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Section A 

 

Attempt ALL questions in this section.   Please do not forget to write the question 

number in the margin. 

Each question carries 7 marks.  This section carries 50% of the total marks of the 

test. 
 

 

1.   A steel cable of diameter 20mm supports a service lift of mass 3000kg as shown 

in the diagram.  When rising from one floor to another, the lift accelerates at          

2.5 m s
-2

.  The diagram shows the forces acting on the lift. 

 

 
 
(a) Determine the resultant force acting on the lift as it rises from one floor to 

another. (2) 

F = ma 

F = 3000 ×××× 2.5 

F = 7500 N          2 marks 

 

(b) Work out a value for T, the upward pull of the cable on the lift. (2) 

F  =  T  -  mg 

7500  =  T  -  30000  1 mark 

T =  37 500 N   1 mark 

(c) Hence state the value of the tension in the cable (i.e. the force exerted by the 

lift on the cable), clearly naming the law you have used for your answer.   (1) 

37 500 N   (Newton’s 3
rd

 law)      1 mark 

 

(d) Calculate the stress in the cable. (2) 

Area of cable = ππππ ×××× 0.02
2
 / 4  =  3.142 ×××× 10

-4
 m

2 

 

Stress = force/area 

Stress =  37 500 /3.142 ×××× 10
-4

   1 mark 

 Stress =  1.2 ×××× 10
8
 Pa   1 mark    

                     T, the upward pull of the cable on the lift 

 

 

 

 

 

 

 

 

 

                     W, weight of lift 



2.   Two materials A and B are used as girders to support a railway bridge.  The 

diagram below shows the stress-strain variation for the two materials up to their 

breaking point. 

 

 
(a) Which is the (i)  weaker  (ii) stiffer material? Explain.  (2) 

Material B is the weaker one …. it breaks at a lower stress  1 mark 

Material A is the stiffer one … it has the higher Young Modulus (larger gradient)  

1 mark 

 

(b) The contraction ∆ℓ of a cylindrical rod of material A is tested by placing a 

50kg on top of it.  The length ℓ of the rod is 50cm and its radius of cross-section is 

1cm.  Given that the Young Modulus of material A is 3.5 × 10
10

 Pa, find 

(i) the contraction of the rod  (3) 

E =  F/A  ×××× ℓ/∆∆∆∆ℓ 

∆∆∆∆ℓ  =  F ℓ / A E           1 mark 

∆∆∆∆ℓ   =  500 ×××× 0.50 / ππππ ×××× 0.01
2
 ×××× 3.5××××10

10
  1 mark 

∆∆∆∆ℓ   =  2.3 ×××× 10
-5 

m    1 mark 
 

(ii) the energy stored in it.  (2) 

 

Energy = ½ ×××× F ×××× ∆∆∆∆ℓ 

Energy  = ½ ×××× 500 ×××× 2.3 ×××× 10
-5 

  1 mark 

Energy  =  5.7 ×××× 10
-3

 J    1 mark 
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                             rod 



3.  (a)  In Rutherford’s scattering experiment, alpha particles from a radioactive 

source are scattered as they approach the nucleus of a gold atom.  The diagram 

shows three alpha particles at their closest approach to a gold nucleus.  Copy the 

diagram and complete the subsequent paths of the alpha particles after they have 

been scattered by the gold nucleus.  (3) 

 

 
 

(or similar)       3 marks (1 mark each) 

 

(b) Why are the alpha particles scattered as they approach the gold nucleus?(2) 

Being positively charged, they are repelled by the electrostatic (Coulomb) force 

which gets bigger as they approach the positively-charged nucleus.  2 marks 

 

(c)         Explain one important observation of this experiment which led Rutherford 

to conclude that the positively-charged nucleus of an atom occupied a very tiny 

portion of the entire atomic volume.(2) 

The majority of alpha particles were not scattered, meaning the nuclei were small 

enough to be missed completely by most of the oncoming alpha particles.  2 marks 

 

 

 

 

 

 

 

 

 

                                    

                                                                                                    gold nucleus 

 

 

 

 

               alpha particle 



4.   John Ghost stands on his skateboard as he pushes against a vertical wall with his 

right hand (fig. 1). 

