
This document consists of 8 printed pages.

DC (LB) 186901

© UCLES 2019 [Turn over

*
4
2
0
7
8
6
5
6
5
0
*

PHYSICS 9702/51
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1 When a light plastic ball is placed in a vertical column of moving air, the ball becomes stationary at 
a height h, as shown in Fig. 1.1. 

h

ball

air blower

moving air

Fig. 1.1

 A student is using an air blower to create the vertical column of moving air. The student connects 
the motor of the air blower to a d.c. power supply. 

 It is suggested that the relationship between the radius r of the ball and h is

r gh

3

4
3

r

 = PK

 where g is the acceleration of free fall, P is the power of the motor and K is a constant.

 Design a laboratory experiment to test the relationship between r and h.
 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

• the measurements to be taken

• the control of variables

• the analysis of the data

• any safety precautions to be taken.
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2 A student is investigating the oscillations of a mass attached to two springs connected in series, 
as shown in Fig. 2.1.

mass

springs

Fig. 2.1

 A stopwatch is used to measure the time t for 10 oscillations. The measurement of t is repeated 
and the average period T is determined.

 The experiment is repeated for different masses.
 
 It is suggested that T and mass M are related by the equation

T = 
k

M2
q

r

 
 where k is the spring constant of the two springs in series and q is a constant.

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

  Determine expressions for the gradient and the y-intercept.

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

 y-intercept =  ...............................................................
 [1]
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 (b) Values of M, lg (M / g) and measurements of t are given in Fig. 2.2.

M / g t / s t / s T / s lg (M / g) lg (T / s)

155 15.2 16.0 2.190

205 18.3 17.5 2.312

250 19.3 20.1 2.398

305 21.0 21.8 2.484

355 23.5 22.7 2.550

410 24.1 24.9 2.613

Fig. 2.2

  Calculate and record values of T / s and lg (T / s) in Fig. 2.2.
  Include the absolute uncertainties in T / s and lg (T / s). [4]

 (c) (i) Plot a graph of lg (T / s) against lg (M / g).
   Include error bars for lg (T / s). [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 absolute uncertainty in your 
answer.

 gradient =  .........................................................  [2]

Physics · 2019 · Oct/Nov · Paper 51 · QP · Cambridge
GradeMax



7

9702/51/O/N/19© UCLES 2019 [Turn over

2.1
0.18

0.20

0.22

0.24

0.26

0.28

0.30

0.32

0.34

0.36

0.38

0.40

2.2 2.3 2.4 2.5 2.6 2.7

lg (T / s)

lg (M / g)

 

Physics · 2019 · Oct/Nov · Paper 51 · QP · Cambridge
GradeMax



8

9702/51/O/N/19© UCLES 2019

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every 

reasonable effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the 

publisher will be pleased to make amends at the earliest possible opportunity.

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 

at www.cambridgeinternational.org after the live examination series.

Cambridge Assessment International Education is part of the Cambridge Assessment Group. Cambridge Assessment is the brand name of the University of 

Cambridge Local Examinations Syndicate (UCLES), which itself is a department of the University of Cambridge.

  (iv) Determine the y-intercept of the line of best fit. Do not include the absolute uncertainty.

 y-intercept =  .........................................................  [1]

 (d) Using your answers to (a), (c)(iii) and (c)(iv), determine the values of k and q. You need not 
be concerned with units. Do not include the absolute uncertainties. 

 k =  ...............................................................

 q =  ...............................................................
 [2]

 (e) Using your answers to (d), determine the mass M needed to give a period of 1.0 s. 

 M =  .......................................................g [1]

[Total: 15]
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