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1 A student is investigating simple harmonic motion using an electric vibrator. A plate is attached to
the top of the electric vibrator. A small mass is placed on the metal plate as shown in Fig. 1.1.

metal plate
small mass

vibrator

Fig. 1.1
An alternating potential difference (p.d.) is applied to the vibrator. For a given peak p.d. V, there
is a maximum frequency f at which the small mass remains in contact with the plate. The contact
between the small mass and plate is lost when the frequency is greater than f.
It is suggested that the relationship between fand Vis

k = n?f2V
where kis a constant.
Design a laboratory experiment to test the relationship between fand V. Explain how your results
could be used to 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,
(b) the measurements to be taken,
(c) the control of variables,

(d) the analysis of the data,

(e) the safety precautions to be taken.
[13]
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2 A student is investigating the performance of a motor vehicle.

The vehicle is driven at a constant speed v on a test track, as shown in Fig. 2.1.

Fig. 2.1

The performance P of the vehicle is the distance travelled per unit volume of fuel, measured
in kilometres per litre (km1~). This is obtained from the vehicle’s computer system.

The experiment is repeated for different speeds.
It is suggested that P and v are related by the equation
P = kv™
where kand m are constants.
(a) A graph is plotted of Ig P on the y-axis against Ig v on the x-axis.

Determine expressions for the gradient and y-intercept.

gradient = ...

Y-INtercept = oo
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(b) Values of vand P are given in Fig. 2.2.

v/kmh1 P/km 1! lg (v/kmh™) lg (P/km177)
50 20.5+0.5
61 16.0 £ 0.5
71 13.0+ 0.5
80 11.0x+ 0.5
90 9.5+0.5
99 8.0+05
Fig. 2.2

Calculate and record values of Ig (v/kmh~') and Ig (P/km ') in Fig. 2.2.
Include the absolute uncertainties in Ig (P/km171).

(c) (i) Plota graph of Ig (P/kmI~') against Ig (v/kmh™).

Include error bars for Ig (P/km 7).

(ii) Draw the straight line of best fit and a worst acceptable straight line on your graph.

Both lines should be clearly labelled.

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

Y-INtercept = ..o 2]

(d) (i) Using your answers to (a), (c)(iii) and (c)(iv), determine the values of k and m. You
need not be concerned with the units of kand m.

K = e
M = e
(2]
(ii) Determine the percentage uncertainty in k.
percentage uncertainty in K= .......cccoiiieiiiiniiie %
(1]

To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge International
Examinations Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download at www.cie.org.uk after
the live examination series.
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1 A student is investigating how the intensity of the reflection of sound from a wall varies with

the thickness of foam attached to the wall, as shown in Fig. 1.1.

wall

foam

Fig. 1.1

It is suggested that the intensity I of the reflected sound is related to the thickness t of the
foam by the relationship

I=Ie !

where I is the intensity of the sound before reflection, o is the density of the foam and « is a
constant.

Design a laboratory experiment to test the relationship between I and t. Explain how your
results could be used to determine a value for a. You should draw a diagram, on page 3,
showing the arrangement of your equipment. In your account you should pay particular
attention to

(a) the procedure to be followed,

(b) the measurements to be taken,

(c) the control of variables,

(d) the analysis of the data,

(e) the safety precautions to be taken.
[13]
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2 A student is investigating a circuit containing two horizontal parallel plates separated by an
insulator.

The circuit is set up as shown in Fig. 2.1.

O
/
/
vibrating )\/
reed switch
I
+0 I —plate
power
supply
— O ————————————
area of I
overlap
w
+—plate
Fig. 2.1

An experiment is carried out to investigate how the current I varies with the area X of overlap
of the parallel plates. The student measures the length [ of overlap. To determine the area X
of overlap, the student uses the relationship

X=wl

where w is the width of the plates.

