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Data 
 
speed of light in free space, c = 3.00 × 108 m s−1 
 
permeability of free space, µo = 4π × 10−7 H m−1 
 
permittivity of free space, εo = 8.85 × 10−12 F m−1 
 
  = (1/(36π)) × 10−9 F m−1 

 
elementary charge, e = 1.60 × 10−19 C 
 
the Planck constant, h = 6.63 × 10−34 J s 
 
unified atomic mass constant, u = 1.66 × 10−27 kg 
 
rest mass of electron, me = 9.11 × 10−31 kg 
 
rest mass of proton, mp = 1.67 × 10−27 kg 
 
molar gas constant R = 8.31 J K−1 mol−1 

 
the Avogadro constant, NA = 6.02 × 1023 mol−1 
 
the Boltzmann constant, k = 1.38 × 10−23 J K−1 
 
gravitational constant, G = 6.67 × 10−11 N m2 kg−2 
 
acceleration of free fall, g = 9.81 m s−2 
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Formulae 
 
uniformly accelerated motion,     s = ut + 1

2
at2 

     v2 = u2 + 2as 

 
work done on/by a gas,     W =   p∆V 
 
hydrostatic pressure,     p = ρgh 
  
gravitational potential,     φ =  −Gm/r 
   
temperature,          T/K  =  T/oC + 273.15 
   

pressure of an ideal gas,     p =   21
3

Nm c
V

< >  

mean translational kinetic energy of an ideal gas molecule,  E =  kT
2
3

 

 
displacement of particle in s.h.m.,     x = x0 sin ωt 
 
velocity of particle in s.h.m.,     v = v0 cos ωt 
   
      =    ±ω 22 xxo −  
 
electric current,     I  =  Anvq  
 
resistors in series,     R = R1 + R2 + . . . 
 
resistors in parallel,     1/R =     1/R1 + 1/R2 + . . .   

electric potential,     V =    
r

Q

oπε4
 

 
alternating current / voltage,     x = x0 sin ωt 
 

magnetic flux density due to a long straight wire,     B  = 0

2 d
Iµ

π
 

 

magnetic flux denxity due to a flat circular coil,     B  =  0

2
N
r

Iµ
 

 
magnetic flux density due to a long solenoid,      B = 0nIµ  
 
radioactive decay,     x = x0 exp(−λt) 
 

decay constant,     λ = 
1
2

ln2
t
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Section A 
Answer all the questions. 

 
1  The force F experienced by a charge q moving with speed v at an angle θ to a magnetic field 
   of flux density B is given by F = Bqv sin θ. 

 
 What is the base unit for B? 

 
 A N C−1 m−1 s rad−1 

 
 B kg s−2 A−1 

 
 C kg A−1 rad−1 

 
 D  kg A−1  

 
 

2  The power P dissipated by a resistor of resistance R is given by VP
R

=
2

 where V is the potential 

  difference across the resistor. 

 
 Experimental results give the following: 

 
V = (6.52 ± 0.08) V 
R = (18.3 ± 0.4) Ω 
 

 Calculate the power dissipated with its uncertainty. 
 
 

 A (2.3 ± 0.1) W 
  

 B (2.32 ± 0.05) W 
 

 C (2.32 ± 0.08) W 
 

 D  (2.323 ± 0.046) W 
 

 
 

3  A stone is thrown with a velocity of 26 m s-1 at an angle of 30o above the horizontal.  
 

What is the magnitude of the change in velocity from its starting point to the highest point along 
its path? 

 
A   3.5 m s-1   B   13 m s-1   C   22 m s-1   D   26 m s-1 
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4  An object is released from an open door of an aircraft in level flight. 

  It takes three seconds for the object to reach terminal velocity. 

  Which statement about the motion of the object is correct? 

 

A The horizontal component of its velocity is constant. 
 

B The horizontal component of its acceleration is zero. 
 

C The vertical component of its velocity decreases for three seconds. 

D  The vertical component of its acceleration is zero after three seconds. 
 

 

 

5 An astronaut throws a ball near the surface of the Moon, where there is no air resistance. The 
ball’s initial velocity has a vertical component of 8.00 m s-1 and a horizontal component of  
4.00 m s-1 as shown. 

           

  The acceleration of free fall near the surface of the Moon is 1.62 m s-2. 

