gas is constant, determine the final pressure of the gas in the cylinders. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

pressure = ........................................ Pa 

[6] 
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3. If an object is projected vertically upwards from the surface of a planet at a fast enough speed, it can 

escape the planet’s gravitational field. This means that the object can arrive at infinity where it has zero 

kinetic energy. The speed that is just enough for this to happen is known as the escape speed. 

 (a) (i) By equating the kinetic energy of the object at the planet’s surface to its total gain of potential 

energy in   going to infinity, show that the escape speed v is given by 

            where R is the radius of the planet and M is its mass. 

 

 

 

 

 

 

 

 

 

 

        (ii) Hence show that 

       where g is the acceleration of free fall at the planet’s surface. 

 

 

 

 

[3] 

 (b) The mean kinetic energy Ek of an atom of an ideal gas is given by 

 
where k is the Boltzmann constant and T is the thermodynamic temperature. 

Using the equation in (a)(ii), estimate the temperature at the Earth’s surface such that helium atoms of 

mass 6.6 × 10–27 kg could escape to infinity. 

You may assume that helium gas behaves as an ideal gas and that the radius of Earth is 6.4 × 106m. 

 

 

 

 

 

 

 

 

 

 

temperature = ........................................ K [4] 

 

4. (a) Outline an experiment which demonstrates that the molecules in a gas are in perpetual random 

motion. 

 

...............................................................................................……...........................................................

...............................................…….........................................................................................................
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…………………………………………………………………………………………………………

……………………………………………………………………………………………………… [3] 

    (b) The pressure p of an ideal gas is given by both of the following equations. 

 
       (i) Use the equations to show that the average translational kinetic energy of a molecule is proportional 

to the temperature T. 

 

 

 

 

 

[3] 

 

 

       

 (ii) Calculate the average kinetic energy of a molecule of an ideal gas at a temperature of 27 °C. 

 

 

 

 

 

 

 

 

 

kinetic energy = ......................... J [2] 

       (iii) Explain why the answer to (ii) is independent of the mass of the gas molecules. 

 

.............................................................................................……....……...........................................

.............................................................…….……..............................................................................

..........................……..…..……………………………………………………………………… [2] 

      (iv) A laboratory contains 2600 mol of air at a temperature of 27 °C. Calculate the total kinetic energy 

of all the molecules of air in the laboratory. 

 

 

 

 

 

 

 

 

 

kinetic energy = .............................. J [2] 
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5. 
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6. 

 
{Q. 2/41 & 42 Variant/ June 2014} 
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7. 
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(c) From Thermal properties of Materials chapter                                                                         [3] 

{Q. 2/41 & 43 Variant/ June 2013} 

 

8. 
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 {Q. 2/41 & 43 Variant/ June 2016} 

 

9. 
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{Q. 2/42  Variant/ June 2016} 

Marking Key 

Q.1 to Q. 5) To be practiced in class 
 

Q. 6. {Ref.: Q. 2/41 & 42 Variant/ June 2014} 
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7. {Ref.: Q. 2/41 & 43 Variant/ June 2013} 

 
 
8. {Ref.: Q. 2/41 & 43 Variant/ June 2016} 

 
 
9. {Ref.: Q. 2/42  Variant/ June 2016} 
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