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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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Formulae Pages 

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: !  

r
v

dt
d

==
θ

ω

r
a

dt
d

==
ω

α

r
mvF

2
=

ατ I=

( )21
2τ θ Iω= Δ

Ray optics:  

Refractive index: 
!  

  !  
  !   

Thin lenses: !  (real is 
positive) 

  !  (Cartesian)   

Magnification: ! (real is 
positive) 

  !
(Cartesian)  
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Mechanics: !  

Newton’s second law: !  

Power: P = Fv 

Momentum: p = mv 

dt
mvdF )(

=
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Capacitance: 
Capacitance of parallel plates: 

!  
Capacitors in parallel:    C = C1 + C2 
+… 

Capacitors in series:  !  

Energy stored:   !  

Charging:        !  

Discharging: !  
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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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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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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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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 
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Unified atomic mass unit u = 1.66 × 10−27 kg 

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 

The graph shows how the velocity of a van changes as it travels from one delivery 
point to another over a total time of 100 minutes. 
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(a) Calculate the duration of the trip between points A and E in seconds. [1] 
(b) Describe carefully the type and direction of motion of the van at each stage 

between A and E. [1,1,1,1] 
(c) Calculate 
 (i) the total distance travelled by the van in metres [1] 
 (ii) the average speed of the van in m s−1. [1] 
(d) Sketch a graph that shows the variation of distance with time between points 

A and E.  Indicate clearly on your graph the values of distance and time at 
each stage.  [3] 

Question 2 

(a) State Newton’s second law of motion. [2] 
(b) When a mass is surrounded by a fluid, it experiences an upward force 

equivalent to the weight of fluid displaced.  A spherical ball bearing of mass 
130.0 g and diameter 2.4 cm, falls through a thick liquid of density 4950.0 kg 
m−3. 

 (i) Determine the value of this upward force. [2] 

 (ii) If the ball bearing starts falling from rest, sketch a velocity-time graph 
for its motion until its velocity becomes steady. [3] 

 (iii) With the help of your sketch in part (ii), describe the motion of the  
 ball bearing as it starts moving from rest until it reaches a steady 

velocity. [3] 

Question 3 

(a) Explain in non-mathematical terms what is meant by the term moment of 
inertia of a body. [2] 
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(b) A flywheel has a moment of inertia of 15 kg m2 about a horizontal axis 
through its centre.  There is a constant frictional torque of 12 N m that opposes 
this motion.  An external torque is applied to increase the flywheel’s angular 
velocity from 0 rad s−1 to 80 rad s−1 in 9 s.  Calculate  

 (i) the magnitude of the applied torque, [2] 

 (ii) the angular momentum after 9 s, [2] 

 (iii) the rotational kinetic energy at this time. [2] 

(c) After 9 s the external torque is removed.  Calculate the time taken for the 
flywheel to come to rest.  [2] 

Question 4 

Two lengths of wire of the same metal are connected in series with a 2.0 A 
current passing through the first one as shown in the figure below.  Both 
lengths have square cross-sectional area, the first with sides 1 mm long and 
the second with sides 2 mm long.   

(a) (i) What is the current through the second length of wire, I2? [1] 
(ii) Find  the drift velocity of each wire individually (n = 4.67 × 1028 m−3). 

[1,1] 

 

 
                    I1  = 2.0 A 
                                                                                                                      I2 

(b) (i)  What is the difference between intrinsic and extrinsic  
  semiconductors?  [2]  

(ii) Why is the conductivity of intrinsic semiconductors very low at 
subzero temperatures? [1] 

(iii) Explain briefly how the two types of extrinsic semiconductors are 
produced.  Your answer should indicate the types of dopants used in 
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each case and what the majority charge carriers are in each situation. 
[4]   

Question 5 

(a) Two balls A and B with identical masses of 0.20 g carry identical negative 
charges.  When suspended from the same point by 50cm-long strings, they 
make an angle of 37o with the vertical as shown. 