 

                                
            fig. 1                                                                                   fig.  2 

 

(a) Explain carefully, using the appropriate Physics principle, why Ghost is thrust 

forward to the right. (3) 

If John pushes the wall to the left, then by Newton’s 3
rd

 law the wall pushes John 

to the right with the same force.  3 marks 

(b) As Ghost moves forward (fig. 2) he collides head on with Larry Mosquito, who 

is much lighter in mass.  

(i) Who, if any, experiences the greater force on impact? Explain.(3) 

They both experience the same force.  Again, this is a consequence of Newton’s 3
rd

 

law.              3 marks  (Award 0 marks if explanation is missing or incorrect) 

 

(ii) What can you say about the combined momentum of Ghost and Mosquito in 

this impact?  (1) 

The total momentum (of Ghost and Mosquito) remains unchanged after the impact 

in accordance with the conservation principle.  

1 mark 

 

 

5.  A musician plays his euphonium in his living room.  The sound waves generated 

travel out of an open window and are heard from 

the street outside,  

 

 

(a)  Explain why sound waves are said to be 

mechanical and longitudinal in nature? (2) 

Sound waves are described as mechanical waves 

because they need a physical medium in order to 

propagate.  1 mark   When sound is travelling 

through such a medium, the medium particles 

oscillate along the direction of travel of the wave – 

hence, sound waves are said to be longitudinal.      

1 mark 

 

 

 



 

(b) What happens to the waves as they pass through the open window?  Why is this 

effect not possible for visible- light waves passing through an open window? (2) 

They are diffracted.  1 mark  The wavelength of visible-light is way too small (10
-7

 

m)  for light to be diffracted by an open window.  1 mark 

 

 

(c) Sound waves of frequency 221Hz hit a brick wall.  Some of the waves are 

reflected back but much of the sound enters the brick wall.  It is noticed that such 

sound changes direction as it enters inside the bricks. 

 

(i)  What happens to the frequency of the sound when it enters the brick wall?  

Explain. (1)  
 Nothing, frequency can only be changed at source.  1 mark 

(ii)  Explain why there is a change in the direction of the sound waves.(2) 

The speed of sound increases considerably inside the brick wall causing the 

direction of propagation to be altered.  2 marks 

 

Any reference to ‘refraction’ should only score marks if accompanied with an 

explanation regarding the change in velocity. 

 

 

6.   In a TV set, electrons inside a vacuum tube are shot horizontally at a screen 

as shown with a speed of 5 × 10
7
 m s

-1
.   

 
 

 

(a) How long does an electron take to travel across the tube, which is 40cm long, 

and hit the screen? (2) 

 Using s = ut  + ½ at
2
 for horizontal motion 

 

 0.40  = 5 ×××× 10
7
 ×××× t      (a = 0 m s

-2
)    1 mark 

 

 t = 8 ×××× 10
-9

 s   1 mark 

 

(b) At what distance s (see diagram) below its original direction does an electron 

hit the screen?  (3) 

 Using s = ut  + ½ at
2
 for the vertical motion 1 mark 

  

 s = ½ ×××× 10 ×××× (8 ×××× 10
-9

)
2  

1 mark 
 

 
s  =  3.2 ×××× 10

-16
 m  1 mark 

40 cm 

          screen 

 

            s 



  

 

(c) Explain why the horizontal speed of the electron does not change.(2) 

 There is no force on the electron in that direction.  2 marks 

 

 

 

7.  The density, d and pressure P of a gas are related by the expression 

d

kP
c =  

(a) Write down the base units of d.(1) 

 kg m
-3   

  1 mark 

 

(b) Write down the base units of P. (2) 

 (Hint: remember that Pressure = force/area) 

Base units of P:  kg m s
-2

 / m
2
   1 mark 

  
=  kg m

-1
 s

-2
   1 mark 

 

(c) Given that k has no units, determine the base units of c.(3) 

 Base units of c :  (kg m
-1

 s
-2

 / kg m
-3

) 
½

  1 mark 

                                                        =  (m
2
 s

-2
) 

½
   1 mark 

       =  m s
-1

  1 mark 

 Award full marks if candidate squares both sides and arrives at final answer 

 

(d) Identify the physical quantity represented by c.  (1) 

 Velocity  1 mark 

 