  What will be the speed of the ball 9.00 s after being thrown? 

  A 7.7 m s-1   B 22.9 m s-1  C 80.4 m s-1  D 96.4 m s-1 
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6 Two objects of masses m1 and m2 are connected by a light rod as shown. The objects are 
moving with acceleration a, down a smooth slope that is inclined at an angle 300 to the 
horizontal.  

What is the tension in the rod? 

 

 

 

 

 

A  0.5m1a    

B (m1 + m2)a  

C (m1 - m2)a    

D zero 

 

 

7  Student A and Student B engage in a game of tug of war. Student A wins the game, and  
Student B falls forward.   

Which of the following statements is correct? 

 
  A The force exerted by Student A on Student B is larger than that exerted by Student B on 

   Student A. 

  B The frictional forces exerted by the ground on both students are the same. 

  C The force exerted by Student A on Student B is larger than the frictional force exerted by 
   the ground on Student B. 

  D All of the above. 

. 

 

 

 

 

 

a 

m1 

m2 rod 

300
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8 The three forces acting on a hot-air balloon that is moving vertically are its weight, the  
air resistance and the upthrust. 

The hot-air balloon descends vertically at constant speed. The air resistance exerted on the 
balloon is F. 

What weight of material must be released from the balloon so that it ascends vertically at the 
same constant speed? 

A F   B 2F   C 3F   D 4F  

 

9 A wire W, initially of length L, is fixed at one end and pulled by a force F at the other end. The 
wire extends by x. 

 

 

 

  

  Three wires, all identical to wire W, are connected as shown to form a composite wire. 

 

 

 

 

  The composite wire is fixed at one end and pulled by the same force F at its other end. 

  What is the total extension of the composite wire? 

A 
5
6

x   B 
4
3

x   C 
3
2

x   D 2x  

 

10 A car of mass 1.5 × 103 kg travels along a horizontal road at a speed of 20 m s-1. It then 
accelerates at 0.30 m s-2. At the time it begins to accelerate, the total resistive force acting on 
the car is 360 N. 

What total output power is developed by the car as it begins the acceleration? 

A   1.8 kW  B   7.2 kW  C   9.0 kW  D   16.2 kW 

 

F 

x 
wire W 

fixed L 

F 
fixed L 

L 

L 
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11 A stone is thrown at an initial velocity u at an angle of 30o above the horizontal. Its initial kinetic 
energy is K.  

What is the kinetic energy, in term of K, of the stone at the highest point of the motion? 

A 0 K   B 0.50 K   C 0.75 K  D   0.87 K 

 

 

12 The motor M in a crane is used to lift a total mass of 1400 kg through a height of 2.0 m at a 
constant speed of 1.6 m s−1. The motor is 20% efficient. 

 

What is the minimum input power to motor M? 

A 11 kW  B 22 kW  C 110 kW  D   140 kW 

 

 

13 A radar tower 150 m tall is built at the equator on top of a hill 2850 m high above mean sea 
level.  

As a result of the Earth’s rotation, what is the difference in speed between a man at the top of 
the tower and someone at mean sea level? 

A 0 m s−1 

B 0.011 m s−1 

C 0.22 m s−1 

D 790 m s−1 

 

2.0 m 

1400 kg 
1.6 m s−1 
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14 A stone of mass M and weight W is attached to a string and is rotating in a vertical circle of  
radius r. The stone has an angular velocity ω when it is vertically above the centre of the circle. 

 

What is the tension in the string when the stone is vertically above the centre of the circle? 

A    2Mr Wω −         B    2Mrω          C   2W Mrω−        D    2W Mrω+  

  

 

15 Which of the following is a property of a uniform gravitational field? 
 

A  Its magnitude is the same in all directions. 

B  No work is done if an object moved into it. 

C  The potential has the same value at all points within it. 

D   Its field strength is the same at all points within it. 
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16  The figure below shows points W, X, Y and Z on a line joining the centre of the Earth to the 

centre of the Moon. W and Z are on the surfaces of the Earth and Moon respectively. X is the 
mid-point between the Earth and the Moon. Y is a point where a mass placed there will not 
experience any resultant force. 

 
 

 

 

 

 

Which two points have the greatest difference in gravitational potential? 
 

