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1. For each of the physical quantities in the table below add the missing information.  The 
first one has been done for you.

Physical quantity Base units Vector or scalar

force kg m s–2 vector

displacement

gravitational potential 
energy

power

impulse
Q1

(Total 4 marks)
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2. The graph below shows how the velocity of a motorbike varies with time during the final 
10 s of a race.

 (a) (i) Describe the motion shown by the graph.

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

    ................................................................................................................................
(2)

  (ii) Show that during the final 10 s the motorbike travels a distance of approximately 
800 m.

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

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

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

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

    ................................................................................................................................
(3)
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 (b) Using the axes below, sketch a graph showing how the distance of the motorbike from 
the finishing line varies with time during the final 10 s of the race. 

(3) Q2

(Total 8 marks)

��� �

��� �

��� �

��� �

��� �

��� �

	�� �


�� �

� �� � �

� � �

� � �

�

	

�

�

�

�

�

�

�

�

�




�


�

�

�

Distance from
finishing
line / m



Leave 
blank

6

*H30428A0620*

3. (a) State the principle of conservation of linear momentum.

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

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

   .......................................................................................................................................
(2)

 (b) A student considers how she could use two trolleys to demonstrate the principle of 
conservation of momentum.  She decides on a collision between a moving trolley 
A and a stationary trolley B in which both stick together after the collision.  This is 
shown in the diagram below.

  (i) Describe a method for measuring the velocity of A.  You may add to the diagram 
to help your description if you wish.

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

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

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

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

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

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

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

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

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

    ................................................................................................................................
(3)

Motion Motion

A BAB

Before collision After collision



Leave 
blank

7

Turn over*H30428A0720*

  (ii) What further measurements, in addition to the two velocities, will she have to 
make to demonstrate the principle?

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

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

  (iii) The student realises that if the velocity measurements are to lead to a demonstration 
of the principle, then both the velocity of A before the collision and the velocity 
of A and B after the collision need to be constant.

   Explain why the velocities need to be constant.

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

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

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

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

    ................................................................................................................................
(2) Q3

(Total 8 marks)
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4. A gardener tilts a wheelbarrow of weight W by applying a total upward force F to its 
handles.  The diagram shows the forces acting on the wheelbarrow.  R is the normal 
reaction (contact) force acting on the wheel.

 (a) (i) The wheelbarrow is stationary.  State an expression that relates R, W and F.

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

  (ii) Each of these three forces is one of a Newton’s third law pair of forces.

   Complete the following statements.

   The force that pairs with R acts on  .......................................................................

   The force that pairs with W acts on  .......................................................................

   The force that pairs with F acts on  .......................................................................
(3)

 (b) The gardener now pushes the wheelbarrow forward.  To do this he must change the 
magnitude and direction of the force F.

  (i) Add an arrow to the diagram, at X, to show the approximate direction in which 
this force must act.  Label this arrow P.

(1)

R
W

X

F

ground
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  (ii) Explain why the magnitude and direction of force F must change when the 
gardener pushes the wheelbarrow forward.

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

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

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

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

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

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

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

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

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

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

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

    ................................................................................................................................
(3) Q4

(Total 8 marks)
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5. (a) A shelf is made of a 110 cm length of wood of weight 22 N.  It rests on two brackets 
A and B.  The centre of gravity of the shelf is at C.

  (i) State the magnitude of the normal contact force that acts at each bracket. 

                                                           Normal contact force =  ..............................................
(1)

  (ii) By taking moments about bracket A, show that your answer is consistent with the 
principle of moments.

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

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

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

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

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

    ................................................................................................................................
(2)

55 cm

20 cm 20 cm

A B

C
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 (b) An ornament of weight 44 N is now placed on the shelf 10 cm from bracket B as 
shown in the diagram.

  (i) Calculate the normal contact force that now acts at bracket B.

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

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

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

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

                                                           Normal contact force =  ..............................................
(2)

  (ii) The ornament is now positioned to the right of B.  Explain why there is a limit 
to the distance from B that the ornament can be placed.  You may be awarded a 
mark for the clarity of your answer.