 
                                                                                  
                                                                                37o 

                                                                                           50 cm 

  
                                                                                             
                                                A                                                         B 
                                                                                             

(i) Draw a diagram of all the forces acting on A and label them. [3] 
 (ii) Find the magnitude of the charge on each ball. [3] 
 (iii) Estimate the number of electrons on each ball. [1] 

(b) (i) Explain what is meant by electric field strength and potential at a  
  point in an electric field. [1,1] 

 (ii) State whether each is a vector or a scalar. [1] 

Question 6 

(a) Explain why stationary waves are easily produced on a stretched string fixed 
at both ends. [2] 

(b)  A string of length 2 m is kept vertically taut by a weight of 20 N hanging from 
its bottom end whilst keeping the top end fixed.  When the string is plucked 
from the middle, it starts vibrating at its fundamental frequency. 

 (i) What is meant by the term fundamental frequency? [1] 

 (ii) If the string has a mass of 10 g, what is its mass per unit length? [2] 
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 (iii) Calculate the fundamental frequency emitted. [2] 

 (iv) What would the frequency of the second harmonic be? [1] 

(v) The hanging weight is immersed in water and experiences an upthrust 
of 5 N.  Calculate the new emitted frequency. [2] 

Question 7 

(a) A step-index optical fibre has a core made of glass of refractive index 1.52.  
The cladding is made of material of refractive index 1.47. 

(i) Explain what is meant by a step-index optical fibre. [1] 
(ii) Calculate the critical angle for the core-cladding boundary. [2] 

!  

(iii) If the monochromatic beam of light enters the fibre at an angle of 15o 
as shown, calculate angles A and B. [2,1] 

(iv) Give one reason why a cladding material is used in an optical fibre. [1] 

(v) Explain the effect of using a cladding material of refractive index less 
than 1.47. [2] 

(b) State one advantage of using an optical fibre for information. [1] 
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Question 8 

The spectrum of light from most stars contains lines corresponding to helium 
gas. 

 Figure A shows the helium spectrum from the Sun. 
 Figure B shows the helium spectrum from a very distant star. 

!

!  

(a)   What can you notice about the spectral lines from the very distant star and 
what is this phenomenon known as?    [1,1] 

(b) What does it demonstrate about the distant star?  [2] 

(c) State Hubble’s law.  [2] 

(d) If the age of the universe is taken to be approximately 13.7 billion years, work 
out a value for the ratio of the recessional velocity of a distant galaxy to its 
distance from the observer in s−1.   [2] 

 400                            500                                600                             700                     

Fig. A

Fig. B

  spectral lines
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(e) With a traditional optical telescope, the space between stars and galaxies (the 
background) is completely dark. However, a sufficiently sensitive radio  
telescope shows a faint background radiation, almost exactly the same in all 
directions, that is not associated with any star, galaxy, or other object. What 
 type of radiation is this and what is its ultimate source?         [1,1] 

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. 
Each question carries 25 marks 

Question 9 

(a) Define stress, strain and Young’s Modulus. [3] 
(b) Describe an experiment to determine the Young’s Modulus of a long thin 

metal wire.  Your description should include: 
 i. a list of equipment and materials to be used, 
 ii. a labelled diagram of the set-up, 
 iii. a description of the measurements that need to be taken, 
 iv. a table of results, 
 v. a sketch of the graph expected to be obtained from the results, 
 vi. an indication of how the value of the Young Modulus is to be  
  determined.   

[9] 

(c) A copper wire of diameter 0.35 mm and length 1.6 m is attached to one end of 
a steel wire of the same diameter but 1.3 m long.  A load of 35 N is attached to 
the lower end of the steel wire while the copper end is attached to a rigid 
support.  Given that the Young Modulus of copper is  1.3 × 1011 Pa and that of 
steel is 2.0 × 1011 Pa, 

 (i) calculate the stress and strain on each wire, [2,2] 
 (ii) state what can be concluded from these calculations, [1] 
 (iii) find the total extension of the two wires, [2] 
 (iv) calculate the effective Young Modulus for the whole system. [3] 
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(d) Engineers were investigating whether a 70 tonne train travelling at 0.45 m s-1 
would be able to stop when running into an elastic system which obeys 
Hooke’s law.  Calculate the stiffness constant for such a system if it is to be 
compressed by 12 cm.      [3]                           (1 tonne = 1000 kg) 

