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PHYSICS DATA:   
 
speed of light in free space c = 3.00 x 108  m s−1 
permeability of free space 0 = 4 x 10−7  H m−1 
permittivity of free space 0 = 8.85 x 10−12  F m−1  

 (1/(36)) x 10−9  F m−1 
elementary charge e = 1.60 x 10−19  C 
the Planck constant h = 6.63 x 10−34  J s 
unified atomic mass constant u = 1.66 x 10−27  kg 
rest mass of electron me = 9.11 x 10−31  kg 
rest mass of proton mp = 1.67 x 10−27  kg 
molar gas constant R = 8.31   J K−1 mol−1 
the Avogadro constant NA = 6.02 x 1023  mol−1 
the Boltzmann constant k = 1.38 x 10−23  mol−1 
gravitational constant G = 6.67 x 10−11  N m2 kg−2 
acceleration of free fall g = 9.81  m s−2 

 
 
PHYSICS FORMULAE: 
 
uniformly accelerated motion s = u t  +  ½ a t2 
 v2 = u2  +  2 a s 
work done on / by a gas W = p V 
hydrostatic pressure  P = gh 
gravitational potential 

 = -
Gm

r
 

temperature T / K = T / ˚C + 273.15 
pressure of an ideal gas 

p = 
1
3

Nm
V

〈c2〉 

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

kT 
displacement of particle in s.h.m.  x = x0 sin t 
velocity of particle in s.h.m.  v = v0 cos t 
  = 22

0 xx −  
electric current I = Anvq 
resistors in series R = R1 + R2 + ... 
resistors in parallel 1/R = 1/R1 + 1/R2 + ... 
electric potential 

V = 
Q

4πεor
 

alternating current / voltage x = x0 sin t 
magnetic flux density due to a long straight wire 

B = 
μoI
2πd

 

magnetic flux density due to a flat circular coil 
B = 

μoNI
2r

 

magnetic flux density due to a long solenoid B = μonI 
radioactive decay x = x0 exp(−t) 
decay constant 

λ = 
2
1

2ln
t
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Section A 
Shade your answers on the OMR sheet. 

 
 

1 A satellite is in orbit above a planet at a height of 42000 km. The radius of the planet is 4600 km. 
The orbital period of the satellite is 24 hours. 
 
What is the mass of this planet? 
 

 A 241.3 10  kg  B 243.7 10  kg  C 245.9 10  kg  D 248.0 10  kg  
 
 
 

2 A mass m is isolated in space. Point P is 5000 km from the centre of mass m and has a 
gravitational potential of −1000 J kg−1. Point Q is 2500 km from the centre of mass m. 

 
 
When a small test mass is moved from point P to point Q, what is the increase in gravitational 
potential experienced by the test mass? 
 

 A +1000 J kg−1 B −1000 J kg−1 C +3000 J kg−1 D −3000 J kg−1 
 
 
 

3 The displacement x of a body of mass 0.020 kg in simple harmonic motion varies with time t 
according to the equation  
 

x = 5.0 x 10−3 sin (6𝜋t) 
  
where x is in metres and t in seconds.  
 
What is the maximum restoring force on the body? 
 

 A 0.00189 N B 0.0355 N C 0.0942 N D 1.78 N 
 

 
 

4 While travelling on a level road, a small car passes over a speed bump and experiences rapid 
vertical oscillations. The amplitude of the oscillations is 0.100 m, and its angular frequency is 
8.72 rad s−1. 
 
What is the shortest time taken for the car to move from its lowest point to a point 0.0250 m below 
its equilibrium position during its oscillations? 
 

 A 0.0290 s B 0.151 s C 1.66 s D 8.66 s 
 
 

mass m 
point Q point P 

2500 km 

5000 km 
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5 The graph below shows how the displacement x of a body varies with time t when it is oscillating 
with simple harmonic motion. 
 

 

 

 

 

 

 

Which statement about the body is false? 

 A The kinetic energy of the body is a minimum at P. 
 B The kinetic energy of the body is a maximum at Q. 
 C The kinetic energy of the body at R is half the maximum kinetic energy. 
 D The kinetic energy of the body at R is 0.75 times the kinetic energy at Q. 

 
 
 

6 A point source emits 60 W of sound uniformly in all directions. A small microphone of area 
7.5  10−5 m2 detects the sound at 5.0 m from the source.  
 
What is the power received by the microphone? 
 