It is suggested that I and X are related by the equation
I _¢E

X d

where E is the e.m.f. of the power supply, fis the frequency of the vibrating reed switch, dis
the separation of the two parallel plates and ¢ is a constant.

(a) A graph is plotted of I on the y-axis against X on the x-axis.
Determine an expression for the gradient.

gradient = ... [1]
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6
(b) The width w of the plates has a value of 0.300 + 0.005m.

Values of land I are given in Fig. 2.2.

I/m I/107%A
0.160 + 0.005 4.6
0.180 + 0.005 5.3
0.210 = 0.005 6.2
0.240 + 0.005 71
0.270 = 0.005 8.0
0.300 + 0.005 8.8
Fig. 2.2

Calculate and record values of X/1072m? in Fig. 2.2. Include the uncertainties in X. [3]
() (i) Plota graph of I/107%A against X/1072mZ. Include error bars for X. [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) (i) Using your answers to (a) and (c)(iii), determine the value of & Include an
appropriate unit.

Data: E=12.0+0.2V, f=400 + 10Hz and d = 0.0030 + 0.0002m.

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

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

(e) The experiment is repeated with two square plates of length 0.500 + 0.001 m which
completely overlap. Determine the frequency f of the reed switch that will produce a
current of 5.0 + 0.1 pA. Include the absolute uncertainty in your answer.

Data: E=12.0+0.2V and d=0.0030 + 0.0002m.

To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge International
Examinations Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download at www.cie.org.uk after
the live examination series.
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1 A student is investigating simple harmonic motion using an electric vibrator. A plate is attached to
the top of the electric vibrator. A small mass is placed on the metal plate as shown in Fig. 1.1.

metal plate
small mass

vibrator

Fig. 1.1
An alternating potential difference (p.d.) is applied to the vibrator. For a given peak p.d. V, there
is a maximum frequency f at which the small mass remains in contact with the plate. The contact
between the small mass and plate is lost when the frequency is greater than f.
It is suggested that the relationship between fand Vis

k = n?f2V
where kis a constant.
Design a laboratory experiment to test the relationship between fand V. Explain how your results
could be used to 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,
(b) the measurements to be taken,
(c) the control of variables,

(d) the analysis of the data,

(e) the safety precautions to be taken.
[13]
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2 A student is investigating the performance of a motor vehicle.

The vehicle is driven at a constant speed v on a test track, as shown in Fig. 2.1.

Fig. 2.1

The performance P of the vehicle is the distance travelled per unit volume of fuel, measured
in kilometres per litre (km1~). This is obtained from the vehicle’s computer system.

The experiment is repeated for different speeds.
It is suggested that P and v are related by the equation
P = kv™
where kand m are constants.
(a) A graph is plotted of Ig P on the y-axis against Ig v on the x-axis.

Determine expressions for the gradient and y-intercept.

gradient = ...

Y-INtercept = oo
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(b) Values of vand P are given in Fig. 2.2.

v/kmh1 P/km 1! lg (v/kmh™) lg (P/km177)
50 20.5+0.5
61 16.0 £ 0.5
71 13.0+ 0.5
80 11.0x+ 0.5
90 9.5+0.5
99 8.0+05
Fig. 2.2

Calculate and record values of Ig (v/kmh~') and Ig (P/km ') in Fig. 2.2.
Include the absolute uncertainties in Ig (P/km171).

(c) (i) Plota graph of Ig (P/kmI~') against Ig (v/kmh™).

Include error bars for Ig (P/km 7).

(ii) Draw the straight line of best fit and a worst acceptable straight line on your graph.

Both lines should be clearly labelled.

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

Y-INtercept = ..o 2]

(d) (i) Using your answers to (a), (c)(iii) and (c)(iv), determine the values of k and m. You
need not be concerned with the units of kand m.

K = e
M = e
(2]
(ii) Determine the percentage uncertainty in k.
percentage uncertainty in K= .......cccoiiieiiiiniiie %
(1]
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