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1 Two students are having a discussion about an experiment in which the air inside a bell jar is
gradually removed. The sound of a ringing bell inside the jar is heard to decrease in intensity during
this process.

One student suggests that the frequency f of a sound wave and the pressure p are related by the
equation

f=kp?
where Kk is a constant.

Design a laboratory experiment to test the relationship between f and p and determine a value for
k. You should draw a diagram, on page 3, showing the arrangement of your equipment. In your
account you should pay particular attention to:

the procedure to be followed,

the measurements to be taken,
the control of variables,

the analysis of the data,

the safety precautions to be taken.

[15]
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In the early part of the twentieth century, experiments were carried out to measure the
range R and energy E of a-particles in air using a number of different radioactive nuclides in the

thorium series.

It is suggested that R and E are related by the equation

R=cE?2

where c is a constant.

(a) Agraphis plotted of R? on the y-axis against E2 on the x-axis. Determine an expression for the
gradient in terms of c.

gradient = ... [1]
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(b) Values of R and E for a set of nuclides are given in Fig. 2.1.

R/107?m E/MeV

4.00 £0.05 5.38

4.35+0.05 5.68

4.80 £ 0.05 6.05

5.05+0.05 6.28

5.70 £0.05 6.77
Fig. 2.1
Calculate and record values of R?/10™#m? and E3/MeV? in Fig. 2.1. Include the absolute
uncertainties in R?. [3]
(c) (i) Plota graph of R?/10*m? against E3/MeV2. Include error bars for R2. [2]

(i) 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) Using your answer to (c)(iii), determine the value of c. Include the absolute uncertainty in your
value and an appropriate unit.

(e) The experiment is repeated for a different nuclide.
The range measured is 5.95 + 0.05cm.

(i) Using the relationship given and your answer to (d), determine the corresponding value
of E.

E = MeV [1]

(i) Determine the percentage uncertainty in E.
percentage UNCErtaiNty = .........ccoeuriiiiirireeeeeennniiiiieeeeeee e % [1]
[Total: 15]
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