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Directions to Candidates 

• Show ALL working. 

• Write units where appropriate. 

• Answer ALL questions in Section A 

• Answer any FOUR questions from Section B 

• You have been provided with two booklets.  Use one booklet for Section 
A, the other for Section B. 
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The following equations and formulae may be useful in answering some of the 
questions in the examination. 

Uniformly accelerated motion: 

Useful formulae:    
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Materials: 

Hooke's law: F  = kΔx 

Stress:      

Strain:    

Young's modulus:   
Energy stored in a stretched wire:
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Circular motion and rotational 
dynamics: 

Angular speed:   

Angular acceleration:   

Centripetal force:    
Torque:    

Work done in rotation:   
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Ray optics:  

Refractive index:   

    
     

Thin lenses:   (real is 
positive) 

    (Cartesian)   

Magnification:  (real is 
positive) 

   (Cartesian)  

2211 sinsin θθ nn =

2

1

2

1
21 sin

sin
v
vn ==

θ

θ

1 3 1 2 2 3.n n n=

vuf
111

+=

uvf
111

−=

o

i

h
h

u
v

m ==

o

i

h
h

u
v

m −=−=

Mechanics:   

Newton’s second law:   

Power: P = Fv 

Momentum: p = mv 

dt
mvdF )(

=
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Stationary waves: 

Speed of waves on strings:  

  

Wave motion: 

Two slit interference:   
Diffraction grating: d sinθ  = nλ 

Single slit diffraction:   
Diffraction of circular aperture:  
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Simple harmonic motion: 

Displacement: x  = xo sin(ωt  +  φ) 

Velocity: v  = ω xo cos(ωt  +  φ) 

     

Acceleration:      a  =  –ω2 x 

Period:   

Mass on a light spring:   
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Fields: 

Electric field strength:    

Uniform field:   
Force between point charges: 

  
Electric field strength of a point charge:  

!  
Force between point masses: 

  

Electric potential:   

Gravitational potential:   

Work:    
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The following constants may be useful in answering some of the questions in 
the examination. 

Acceleration of free fall on and near the Earth’s surface   g = 9.81 m s−2 

Gravitational field strength on and near the Earth’s surface   g = 9.81 N kg−1 

Boltzmann constant   k = 1.38 × 10−23 J K−1 

Molar gas constant R = 8.31 J K−1 mol−1 

Avogadro’s constant NA = 6.02 × 1023 mol−1 

Coulomb’s law constant k = 1/(4πεo) = 8.99 × 109 N m2 C−2 

Charge of an electron e = −1.60 × 10−19 C 

Mass of an electron me = 9.11 × 10−31 kg 

Electronvolt        1 eV = 1.60 × 10−19 J 

Gravitational constant G = 6.67 × 10−11 N m2 kg−2 

Permittivity of free space εo = 8.85 × 10−12 F m−1 

Permeability of free space µo = 4π × 10−7 H m−1 

Planck constant h = 6.63 × 10−34 J s 

Speed of light in a vacuum c = 3.00 × 108 m s−1 

Unified atomic mass unit u = 1.66 × 10−27 kg 
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SECTION A      

Answer all questions in this section. Please make sure that you write the 
question number in the margin. 

Each question carries 10 marks 

Question 1 

(a) An air layer of volume V and density ρ is made to oscillate by a sound wave.   
The amplitude of oscillation is  A while the period is T.  The kinetic energy is 

given by 

     KE  =     

 where k is a dimensionless constant.  By using base units, establish whether 
the equation is homogeneous.  (4) 

  

(b)  A car is moving round a circular track with a constant speed of 20 m 
s-1.   

2

2

T
A Vk ρ
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At different times the car is at A, B and C respectively, as shown.  
Find the velocity change from 
(i)  A to C        (2) 
(ii)  A to B        (4)  
  

  
  
       

Question 2 

A simple pendulum performs very small oscillations such that, at any instant, the 
displacement y (in metres) of the bob of the pendulum is given by the expression 

    y  =  0.02 cos 4.3 t  

where t represents time (in seconds). 

