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2 A student is investigating how a volume of nitrogen gas is affected by the pressure exerted 
on it.

 A sample of nitrogen gas is trapped in a vertical tube of uniform cross-sectional area by a 
small volume of oil. Pressure is applied by a pump. The applied pressure is measured on a 
gauge, as shown in Fig. 2.1.

pressure gauge

pump

air

oil

nitrogen
h

Fig. 2.1

 The temperature T of the nitrogen is 290 K.

 An experiment is carried out to investigate how the height h of nitrogen trapped in the tube 
varies with the pressure p.

Question 3  continues on the next page.
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 It is suggested that p and h are related by the equation

pAh = NkT

 where A is the cross-sectional area of the tube, k is the Boltzmann constant and N is the 
number of molecules of nitrogen gas.

 (a) A graph is plotted of p on the y-axis against 1
h

 on the x-axis. Express the gradient in 
terms of N.

     gradient = ..................................................[1]

 (b) Values of p and h are given in Fig. 2.2.

p / 105 Pa h / 10–3 m

1.10 400 ± 5

1.22 360 ± 5

1.38 320 ± 5

1.57 280 ± 5

1.83 240 ± 5

2.09 210 ± 5

Fig. 2.2

  Calculate and record values of 1
h

 in Fig. 2.2. Include the absolute uncertainties in 1
h

 .

 [3]

 (c) (i) Plot a graph of p / 105 Pa against 1
h

 / m–1. Include error bars for 1
h

. [2]

  (ii) Draw the straight line of best fit and a worst acceptable straight line on your graph.  
Both lines should be clearly labelled. [2]

  (iii) Determine the gradient of the line of best fit. Include the uncertainty in your 
answer.

     gradient = ..................................................[2]
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 (d) In this experiment, A = 3.14 × 10–6 m2 and k = 1.38 × 10–23 J K–1. Using your answer in 
(c)(iii), determine the value of N. Include the absolute uncertainty in your value. 

     N = ............................................................[2]

 (e) (i) The pressure is reduced so that p = 1.10 × 105 Pa and the temperature decreases 
by 12 ±1 K.

   Determine h using the relationship given and your answer in (d).

     h = ............................................................[2]

  (ii) Determine the percentage uncertainty in your value of h.

 percentage uncertainty = ........................................................ % [1]
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