Question 10 

(a) State in words Newton’s Law of Gravitation. [2] 

(b) Explain what is meant by gravitational field strength g at a point. [1] 

(c) Sketch a graph to show the variation of g with distance from the surface of the 
earth. [2] 

(d) At one point in space, on a line between Earth and the moon, the 
gravitational field is zero.  If this point is 4.0 × 104 km from the centre of the 
moon, calculate the ratio of the mass of the moon to the mass of the earth.  
The distance between the centre of the moon and centre of the earth is 4.0 × 
105 km. [4] 

(e) Define the gravitational potential V of a point in the field. [1] 

(f) A geostationary satellite orbits the Earth of mass M in a circular path at a 
distance r from the centre of the Earth. 

(i) Explain what is meant by geostationary and state the direction of 
motion of the satellite. [2,1] 

(ii) By considering the Earth and the satellite as point masses, show that 

the speed v is given by  v 2  =    [2] 

(iii) If the mass of the satellite is m, determine an expression for the kinetic 
energy EK of the satellite in terms of G, M, m and r. [2] 

(iv) Use an expression for the gravitational potential energy of the satellite 
to show that the total energy ET of the satellite is given by 

     
    ET = −   [3] 
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(v) If the satellite gradually loses energy, state the effect of this change on 
the radius of the orbit and the speed of the satellite.   [1] 

(g) A satellite of mass 600 kg is in a circular orbit at a height of 2000 km above 
the Earth’s surface.  If the radius of the Earth is 6400 km, calculate  

 (i) the orbital speed [2] 
 (ii) the kinetic energy [1] 
 (iii) the gravitational potential energy. [1] 

 Mass of earth = 5.98 × 1024 kg 
  

Question 11 

(a) (i) Define simple harmonic motion. [2] 

 (ii) Use your definition to write down a mathematical equation to  
  represent SHM. [1] 

 (iii) Show that a mass m suspended from a spring which obeys Hooke’s  
law, vibrates  with SHM and derive an equation for the periodic time 
T of its oscillations in terms of m and k, the stiffness constant of the 
spring. [5, 3] 

(b) The equation of motion for  a particular mass m suspended from a spring of 
constant k is 

   x  =  0.40 cos (0.7 t   −   0.30) 
 where x is the displacement of the mass from its rest position, t is the time and 

the phase angle is in radians. Determine, for the motion of this mass, 

 (i) the amplitude [1] 
 (ii) the frequency of vibration [1] 
 (iii) the period [1] 
 (iv) the phase angle in degrees [2] 
 (v) the ratio k /m for the spring. [2] 

(c) (i) Explain the meaning of free and forced oscillations, giving one  
  example of each. [1,1,1,1] 
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(ii) Sketch a set of labelled graphs, on the same axes, to show how the 
amplitude of forced oscillations of a resonant system varies with 
driving frequency for very light, moderate and heavy damping. [3] 

Question 12 

(a) Explain, with the aid of diagrams, the principle of superposition of waves. [2] 

(b) Monochromatic light from a source passes through a single slit S and then 
through two narrow, parallel slits S1 and S2 separated by a distance a.  The 
light falls on a screen a distance d from the slits as seen in the figure.  A fringe 
pattern is formed on the screen. 
(i) The light from slits S1 and S2 is said to be coherent.  Define the term 

coherent in this context. [2] 

(ii) In the figure, A is a point on the screen where constructive interference 
occurs between waves coming from S1 and S2.  B is a point where 
destructive interference occurs.  State what would be observed on the 
screen at these two points.  [1,1] 

!  

(iii) If the light has a wavelength λ, write down the equation relating the 
quantities λ, d, a and the fringe spacing. [2] 

  
(c) The separation of the slits a is 0.80 mm and the distance between the slits and 

the screen d is 3.6 m. 
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(i) Calculate the fringe separation if the light has a wavelength of 440 nm.  
          [2] 

(ii) A point C on the screen is 9.9 mm away from the central bright fringe 
at O.  Show that a bright fringe is formed at C. [4] 

(iii) How far from C is the next dark fringe? [1] 

(d) Light of wavelength λ from a distant star is incident on a circular hole of 
diameter D. 