A W and X  B W and Y  C W and Z  D Y and Z 
 
 
 

17 A particle of mass 3.0 kg undergoes simple harmonic motion. The graph below shows the 
variation with time t of its kinetic energy EK. 

 

 

What is the maximum acceleration of the particle? 

A 12 m s−2        B     24 m s−2          C     36 m s−2       D     48 m s−2                 

 

 

 

 

t / s 

EK / J 

88 

1.0 
0 

W X Y 

Earth 

Moon 

Z 
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18 Which diagram shows the variation with time t of the displacement y of an object that is 
undergoing lightly-damped oscillations? 

 

 

 

19 Which diagram shows a correct equipotential line due to two point charges X and Y of equal 
magnitude and opposite sign?  

 

 

 

 

 

 

 

 

 

 

 

A B 

C D 

A B 

C D 
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20 A charged oil drop is held stationary between two oppositely charged horizontal plates. 

The weight of the oil drop is 2.0 ×  10−14 N. 

 
The potential difference between the plates is 400 V. 

 

 

 
The potential difference between the plates is now increased to 600 V and the polarities of the 

 plates reversed. 
 

 What is the magnitude of the resultant force acting on the oil drop? 
 

 A  1.0 × 10−14 N 

 B  2.0 × 10−14 N 

C  3.0 × 10−14 N 

 D  5.0 × 10−14 N 
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Section B 
Answer all the questions. 

 
 
 
1 A stone is thrown vertically upwards. The variation with time t of the displacement s of the stone 

is shown in Fig. 1.1. 

      

 

(a) Use Fig. 1.1 to describe, without calculation, the speed of the stone from t = 0 to  
t = 3.0 s. 
 
.........………………………………………………………………………………………......... 
 

.........………………………………………………………………………………………......... 
 
.........………………………………………………………………………………………......... 
 
.........………………………………………………………………………………..……….. [2] 
 
 
 
 
 
 
 
 
 

Fig. 1.1 
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(b) Assume air resistance is negligible. 
 
Calculate, for the stone, 
 
(i) the speed at 3.0 s, 

 
 
 
 
 
                 speed = ……………………. m s-1  [2] 
 

(ii) the distance travelled from t = 0 to t = 3.0 s, 
 
 
 
 
 
 
 
 
              distance = ……………………. m [2] 
 

(iii) the displacement from t = 0 to t = 3.0 s. 
 

     
 
 
 
 
         displacement = ……………………. m 
 
       direction ………………………………..…………… [2] 
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(c) Using Fig. 1.2, sketch the variation with time t of the velocity v of the stone from t = 0 
to t = 3.0 s. Numerical values of the velocity are not required for this sketch.    [2] 
 

                       

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.2 

v / m s−1 

0.5 1.0 1.5 2.0 2.5 3.0 
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2 A student is investigating the different possible types of collision undergone by two objects. 
  
 In the study, box A of mass 0.50 kg and box B of mass 0.30 kg move toward each other on 

a frictionless track as shown in Fig. 2.1. Both boxes have the same initial speed of 2.0 m s-1. 
 

 
 
 
 

Fig. 2.1 
 

(a) State the principle of conservation of momentum. 
 

.........………………………………………………………………………………………...... 
 

.........………………………………………………………………………………………...... 
 

.........………………………………………………………………………………………. [2] 
 
(b) The student assumes that both boxes undergo an elastic head-on collision. After the 

collision, box A and box B move off with velocity VA and VB respectively. 
  
 Calculate VA and VB. 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 

                       VA = ……………….……… m s-1 

 

 
              VB = …….………………… m s-1  [3] 
 

 

 

A 
B 2.0 m s-1 2.0 m s-1 
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(c) In another scenario, the student places sticky tape on box B such that the two boxes 
stick together after the collision. 

 
(i) Determine the magnitude of the final velocity of box A and box B. 

 
 
 
 
 

 
           final velocity = …………...…….………. m s-1  [1] 
 
(ii) State and explain whether the acceleration of box A is greater, smaller than 

or equal to the acceleration of box B during the collision.  
 