(a) Sketch a graph of y against t clearly indicating the values of the  
 amplitude and the periodic time on your sketch. [3] 
   
(b) What is the maximum speed of the oscillating bob? [2] 
   
(c) If the bob has a mass of 50 g and the string is light, calculate the total  
 energy of the oscillating pendulum. [3] 
    
(d) Explain why, in practice, the total energy of the oscillating pendulum  
 will diminish with time.  [1] 
  
(e) In view of your answer to (d) explain why the value 0.02 in the above 

expression will actually not remain constant with time. [1] 
  

                                                 A                                 
20 m s-1 

                                                                                   B 

                                                                                    
20 m s-1 

                       20 m s-1              C
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Question 3 

The foot of a uniform ladder is on rough horizontal ground and the top rests 
against a smooth vertical wall.  The weight of the ladder is 400N.  A man, weighing 
800N, stands on the ladder one-quarter of its length from the bottom.  If the 
inclination of the ladder to the horizontal is 30o, find 

(a) the reaction at the wall,      (5) 

(b) the magnitude of the total force exerted by the ground on the 
          ladder.                                                    (5) 

     

Question 4 

An object of mass 2.00 kg is attached to the hook of a spring balance and  the 
balance is suspended vertically from the roof of a lift as shown. 

 

  
What is the reading on the spring-balance when the lift is  

 (i)  ascending with an acceleration of 0.2 m s-2   (4) 

              (ii)        descending with an acceleration of 0.1 m s-2   (4) 
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 (iii)  ascending with a uniform velocity of 0.15 m s-1?  (2) 

   

Question 5 

The diagram shows a binary star system consisting of two stars each of mass 4 × 
1030 kg, separated by 2.0 × 1011 m.  The stars rotate about the centre of mass of 
the system. 

  

 (a) Where is the centre of mass of the binary star system?   (1) 

 (b) What is the gravitational field strength at the centre of mass of the binary 
star system?  Explain.  (2) 

  
(c) What force do the two stars exert on each other? (2) 
  
(d) What is the linear speed of each star? (3) 

(e) Determine the period of rotation. (2) 

              direction of motion

2.0 × 1011 m
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Question 6 

An electron having a negative charge of magnitude 1.6 ×  10-19 C  is accelerated 
from rest by a potential difference of 300 V. 

(a) What is the kinetic energy gained by the electron in 
(i)  eV    (1) 

 (ii)   J?           (1)        

(iii) Calculate its final velocity.   (2) 

(b) The electron then enters the region between two charged parallel plates,  1 
cm apart, across which a potential difference of 1000 V is maintained.  The 
electron enters at right angles to the field between the two plates.  
Determine the  

(i) electric field strength between the plates,           (2 ) 

(ii) the electric force experienced by the electron.  (2) 
  
(iii)    Why can the gravitational force on the electron be ignored completely?       

(1) 
    
(iv) Explain why the force in (ii) remains constant anywhere in the region 

between the two charged plates.              (1) 

Question 7 

A diffraction grating forms part of an optical spectrometer used to measure the 
wavelength of a beam of monochromatic light.  

The grating has 400 lines per mm.  Bright images were observed at the following 
angular positions (as read on the spectrometer scale) shown in the table below. 

  
S t r a i g h t 
Through

1st Order Left 1st Order Right 2nd Order Left 2 n d O r d e r  
Right
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(a) What do you understand by the term monochromatic?  (1) 

(b) Calculate the grating spacing in metres.  (1) 
  
(c) Calculate two values for the wavelength used, using the given data for the 

first and second order images.  (2,2) 
  
(d) Hence determine an average value for the wavelength. (1) 
(e) What is the highest order visible for this laser light?  (3) 

Question 8 

The current through a conductor changes with time over a period of 3.0 s as 
shown. 

(a) State the essential internal feature that allows a specific material to be a 
conductor  
 of electricity.   [2] 

Reading on 
Spectrometer’s 
M e a s u r i n g 
Scale 
In degrees

167.4 178.9 155.8 191.3 143.6
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(b)     (i) Calculate the total charge passing through the conductor in this time. 
  [3] 
  

    (ii) Calculate the total number of electrons flowing past a point in the 
conductor  in this time.         
   [2]   
   (iii) Calculate the drift velocity of the electrons at t = 1.5 s. Take the 
cross- sectional area of the conductor to be 2.0 × 10-6m2 and the number of 
free  electrons per m3 to be 1.0 × 1029m-3.                                                                    
[3] 

Section B.   Answer any FOUR questions from this section.   

