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In addition to this paper you will require:
! a calculator;
! a pencil and a ruler.

Time allowed: 1 hour 45 minutes

Instructions
! Use blue or black ink or ball-point pen. 
! Fill in the boxes at the top of this page. 
! Answer both questions in the spaces provided.  All working must be shown.
! Do all rough work in this book.  Cross through any work you do not want

marked. 

Information
! The maximum mark for this paper is 30. 
! Mark allocations are shown in brackets. 
! The paper carries 15% of the total marks for Physics Advanced.
! A Data Sheet is provided on pages 3 and 4.  You may wish to detach this 

perforated sheet at the start of the examination.
! You are expected to use a calculator where appropriate.
! You are advised to spend no more than 30 minutes on Question 1.

W05/PHAP

Total
(Column 1)
Total 
(Column 2)

TOTAL

Examiner�s Initials

Leave blankSurname Other Names

Centre Number Candidate Number

Candidate Signature

PHAP



W05/PHAP

2

Data Sheet

! A perforated Data Sheet is provided as pages 3 and 4 of this question 
paper.

! This sheet may be useful for answering some of the questions in the 
examination.

! You may wish to detach this sheet before you begin work.
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TURN  OVER  FOR  THE  FIRST QUESTION
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Answer both questions.

You are advised to spend no more than 30 minutes on Question 1.

1 Newton showed that the motion of comets is controlled by the gravitational attraction of the Sun.  Many
comets move in long elliptical orbits with the Sun at one focus: this makes their regular reappearance
predictable.  But if a comet arives from outer space very fast it swings around the Sun along a path
called a hyperbola: in this case the comet will never return.  Figure 1 illustrates these different
trajectories.  

Figure  1

A student attempts to model the hyperbolic trajectory of such a fast-moving comet using steel ball
bearings and a bar magnet.  His idea is to roll the ball bearing along the bench close to one pole of a
bar magnet so that the path of the ball bearing is deviated by the magnetic field around the magnet. 

Following preliminary tests with ball bearings of various diameters he discovers that the angle of
deviation, φ, defined in Figure 2, is minimal for the smallest and largest sized ball bearings but
increases significantly for ball bearings between these limits.

Figure  2
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Design an experiment that will enable the student to determine the diameter of the ball bearing that
produces the maximum angle of deviation.

You should assume that the normal laboratory apparatus used in schools and colleges is available, as is
a supply of ball bearings of different diameters.
You may wish to draw a diagram to illustrate your answer. 

You should also include the following in your answer:

! The quantities you intend to measure and how you will measure them.
! How you propose to use your measurements to determine the diameter of ball bearing that produces

the maximum angular deviation.
! Any factor(s) you will need to control and how you will do this.
! How you could overcome any difficulties in obtaining reliable results.

Write your answers to question 1 on pages 8 and 9 of this booklet.
(8 marks)
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2 In this experiment you will investigate the rotational oscillation of a metre ruler suspended from two
threads, as the inclination of the threads is varied. 
No description of the experiment is required.

The metre ruler is to be suspended above the bench by threads connected to an additional ruler that has
been clamped parallel to the bench with its graduated face in a vertical plane.
Do not adjust the position of the clamped ruler during the experiment.

(a) Two lengths of thread have been tied to eyelets fixed into one edge of the metre ruler.  Place the
two prisms below the clamped ruler then position the metre ruler on the prisms directly below
the clamped ruler with the graduated face of the ruler towards you and with the eyelets
uppermost, as shown in the diagram.  
Secure the free ends of the threads to the clamped ruler by trapping each thread between the
graduated face of the suspended ruler and a bulldog clip.  
The  threads should meet the clamped ruler at the 10.0 cm and 90.0 cm graduations so that 
the distance, d, between their points of suspension is 80.0 cm.
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Ensuring that the lengths of thread connecting the two rulers are tight, remove the prisms so that
the lower ruler is suspended parallel to the bench.  
Keeping this ruler in a horizontal plane, displace each end of the ruler by equal small 
amounts in opposite directions.
Release the system from rest so that it performs small amplitude rotational oscillations about its
central vertical axis.
Make suitable measurements to determine the period, T, of these oscillations.

........................................................................................................................................................

........................................................................................................................................................

........................................................................................................................................................
(1 mark)

(b) Replace the prisms then move the points of attachment between the thread and the clamped ruler
by equal amounts towards the centre of the clamped ruler so that d is reduced.  
Ensure that the connecting threads are tight before removing the prisms so that the suspended
ruler remains directly below the clamped ruler and at the same height above the bench as before.
Determine the period, T, of the system for this new value of d, and continue until you have a
total of five sets of d and T.
Record below all your measurments and observations.

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................
(4 marks)
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(c) Plot a graph with log d on the vertical axis and log T on the horizontal axis.  
Tabulate below the data you will plot on your graph.

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................
(8 marks)

(d) Measure and record the gradient, G, of your graph.

G = .................................................

(3 marks)

(e) Theory shows the variables to be connected by an expression of the form

d = kT n,

where n is an integer and k is a constant.

(i) Deduce from your graph the value of the integer, n.

...............................................................................................................................................

...............................................................................................................................................

(ii) Hence deduce the unit of the constant, k.

...............................................................................................................................................

...............................................................................................................................................
(2 marks)
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(f) Describe and explain two procedures you used to reduce the uncertainty in your values of T.

procedure 1

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

procedure 2

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................
(4 marks)
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END  OF QUESTIONS
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