 .........…………………………………………………….…………………………… 
   

.........…………………………………………………….…………………………… 
 

.........………………………………………...……………………………………. [2] 
 

 
(iii) Calculate the ratio 

 

 total kinetic energy of box A and box B after the collision
total kinetic energy of box A and box B before the collision

. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   
              ratio = …………….………………..  [2] 
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3 (a) A cylinder of circular cross-sectional area is made from a material of density  
2.7 g cm−3. The cylinder has diameter 2.4 cm and length 5.0 cm. 

  Show that the weight of the cylinder is 0.60 N.                 [2] 

 

  

 

 

 (b) The cylinder in (a) is hung from end A of a non-uniform bar AB, as shown in Fig. 3.1. 

            

 

  The bar has length 50 cm and has weight 0.25 N. The centre of gravity of the bar is  
20 cm from B. The bar is pivoted at P. The pivot is 12 cm from B. 

  An object X is hung from end B. The weight of X is adjusted until the bar is horizontal 
and in equilibrium. 

(i) Explain what is meant by equilibrium. 
 
.........…………………..…………………………………………………………......... 
 
.........…………………..…………………………………………………………... [2] 

 
(ii) Calculate the weight of X. 

 
 

 
 
 
    

Fig. 3.1 
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                 weight = ……………………. N [2] 
 
 

(c) The cylinder is now immersed in a liquid of density 1.26 g cm-3, as illustrated in Fig. 3.2.  
      

                  

 

  An upthrust acts on the cylinder and the bar is not in equilibrium.  

(i) Explain the origin of the upthrust. 
 
.........…………………..…………………………………………………………......... 
 
.........…………………..…………………………………………………………......... 
 
.........…………………..……………………………………………………………. [1] 
 
 

(ii) Explain why the weight of X must be reduced in order to obtain equilibrium for 
the bar. 
 
.........…………………..……………………………………………………………….. 
 
.........…………………..…………………………………………………………......... 
 
.........…………………..…………………………………………………………..... [1] 

 
 

(iii) Calculate the new weight of X needed to achieve equilibrium for the bar. 
 

 

 

 

 

 

 

liquid 

Fig. 3.2 
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                   new weight  = ……………………. N [2] 

4 (a) An  object  moving in a circular path of radius r experiences an  acceleration  a  even  
when travelling at constant speed v. 

(i) Explain how it is possible for the object to accelerate and yet at the same time 
have constant speed. 

.........…………………..……………………………………………………………... 
 

.........…………………..…………………………………………………………...... 
 
.........…………………..……………………………………………………………... 

 
.........…………………..…………………………………………………………...... 

 
.........…………………..…………………………………………………..……... [3] 

 

(ii) State an expression for this acceleration a in term of v and r. 

.........…………………..………………………………………………..…………. [1] 

 

(b)  Fig.  4.1 shows the forces acting on a child who is riding backwards and forwards on 
a swing that follows a circular arc of radius r. 

 

Fig. 4.1 (not to scale) 
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The child’s weight is mg. R is the force of the seat on the child. As the instantaneous speed 
v of the child changes, R also varies. 

As the child swings through the lowest point on the circular arc, θ = 0°, her instantaneous 
speed is 4.7 m s–1. The child weighs 200 N and the radius r is 2.8 m. 

Calculate the value of R at this instant. 

 

 

 

 

 

 

 

R = ....................................................... N [2] 

 

(c) A car moves in a horizontal circular path of constant radius. While the car is travelling 
around the circle, the people in the car have the sensation that they are being thrown 
outwards.  

Outline how Newton’s first law of motion accounts for this sensation. 

.........…………………..…………………………………………………………...........................

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

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

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

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

.........................................................................................................................................  [3] 
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5 A satellite of mass m orbits the Earth of mass M and radius rE. The radius of the orbit is R. 

The satellite and the Earth may be considered to be point masses with their masses 
concentrated at their centres. They may be assumed to be isolated in space. 

 
(a) (i) State Newton’s law of gravitation.  
 

.........…………………..………………………………………………………….......... 

.........…………………..………………………………………………………….......... 

    ……………………………………………………………...……………….……..… [1] 
 

 (ii) Derive, in terms of M and rE, the equation relating the Earth’s gravitational field 
strength g to the gravitational constant G.                        [2] 

 
 
 
 
 
 
 
 
 
 
 
 
 
(b) The angular velocity of the satellite is equal to the angular velocity of the Earth’s 

rotation about its own axis.  
 