8. An object O is acted upon by a set of forces as shown below. 

 

 
(a) Find the magnitude of the resultant force. (6) 

 Net force to the right =  500 cos 40
o
 +  330 cos 37

o
 – 425 cos 15

o 
 = 236.1N  

                                                                                                                                   2 marks 

 

 Net upward force = 500 sin 40
o
  –  330 sin 37

o
  –  425 sin 15

o
  =   12.8N 

                                                                                        500.0N 

 

 

 

 

 

                                                                 

                                                                        40
o
                         

                                   15
o              

                      37
o 

425.0N                                                                      

                                                                                     330.0N 
•  

    O 



                                                                                                                             2 marks 

 
                                   R =  √(12.8

2
  +   236.1

2
)           1 mark  

 

                                    R  =  236.4N   1 mark 

 

(b) What angle does it make with the horizontal? (1) 

             tan θ = 12.8/236.1 = 0.054 

 

  θ  =  3.1
o 

  1 mark 

 

 

 

9.   The count rate from a radioactive source varies as shown in the graph below. 

 

 
 

(a) What is the half-life of this particular source?  (1) 

              2 days (from graph)   1 mark  

 

(b) Determine its decay constant in days
-1

? (2) 

                           λλλλ  =  0.693 / T1/2  

 

                λλλλ  =  0.693 / 2    1 mark 

 

   λλλλ  =  0.347 days
-1

   1 mark 

 
12.8N                                                                           R 

 

                                        θ                                                236.1N 



  

(c) It is estimated that at a particular instant, the source is decaying at the rate of 

2 × 10
22

 disintegrations per day.  Work out a value for the number of 

radioactive atoms contained in the source at that moment. (2) 

   A  =  λλλλ  N  

                                  2 ×××× 10
22

  =  0.347  ×××× N   1 mark 

 

   N  =  5.8 ×××× 10
22    

1 mark 

 

(d) Copy and fill-in the missing data for the following decay processes.(2) 

 

         1 mark 

 

            1 mark     Marks allotted only if each equation is 100%     

                                                                      complete and correct 

 

10(a)    Explain how the concept of power is related to that of energy.  (1) 

 Power is the rate at which energy is converted.  1 mark 

(b) An escalator is used to move 25 shoppers every minute from the first floor of 

a department store to the second. The second floor is located 6.0 m above 

the first floor. The average mass of each shopper is 85.0 kg. Determine the 

power requirement of the escalator in order to move this number of 

shoppers in this amount of time. (6)  

               Gain in P.E.  =  m g h    2 marks 

 P.E. gained by 25 shoppers in 1 minute =  (25 ×××× 85.0) ×××× 10 ×××× 6 

          =  127 500 J       2 marks 

 

 Hence, power of escalator = 127 500 J / 60s  1 mark 

                                                           =  2125 W    1 mark 

 

 

 

 

 

 

 



Section B.  

 

Attempt the question in this section.  PLEASE START A NEW BOOKLET.  

  

 This question carries 20 marks which is equivalent to 14% of the total mark of the 

test. 

 

11.    The resistance R of a metallic conductor is found to vary with temperature θ 

according to the following equation: 

                    R  =  Ro (1  +  α θ) 

where Ro is the resistance of the conductor at 0
o
C and α is a quantity known 

as the temperature coefficient of resistance which may be assumed constant 

for a particular material.  

 The corresponding values of current (I), passing through one particular 

conductor, and the voltage (V) that is dropped across it, were measured at 

different temperatures.  The results are shown in the table below.  

θ/
o
C I / amps V / volts R / ohms 

5 1.22 6.15 5.04 

10 1.20 6.19 5.16 

15 1.18 6.24 5.29 

25 1.15 6.37 5.54 

30 1.14 6.43 5.64 

35 1.13 6.50 5.75 

40 1.11 6.53 5.88 

 



(a)  Copy the table, including the values of the corresponding resistance, 

noting that R = V / I.   Give values of R to 2 decimal places.  The first one has 

been done for you. (3) 

 3 marks ( ½ mark each) 

(b)   Plot a graph of R against θ starting the x-axis at 0
o
C and the y-axis at 

4.80Ω.    (8)                          8 marks   

(delete 1 mark for each unlabelled axes, delete 2 marks if scales do not start 

as indicated, delete 1 mark if awkward scale is used) 

(c)  Use your graph to determine values for Ro and α.  (9) 

 5 marks for noting that intercept = R0 and gradient = Ro α 

 2 marks for correctly finding Ro   (should be around 4.92Ω) 

 2 marks for correctly finding α  (should be around 4.9 ×××× 10-3 K-1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Section C 

 

Continue this section on the booklet used for Section B.   You are to attempt only 

TWO questions from this section.  Each question carries 25 marks.  This section 

carries 36% of the total mark of the exam. 