USE THE OTHER BOOKLET FOR THIS SECTION. 
DO NOT forget to write the question number in the margin. 

Page | !  11



Each question carries 25 marks 

Question 9 

(a)   The diagram shows monochromatic light that is incident on a glass block  
       of refractive index 1.52 and width 10.0 cm. 

(i)  What does a “refractive index of 1.52” indicate about the behaviour light 
as it    
      enters the glass block?       [1] 

(ii) If monochromatic light of a different colour is  incident on the glass block, 
would the  
     refractive index of the glass change or would it stay fixed at 1.52?   
     Explain.     [2] 

      
     

(iii)  Find the angle of refraction inside the glass block.     [2] 
  

(iv) Hence find the distance travelled by the light inside the block and the  
 t i m e i t t a k e s t o e m e r g e f r o m t h e b l o c k .                                                 
[2,3] 

(b) An illuminated object is placed 35.0cm in front of a convex lens of focal 
length  
 20.0 cm and an image is formed on a screen, placed on the other side of the 
lens.  

40o

10.0 cm
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(i) Calculate the image distance from the lens.     [3] 

(ii) What is the magnification m of the image?       [2] 

(iii) The distance between object and screen are kept fixed and the lens is 
moved  

 between them until a second image appears on the screen.   
 State the respective object and image distances at which this will happen. 
[2]  

       
(c) A converging lens, in a slide projector, is used to magnify a square-shaped 
 slide, of area  4cm2, to an image covering a total area of 6400 cm2 on 
 the projector screen.   

(i) Find the linear magnification of the image.     [3] 

(ii) Hence, calculate the focal length of this lens if the screen is 82cm away 
 from the slide.         [5] 

 Question  10 

(a)   (i)  State the law of conservation of momentum.  [2]  
 
(ii) Show clearly  how this law is derived from Newton’s laws of motion.   [8] 

(iii) A force is exerted on a body such that it varies as shown in the graph below.  
             Determine the impulse sustained by the body.[3] 

   

  
                

(iv) Hence state the change in momentum experienced by the body.[1] 
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(b) A ball is thrown vertically up in the air.  Draw a diagram to show the  
 force/s acting on the ball 

(i)    on its way up  [2] 
(ii)   at the top of its flight when it is momentarily at rest  [2] 
(iii) on its way down. [2] 

(c) As a 62 kg skier descends from A to B her velocity increases from   8.5 m s-1 
to      23.3 m s-1.  Friction between A and B dissipates about 8700 J of the 
skier’s energy.  

            Through what vertical height, h, did the skier descend? [5] 

  

Question  11   

 (a) In an experiment to determine the Young’s modulus of steel, a long, thin 
wire of  
 steel is loaded and its extension determined for many different loads. 

(i)   What information about a material does the Young Modulus give?  (2) 

(ii)   What is the advantage of using a long and thin wire for this particular  
 experiment?   (2) 
  
(iii)   Apart from force and extension what other quantities would need to be 

known for the Young Modulus to be determined?   (4) 

(b)(i) Sketch a force-extension graph for a sample of rubber as it is taken through 
a loading-unloading cycle.  (4) 
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(ii) State two major differences between the elastic properties of rubber and 
those of a metal.   (4)    

  

(c) A gymnast of mass 70kg hangs by one arm from a high bar.  If the gymnast’s 
whole weight is assumed to be taken by the humerus bone, in the upper 
arm, calculate the  

(i) stress in the humerus if it has a radius of 1.5cm.  (2) 
  
  (ii) extension of the humerus.  You may consider the bone to be 
30.0cm long.  
    The Young Modulus for bone is 1.8 × 1010 Pa.      (2) 

(iii) energy stored in the extended bone  (2) 

(iv) How would you calculate the energy stored (in iii above) if you were given a 
stress-strain graph for the bone?   (3) 

  

Question 12 

(a)  A shell of mass 0.2kg is fired vertically upwards with a speed of 100 m s-1 
and 15s later arrives back at ground level with a speed of 80 m s-1. 