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

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

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

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

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

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

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

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

    ................................................................................................................................
(4)

  (iii) The ornament is placed at the limiting position.  State the magnitude of the 
normal contact force at A.

                                                            Normal contact force =  .............................................
(1) Q5

(Total 10 marks)

A B

C

Ornament

10 cm

44 N
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6. A book rests on a table as shown in the diagram.

 The mass of the book is 1.80 kg.  A student applies a momentary horizontal force to the 
book after which it slides across the table for a distance of 1.25 m before coming to rest.  
The frictional force between the book and the table is 2.75 N.

 (a) Show that the speed of the book as it loses contact with the student is about
2.0 m s–1.

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

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

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

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

   .......................................................................................................................................
(3)

 (b) Calculate the momentum of the book at this instant.

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

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

                                                            Momentum =  ............................................................
(2)

 (c) The momentary force applied to the book by the student lasts for 0.70 s.
  Calculate the average value of this force.

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

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

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

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

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

                                                            Average force =  .........................................................
(3) Q6

(Total 8 marks)

Table top Book
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7. A satellite uses a radium-226 source as a back-up power supply.  Radium-226 is an alpha 
particle emitter.

 (a) The satellite requires a back-up power of 55 W. Each alpha particle is emitted with
an energy of 7.65 × 10–13 J.  Show that the activity of the source must be about
7 × 1013 Bq.

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

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

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

   .......................................................................................................................................
(2)

 (b) Radium-226 has a half-life of 1620 years.  Show that its decay constant is about
1.4 × 10–11 s–1.

  1 year = 3.15 × 107 s

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

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

   .......................................................................................................................................
(2)

 (c) Hence determine the number of radium-226 nuclei that would produce the required 
activity.

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

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

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

                                                            Number of nuclei =  ...................................................
(2)

 (d) Calculate the mass of radium-226 that would produce a power of 55 W.
  226 g of radium-226 contains 6.02 × 1023 nuclei.

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

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

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

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

                                                                              Mass =  ...................................................
(2)
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 (e) In practice this mass of radium-226 produces more than 55 W of power.  Suggest a 
reason why.

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

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

   .......................................................................................................................................
(1) Q7

(Total 9 marks)
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8. (a) The lines A and B show part of the paths of two alpha particles as they travel through 
an atom.

  Add to the diagram the subsequent paths of each alpha particle as they travel through 
and out of the atom.

(2)

Atom

Nucleus

A

B
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 (b) Rutherford investigated the scattering of alpha particles by gold foil in an evacuated 
container.  The evidence from his investigations led to the nuclear model of the 
atom.

  Why was it important for this investigation that

  (i) the alpha source was inside the container,

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

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

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

  (ii) the alpha particles had the same initial kinetic energy,

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

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

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

  (iii) the container was evacuated?

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

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

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

TOTAL FOR PAPER: 60 MARKS

END

Q8

(Total 5 marks)
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List of data, formulae and relationships

Data

Speed of light in vacuum
Acceleration of free fall (close to the Earth)
Gravitational field strength (close to the Earth)

Rectilinear motion

For uniformly accelerated motion:

Forces and moments

Sum of clockwise moments        Sum of anticlockwise moments=about any point in a plane   about that point

Dynamics

Force

Impulse

Mechanical energy

Power

Radioactive decay and the nuclear atom

Activity (Decay constant )

Half-life

Experimental physics

Mathematics

Equation of a straight line
Surface area

Volume

For small angles: (in radians)
cos 1
sin tan

34
3sphere r

2cylinder r h

2sphere 4 r

2cylinder 2 2rh r

y mx c

sin(90 ) cos

Estimated uncertainty × 100%Percentage uncertainty = 
Average value

1
2

0.69t

A N

P Fv

F t p

pF m
t t
v

Moment of F about O = F (Perpendicular distance from F to O)

2 2 2u axv

21
2x ut at

u atv

19.81 N kgg

29.81m sg

8 13.00 10 m sc