12. (a)  State Newton’s law of Universal gravitation.(3) 

            3 marks for correct statement 

(b) Work out a value for the gravitational force exerted by  

(i)  the planet Mercury on the sun  (3) 

F = G MS MM /rm
2  

  1 mark 

F  = 6.67 ×××× 10
-11

 ×××× 1.99 ×××× 10
30

 ×××× 3.3 ×××× 10
23

  / (57.6 ×××× 10
9
)

2 
 1 mark 

F  =  1.32 ×××× 10
22

 N   1 mark 

(ii)  the planet Venus on the sun (3) 

F = G MS MV /rv
2
  1 mark 

F  = 6.67 ×××× 10
-11

 ×××× 1.99 ×××× 10
30

 ×××× 4.87 ×××× 10
24

  / (108 ×××× 10
9
)

2
 1 mark 

F  =  5.54 ×××× 10
22

 N  1 mark 

  

 (Sun-Mercury distance rm = 57.6 × 10
9
 m, Sun-Venus distance rv = 108 × 10

9
 m, mass 

of Sun, Ms = 1.99×10
30

 kg, mass of Mercury Mm = 3.3×10
23

 kg,  mass of Venus M v = 

4.87×10
24

 kg,  G = 6. 67 × 10
-11

 N m
2
 kg

-2
). 



(iii)   

 

If Mercury, Venus and the Sun are aligned in a right triangle, as shown, then 

calculate the vector sum of the forces on the Sun due to both Mercury and Venus. 

What is the direction of this resultant force?(4)(1) 

 

 

The resultant force on the sun = √(5.54 ×××× 10
22

)
2
 + (1.32 ×××× 10

22
)

2 

        
                                                   =  5.7 ×××× 10

22
 N   4 marks 

tan θ  = 1.32/5.54 = 0.238 

θ  = 13.4
o
  1 mark 

(b)(i)  Using data in the earlier part of the question, work out a value for the 

gravitational field strength at the surface of Venus.  (Radius of Venus = 6052km)(3) 

g = G M/R
2
    1 mark   

Sun                            

           

                                                                                                                                                        Venus 

 

 

 

 

 

 

 

 

 

 

 

 

     Mercury                                                                       NOT TO SCALE 

                                                                 5.54 ×××× 10
22 

N 

 

                              θ 

 

 

 

 

 

    1.32 ×××× 10
22

 N 



g = 6.67 ×××× 10
-11

 ×××× 4.87 ×××× 10
24

  / (6052 000)
2
 1 mark 

    =  8.87 N kg
-1

  1 mark 

(ii)     Hence, work out a value for the weight of a 5kg rock at the surface of the 

planet. (1) 

W = 5 kg ×××× 8.87 N kg
-1

  =  44.3 N   1 mark 

(c) (i) At what speed does the planet Mercury orbit the sun? (4) 

G MS MV /rv
2
   =  Mv v

2
 /rv   

Hence  v = √G Ms/rv      2 marks 

v = √ (6.67 ×××× 10
-11

 ×××× 1.99 ×××× 10
30

 / 57.6 × 10
9
) 1 mark 

v =  48 ×××× 10
3
 m s

-1
   1 mark 

(ii)  How long, in days, does it take to complete the orbit?(3) 

T = 2ππππr / v   1 mark 

=  2ππππ ×××× 57.6 × 10
9
 / 48 ×××× 10

3
  

 =  7.5 ×××× 10
6
 s  1 mark 

In days:  7.5 ×××× 10
6
 / (3600 ×××× 24)  =  87.3 days  1 mark 

 

 

13 (a)   A 900-kg car is moving along a circular path of diameter 20m with constant 

speed. 