(i) Sketch a labelled graph of intensity I against angle θ of observation of  
 the diffraction pattern observed. [2] 

Light from another star, close to the first star, is also incident on the same 
circular aperture, producing its own diffraction pattern.  The two stars are just 
resolved. 

(ii) Sketch the overlapping diffraction patterns of the two stars. [3] 

(iii) Explain what is meant by limit of resolution.  When does this happen? 
[1,2] 

(iii) State and explain two ways how the resolution between the two stars 
can be improved. [2] 

Question 13 

(a) Explain what is meant by centripetal force.  Describe and explain one practical 
example of such a force.  [1,1] 

(b) Show that the acceleration a of a body moving in a circular path of radius r 
with uniform speed v is given by  

      a  =   

  
 Explain any symbols used.                                                  [6] 

(c) A motorcycle travels with uniform speed along a straight, level road.  The 
wheel of the motorcycle has a diameter of 540 mm and the angular velocity of 
the wheel about the axle is 65 rad s−1. 

 (i) What is the angular velocity of a point on the wheel which is midway 
between the axle and the outer edge of the tyre? [2] 
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 (ii) Show that the speed of the motorcycle is about 63 km h−1.  [2] 

(d) While travelling at this constant speed, the motorcycle passes over a hump-
backed bridge in the form of an arc of a circle in a vertical plane.  It travels 
over the bridge just without losing contact with the road. 

  
 (i) Calculate the radius of curvature of the bridge. [2] 

 (ii) If the motorcycle was travelling with a speed slightly higher than 63  
 km h−1, describe and explain qualitatively what would happen to the 

motorcycle as it  crossed the bridge. [2] 

(e) A metal sphere M of mass 1.6kg is suspended by a light string of length 1.2 m 
as shown.  The sphere is made to move in a horizontal circle  of radius 
0.7 m. 

!  

 (i) If the tension in the string is T and the weight is W while the  
  vertical angle is θ, write down expressions for the vertical and 

horizontal components of the tension. [1,1] 

 (ii) Identify which component in (e)(i)  supports the weight of the  
  sphere and find the magnitude of the tension in the string. [1,1] 
  
 (iii) Calculate the linear speed of the sphere as it moves in a horizontal  
  plane.  [3] 
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 (iv) Calculate the time required for the sphere to make one complete 
revolution. [2] 

           

Question 14 

(a) A stone is projected with a velocity of 30 m s−1 into the air from ground level 
at an angle of 35o as shown.  Air resistance on the stone is negligible 
throughout its entire trajectory. 

                                                                    30 m s−1 

 

       35o 

   X 
                                                                    
                                                                                 D 
  
            (i) Calculate the horizontal distance D travelled by the stone until it hits the 

ground at X. [3] 
  
           (ii) Calculate the magnitude and direction of the velocity of the stone 0.70 s 

after projection.  [3,1] 

 (iii) What would have been the effect on the range of the stone if the angle 
of projection were increased by 10o?  [2] 

 (iv) Draw the stone at its highest point of its trajectory and mark and label 
all the forces acting on it at that moment.  [2] 

(b) It is possible to throw the stone in part (a) with the same speed, but a different 
angle to the horizontal, so that it travels the same horizontal distance. 

 Sketch a copy of the figure in (a) and on the same sketch draw a labelled 
sketch of the trajectory obtained with this new angle.  [2] 

  
(c) A helicopter of mass 700 kg and having rotating horizontal blades each of 

length  3.5 m, climbs vertically upwards with a constant speed.  It displaces 
air vertically downwards with a velocity v. 

 (i) Find the volume of air displaced downwards per second by the rotating 
blades in terms of v. [3] 

(ii) Hence determine the mass of air displaced downwards per second in  
 terms of v.  [3] 
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 (iii) Determine the rate of change of momentum of the displaced air.  
            [3] 

 (iv) Hence, calculate the downward velocity v of the displaced air. [3] 

 Density of air = 1.3 kg m−3   
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