 For the satellite in orbit of radius R, obtain an equation between R and rE.                [4]        
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(c) A Physics student made this statement: “If a geostationary satellite orbits at a larger 

radius, then it must have a larger orbital velocity so that it will still take 24 hours to 
make a revolution.”         

                            
   Explain whether the statement is true. 
 

.........…………………..…………………………………………………………................... 

.........…………………..…………………………………………………………................... 

.........…………………..…………………………………………………………................... 

  ……………………………………………………………………….…………….……..… [1] 
 
 

(d) It is generally possible to have a satellite orbit the Earth from east to west as well as 
from west to east.  

 
Explain why it is normally preferred to launch a satellite from west to east at the 
equator. 

 
.........…………………..…………………………………………………………................... 

.........…………………..…………………………………………………………................... 

.........…………………..…………………………………………………………................... 

  ……………………………………………………………………….…………….……..… [2] 
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6 (a)  State what is meant by an electric field. 
 

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

.................................................................................................................................. [1] 

 

 (b)  An isolated solid metal sphere has radius R. The charge on the sphere is +Q and the 
electric field strength at its surface is E. 

On Fig. 6.1, draw a line to show the variation of the electric field strength with 
distance x from the centre of the solid sphere for values of x from x = 0 to x = 3R. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6.1 

[4] 
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(c)  The sphere in (b) has radius R = 0.26 m. 

Electrical breakdown (a spark) occurs when the electric field strength at the surface 
of the sphere exceeds 2.0 ×  106 V m–1. 

Before electrical breakdown occurs, determine 

(i) the maximum charge that can be stored on the sphere,  

 

 

 

 

 

 

 

 

charge = ........................................................ C [3] 

 

(ii) the electric potential at the surface of the sphere. 
 

 

 

 

 

 

 

 

 

 

electric potential = ........................................................ V [3] 
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7 (a) For an object oscillating in simple harmonic motion, state the features of the graph of 
the variation with displacement of its acceleration. 

 
…………………………………………………………………………………………………

……………....………………………………………………………………………………[2] 

 (b) Fig. 7.1 shows a mass suspended on a spring. The force constant of the spring is 
0.032 N cm−1. The spring is loaded with a mass of 450 g. 

 
 
 
 
 
 
 
 

 
 

         Fig. 7.1 
 

The mass is pulled down by a distance 4.0 cm below the equilibrium position and 
then released at time t = 0. It undergoes simple harmonic motion. 

The frequency of the oscillation is given by f = 
1 k

2 Mπ
where k is the spring constant 

and M is the mass of the load. 
 
  Calculate, for the mass, 

 
(i)  the time taken for one complete oscillation.      

 
 
 
 
 

 
 

    time = …….………… s  [3] 

 
(ii)  its speed when it is 1.0 cm above the lowest point of oscillation. 
 

 
 
 
 
 
 

 
        

 
speed = ….…………… m s−1  [3] 
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(iii) On Fig. 7.2, sketch the variation with time t, of displacement x,  
velocity v and the acceleration a, for one complete oscillation. Take upward 
direction as positive. You are required to indicate numerical values on each 
axis. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
             
  
 
 
 
 

 
 
 

             
 

Fig. 7.2 
 
 

                 [7] 
 
 
 
 
 

 

t / s 

x / m 

t / s 

t / s 

v / m s−1
 

a / m s−2 
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 (c) Indiana Jones is outside the Temple of Doom. His pathway is blocked by a huge 
blade that moves up and down with simple harmonic motion as shown in Fig. 7.3. 
The top edge of the blade moves all the way up to the roof, which is at a height of 
2.20 m above the ground, and the bottom edge of the blade touches the ground every 
4.0 s as shown in the figure. The blade has a vertical width of 0.80 m.  

 

 
                 Fig. 7.3 

 
(i) Determine the amplitude of the oscillation.    

 
 

 
 
 
 
 

amplitude = ……………………. m [2] 
 

(ii) The only way Indiana can enter the Temple of Doom is to roll under the blade. 
Indiana needs a space that is at least 0.55 m high to do so.  
 
Find the maximum duration in one cycle that Indiana has to roll under the blade. 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

duration = ……………………. s [3] 

END OF PAPER 

roof 


