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No additional materials are needed.

INSTRUCTIONS

 ● Answer all questions.

 ● Use a black or dark blue pen. You may use an HB pencil for any diagrams or graphs.

 ● Write your name, centre number and candidate number in the boxes at the top of the page.

 ● Write your answer to each question in the space provided.

 ● Do not use an erasable pen or correction fluid.

 ● Do not write on any bar codes.

 ● You may use a calculator.

 ● You should show all your working and use appropriate units.

INFORMATION

 ● The total mark for this paper is 30.

 ● The number of marks for each question or part question is shown in brackets [ ].
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1 A spring is attached to a strong cylindrical magnet of length L and cross-sectional area A. The 
magnet is placed on thin card on top of a magnetic sheet on the bench, as shown in Fig. 1.1.

spring

magnetic sheet

bench

cylindrical magnet

card

t

Fig. 1.1 

 The thickness of the card is t. The magnetic flux density at one of the poles of the magnet is B.

 A force is applied upwards to the spring. The extension of the spring when the magnet just leaves 
the card is s.

 It is suggested that s is related to t by the relationship

ks = 
ALBZ

t

 where k is the spring constant of the spring and Z is a constant.

 Plan a laboratory experiment to test the relationship between s and t.
 
 Draw a diagram showing the arrangement of your equipment.

 Explain how the results could be used to determine a value for Z.

 In your plan you should include: 

 ● the procedure to be followed

 ● the measurements to be taken

 ● the control of variables

 ● the analysis of the data

 ● any safety precautions to be taken.
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Indendent variable thicknessof the card t

Dependentvariable extention of the spring s

Control Variables Area of magnet A Lenghofmagent c

Springconstant k magneticfluxdensity F

Vary t and measure s

Set up the experiment as shown in thediagram
thickness ofthe card is to be measured by the micrometer
use 10 different thickness
Measure extenison of the spring by themeterrude
first measure original length then

Ext SL 0L
Measure diameter by veniarcchipe micromet and
apply to get Area
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to Find magneticfluxdensity use the Hall probe
Put is close to the magnet and change its angles
until maximum reading is there
Newton meter is used to measure theforce

Analysis S to be plotted on y axis to

be plotted on x axis

graph should be straight line passing
from

the origin 0,0
gradient Alec graff

2 tocalc
z

Spring constantshould be measured attach a loadand
note extention use E k to find k
Set square is used to keep scale perpendicular
second set square is used to keed distance constant

Note values of thicknessfrom different parts and take

average
Repeat Experiment few times and averagethevalues
Measure readings on eye level to reduce chanceof
parallex error
Safely
Use a clamp for holdingspring so it doesn't falland
cause destruction keep mattelic things away
Spring should be attachedproperly so that umagnet
dosen't fall on hand
wear gloves when dealingwith sharp edges
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2 A student investigates the resonant frequency of a metal rod. The metal rod of length L is 
suspended from two rubber loops. A sensitive microphone with a cone is positioned at one end of 
the rod. The microphone is attached to an oscilloscope, as shown in Fig. 2.1.

bench

rodhammer

rubber loop

to oscilloscope

cone

microphone

stand

Fig. 2.1 (not to scale)

 The rod is hit gently with a hammer. 

 The period T of the trace produced on the oscilloscope is determined. 
 
 The experiment is repeated for different values of L.

 It is suggested that T and L are related by the equation 

T = 
2Ln

C

 where C and n are constants.

 (a) A graph is plotted of lg T on the y-axis against lg L on the x-axis.

  Determine expressions for the gradient and y-intercept.

 gradient =  ...............................................................

 y-intercept =  ...............................................................
 [1]
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 (b) Values of L and T are given in Table 2.1.

Table 2.1

L / cm T / 10–5 s lg (L / cm) lg (T / 10–5 s)

54 24 ± 1 

70 32 ± 1 

86 39 ± 1 

108 49 ± 2 

140 64 ± 2 

167 74 ± 2 

  Calculate and record values of lg (L / cm) and lg (T / 10–5 s) in Table 2.1.
  Include the absolute uncertainties in lg T. [2]
 
 (c) (i)  Plot a graph of lg (T / 10–5 s) against lg (L / cm). Include error bars for lg T. [2]

  (ii) Draw the straight line of best fit and a worst acceptable straight line on your graph. Label 
both lines. [2]

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

 gradient =  .........................................................  [2]
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  (iv) Determine the y-intercept of the line of best fit. Include the absolute uncertainty in your 
answer.

  
 y-intercept =  .........................................................  [2]

 (d)  Using your answers to (a), (c)(iii) and (c)(iv), determine the values of n and C. Include the 
absolute uncertainties in your values. You need not be concerned with units.

 n =  ...............................................................

 C =  ...............................................................
 [3]

 (e) The experiment is repeated. Determine the length L of the rod that gives a value of T of 
0.10 ms. 

 L =  ...................................................  cm [1]

 [Total: 15]

To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge 

Assessment International Education Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download 
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