 

 



(i)   Which of the following quantities is constant for this car:  velocity, kinetic 

energy, momentum, forward thrust? (You may ignore the change in mass due 

to the combustion of fuel).   (3) 

 kinetic energy only  3 marks (award 1 mark only if student mentions other 

quantities apart from kinetic energy) 

(ii) Given that there is a frictional force acting on the car, directed towards the 

centre of the circular path, determine its value when the car’s speed is         

40 km h
-1

?  (3)  

            In this case,          Frictional force, F  = m v
2
 / r  1 mark 

                =  900 ×××× (40 000/3600)
2
 / 10  1 mark 

                                                            =  1.1 ×××× 10
4
 N 1 mark 

(iii) If the car suddenly meets a patch of oil on the tarmac such that the frictional 

force is reduced to a quarter of the value found in (ii), to what value should 

the driver reduce the car’s speed if it is to continue to travel along the same 

circular path?(4) 

 F = m v
2
 / r 

 Thus,  v = ( Fr/m)
1/2 

                    
If F is reduced to F/4 then 

 vnew = (Fr/4m)
1/2 

 =  ½ (Fr/m)
1/2 

  =  ½ v 

 Hence new velocity must be half the original velocity,  i.e. 20 km h
-1  

4 marks 

 (
Award 4 marks if students arrive at correct answer by putting                         

F =  2.75 ×××× 10
3
 N and solving accordingly) 

(iv) What would happen to the car if the frictional force were to disappear 

completely?  Name the law that helped you arrive at this conclusion.(3) 

 The car would continue to travel in a straight line (skid linearly) 2 marks     

in accordance with the first law of motion. 1 mark 

(b) A small toy plane of mass 100g is attached from a point on a ceiling by means 

of a string.  The string is 1.20m long.  The plane is made to a travel in a 

horizontal circle, as shown, with the string inclined at 40
o
 to the vertical. 



 

             Award a maximum of 1 mark if student marks other forces apart from the 

two correct ones. 

(i) Draw a simplified copy of the diagram and mark the forces acting on the 

plane.(2) 

(ii) By considering the forces acting in the vertical direction, determine the 

tension in the string.(3) 

 T cos 40
o
  =  mg 1 mark 

 T cos 40
o
  =  0.1 ×××× 10 1 mark 

 T = 1.31 N 

 By Newton’s 3
rd

 law, the tension in the string is also equal to 1.31N 1 mark 

(iii) Hence find the velocity with which the plane travels.(3) 

 T sin 40
o
 = m v

2
 / r 1 mark 

 1.31 sin 40
o
  =  0.1 ×××× v

2
 /1.2 sin40

o
 1 mark 

 v  =  2.5 m s
-1

 1 mark 

(iv) If the string were to break, how long would it take for the toy plane to fall to 

the ground, given that it had been rotating at a height of 1.5m?(2) 

 Using s = ut + ½ at
2
 along vertical 

 1.5  =  ½ ×××× 10 ×××× t
2
 1 mark 

40
o 

           T, pull of string on plane 1 mark 

 

 

 

 

                      mg, weight of plane 1 mark 



 t  = 0.55s  1 mark 

(v) With what vertical velocity would it hit the ground?(2) 

 v = u  +  at  along vertical 1 mark 

 v = 0 + (10)(0.55) 

 v = 5.5 m s
-1  

1 mark
 

 

14. Two loudspeakers, 1m apart from each other, send out sound waves of 

steady frequency 1700Hz in phase with one another.  The sound waves from 

the two loudspeakers interfere into one another and a microphone, placed in 

the region of interference, picks up sound that ranges from a maximum at 

some points to zero at other. 