(i)  Find the total work done against air resistance during flight. (3) 

 (ii) Find the total change in momentum of the shell during the flight. (3) 
   
(iii) Hence, determine the size of the average force acting on it during the 

entire 15s.   (3) 
   

(b) The same shell is now fired at an angle of 50o to the horizontal with the 
same speed of 100 m s-1.  It strikes the same level ground a time t later.    

(i) Determine t, ignoring the effects of air resistance in your calculation.  (3) 
         
(ii) What is the horizontal range of the shell?  (3) 

(iii) Sketch a graph to show how the vertical acceleration of the shell varies with 
time during the entire trajectory.  (3) 

       
(iv) Sketch a graph to show how the vertical velocity of the shell varies with 

 time.        (3) 

(c)    Air resistance rises significantly as the velocity of a moving object increases. 
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(i) For a body, dropped from a very large height, explain why the velocity of 
descent will eventually stabilize to a constant value.   (2) 

(ii) What is this constant velocity called?  (1) 

(iii) Sketch a velocity-time graph to illustrate the situation described.   (1) 

Question 13 

For a rigid body rotating around an axis of symmetry, the angular  momentum can 
be expressed as the product of the body's moment of inertia and its angular 
velocity. 

(a) Define the two terms in italics.                [2,2] 
  

(b) State the law of conservation of angular momentum.  Outline any 
assumption  associated with this law.                 
[2,1] 
  
(i) A star has a mass of 4.75 × 1030 kg and radius of 1.2 × 105 km and spins at 

 about  
8.3 × 10−5 rad s−1.  Given that the moment of inertia I of a sphere of mass m 
and radius r, spinning about its central axis, is given by  I =  2/5 m r 2 , 
determine the angular momentum of the star. [3] 

   

(ii) If the star were to collapse and shrink under its own gravity (no mass is lost) 
to reach a final radius of 12km, determine the new spinning rate of the star.       
[3] 

  

(c)  A hollow cylinder and a solid cylinder are placed at the top of an incline.  
The cylinders are made from different materials such that they  both have 
the  same mass m and the same radius r. 

The two cylinders are allowed to roll down the incline.  The diagram shows 
one of the cylinders and the two principal forces acting on it along the 
plane:   P (the component of the weight acting down the plane) and f (the 
frictional force). 
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(i) Express the force P in terms of m and θ.     [1] 
    
(ii) Hence show that the linear acceleration a of each cylinder is given by:  
    a  =  g sin θ   −  f/m     [2] 

     
                                  
(iii) The frictional force exerts a torque τ  about the centre of the cylinder.  
Show  that the angular acceleration α of the cylinder, caused by this torque, is 
given by: 

     α  =  f r / I 

            where I is the moment of inertia of the cylinder.    [3] 

       
(iv) Given that a  =  α  r show that for each cylinder, the linear acceleration a is    
 given by: 

     a   =        [4] 
     
 (v) Explain which cylinder you would expect to reach the bottom first.  
 [2] 
  

⎟
⎠

⎞
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⎝
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Question 14 

(a)   A body travelling with constant speed v along a circular path r must 
necessarily be acted upon by a force.  Explain how this may be inferred 
from Newton’s first law of motion.     (2) 

(b) With the aid of a suitable diagram show that the acceleration a caused by 
this force is given by 

     a  =  v 2/ r          (12) 

               
(c)   The figure shows a toy runway.  After release from a point X, a small model 
car runs  

down the slope, loops the loop and travels onwards towards Z.  The radius 
of the loop is 0.25m. 

     
(i)  Ignoring the effects of friction, outline the energy changes as the model car  
        moves from X to Z.  (4) 

(ii)  What is the minimum speed with which the car must pass point P at the top of 
the loop if it is just to remain in contact with the runway?  (4) 
    
(iii)  What is the minimum value of h which allows the speed calculated in (ii) to 
be achieved?   (3) 

X 

                                                                 P 

h 

                                                                 Y                                                                    
Z                                    
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