  

(a) What do you understand by the statements: 

(i) “region of interference”(2) 

that region in which there is superposition of sound waves, resulting in a 

new wave pattern of sound.  2 marks 

(ii) “sound waves of steady frequency 1700Hz” ?(2) 

 the speakers emits sound waves at the constant rate of 1700 waves per 

second. 2 marks 

 



  

 

(iii) State one word that could be used to describe the two loudspeakers, as 

sources of sound waves, in the situation given.(1) 

Coherent  1 mark 

(iv) Given that sound travels at 340 m s
-1

 in air, what wavelength λ of sound is 

being emitted by the two loudspeakers?(2) 

                c  =  f λλλλ 

                340  =  1700 λλλλ  1 mark 

  λλλλ = 0.20 m   1 mark 

(v) The microphone is placed at a point P exactly opposite one of the two 

speakers and at a distance of 2. 4m from it.  Show that twelve wavelengths  

(12 λ)  of this particular sound fit in this distance.(2) 

 1λλλλ = 0.20 m 

 Thus 12λλλλ = 12 ×××× 0.20 = 2.4m 2marks 

 

(vi) Work out the number of wavelengths that fit in the space between P and the 

other loudspeaker.(3) 

 Using Pythagoras:   Distance of speaker from P = √(2.4
2
 + 1

2
)  = 2.6m 1 mark 

 

 No. of wavelengths = 2.6/0.20  = 13 2 marks 

 

(vii) Hence, find the path difference, in terms of λ, for the respective sound waves 

reaching P from the two loudspeakers.(1) 

 Path difference = 13λλλλ  -  12λλλλ  =  1 λλλλ  1 mark 

 

(viii) In view of your answer to (v), what would you expect the microphone to 

detect (maximum or zero) at P?  Explain.(3) 

 Since path difference is a whole number of wavelengths, the waves 

interfere in phase.  There is therefore constructive interference and the 

microphone detects a maximum.   3 marks 

 

(b) Explain how the situation at P would change, if at all, if  

(i) the two speakers were in anti-phase with one another(3) 

 The waves would interfere in anti-phase and the microphone would detect 

zero intensity.  3 marks 

(ii) the frequency of the sound were to be halved to 850Hz.(3) 

 The wavelength would have doubled. 

 Hence path difference would be 6.5λλλλ - 6λλλλ = 0.5λλλλ 

 The waves would interfere in anti-phase and the microphone would detect 

zero intensity.  3 marks 

(iii) P had to be moved to the point that is equidistant to the two 

loudspeakers.(3) 

 The path difference would be zero wavelengths, the wave would interfere 

in phase and a maximum would be detected. 3 marks 

   

 



 

15.    (a)   The graph below shows how the refractive index of water varies with the 

     wavelength of light. 

 

(i) Explain the term “refractive index of water”.  (3 marks) 

The refractive index of water is the factor by which light is slowed down when it 

travels from air into water 

 i.e. velocity of light in water = velocity of light in air 

                                                        refractive index of water       3 marks 

 

(ii) How can the graph help explain the phenomenon of rainbows, caused 

when sunlight passes through droplets of moisture in the Earth’s atmosphere?  

                                                                                                                      (3 marks) 

The graph shows that water exhibits a different refractive index for each 

wavelength of light.  1 mark Hence, the different wavelengths of light are 

refracted differently 1 mark  as they pass through the droplets of moisture and 

dispersion of the different colours occurs.  1 mark 
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(iii)       Sketch a labelled diagram to show the behaviour of white light as it passes  

             through a glass prism.             (2 marks) 

Award 2 marks only if correct sequence of colours is shown. 

  

(b)       An illuminated object is placed 35cm in front of a convex lens of focal length 

            20cm and an image is formed on a screen, placed on the other side of the lens.  

 

(i) Sketch a ray diagram to illustrate the meaning of the term “focal length”. 

                  (2 marks) 



2 marks  

(ii) Calculate the image distance.  (3 marks) 

1/f   =  1/v  +  1/u   1 mark 

 

1/20  =  1/v   +   1/35  1 mark 

 

v  = 47cm  1 mark 

(iii)        What is the magnification m of the image?  (2 marks) 

  m  = v/u 

  m = 47/35  1 mark 

  m =  1.3   1 mark  

 

(c)   A student performed an experiment in which she took various corresponding 

readings of object distance, u and image distance, v.  Suggest how she could 

use her data to draw a graph that would enable her to determine the focal 

length of the lens used.  A diagram of the set-up, the quantities plotted and a 

detailed account of how f would be determined are expected.   

 Any suitable graphical method based on the lens equation is acceptable.  

Award marks according to the number of correct steps shown in the 

answer. 

 10 marks 

             (diagram of set-up:  3 marks,  

               graph plotted: 2 marks   

               equation + analysis: 5 marks) 