 A 1.4  10−5 W B 1.4  10−4 W C 9.0  10−4 W D 1.4  10−1 W 
 
 
 

7 Two identical vertical spring-mass systems execute simple harmonic motion of the same 
amplitude and frequency. The graph below shows the variation of the displacement x of the 
masses with time t.  
 
 
 
 
 
 
 
 
 
 
 
 
What is the phase difference between them? 
 

 A 90° B 120° C 135° D 150° 
 
 
 
 
 
 

t 

x 

 - x0 

½ x0 

- ½ x0 

  x0 

Q 

P 

0 t T 

R 

x 
xo 

1
2 ox   

- xo 
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8 Two sheets of polaroid, P and Q, are placed so that their polarising directions are parallel and 
vertical, as shown below. A parallel beam of light passes through polaroid P. The beam after 
passing through polaroid P has amplitude A. The beam then passes through polaroid Q.   
 

 
 
Polaroid Q is now rotated about the axis of the light beam, as shown below. 

 
 

What is the smallest angle θ through which Q must be rotated for the amplitude of the emergent 
beam from Q to be reduced to ½ A? 
 

 A 30° B 45° C 60° D 90° 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

polaroid P polaroid Q 

unpolarised 

incident light θ 

polaroid P polaroid Q 

unpolarised 

incident light 

direction of 
polarisation 

polarised light 

amplitude A 
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9 A tuning fork is made to vibrate above a burette filled with water. The water is allowed to run out 
of the tube. A loud sound is heard when the length of the air column is L1 = 18 cm and again 
when the length is L2 = 45 cm. 

 
What is the wavelength of the sound in the air column? 
 

  A 27 cm B 54 cm C 60 cm D 72 cm 

 
 
 
10 A beam of white light was projected onto a diffraction grating with 400 lines per mm. 

 
How many orders of the entire visible spectrum (400 nm to 700 nm) can be produced using this 
grating? (Do not count the zeroth order.) 
 

  A 3 B 4 C 6 D 7 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

burette 

water 

tuning fork 
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11 Some ideal gas is contained in two flasks X and Y. The flasks are connected by a tube of 
negligible volume that is fitted with a tap, as shown. 
 

 
 

With the tap closed, the pressure and volume of the gas in flask X are pX and VX respectively. In 
flask Y, the gas has pressure pY and volume VY. The temperature of the gas in both flasks is T. 
 
The tap is opened. After some time, the temperature of the gas returns to T. 
 
Which expression gives the final pressure of the gas in the flasks after opening the tap once the 
temperature has returned to T? 
 

 A X X Y Y

X Y

p V p V
V V

+
+

        

 B X X Y Y

X Y

1
2
p V p V
V V

+
+

       

 C 
( )X Y X Y

X Y

p p V V
V V
+
+

        

 D 
( )( )X Y X Y

X Y

p p V V
V V

− −
+

       

 
 
 
12 A school laboratory has dimensions 12 m by 10 m by 3 m. The laboratory contains air of molar 

mass 0.029 kg, at an atmospheric pressure of 1.0  105 N m−2. The air has a density of 1.2 kg m−3. 
 
What is the root-mean-square speed of the gas molecules in the air? 
 

 A 410 m s−1 B 500 m s−1 C 50000 m s−1 D 61000 m s−1 
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13 A droplet of oil of mass 0.21 g is held in equilibrium between two horizontal parallel charged 
plates as shown. The droplet of oil has a charge q. The parallel plates are fixed with a separation 
of 5.0 cm and a potential difference of 34 V is applied across the plates. 
 

 
 
What is the electric field strength experienced by the droplet of oil? 
 

 A 0.070 N C−1 B 34 N C−1 C 680 N C−1 D 41.6 10 N C−1 
 
 
 
14 An electric current 4.0 A=I flows through a cylindrical shaped copper wire as shown. The wire 

has a cross-sectional area A = 4.0  10−6 m2. 

 
 

Given that the number of free electrons per cubic metre for copper is 8.6  1028, what is the drift 
velocity of electrons through the copper wire? 
 

 A 1.2  10−23 m s−1 B 7.3  10−5 m s−1 
 C 8.5  10−3 m s−1 D 2.2  105 m s−1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

34 V 
droplet of oil with charge q 

plate 

plate 

5.0 cm 

copper wire 

direction of 
current 

cross-sectional 
area A 
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15 A battery A with internal resistance 0.25 Ω is connected in series with a uniform resistance wire 
PQ as shown. Resistance wire PQ has a length of 1.2 m and a resistance of 3.0 Ω. A cell B and 
a sensitive ammeter is connected to points P and J on the resistance wire. 

 
 

The ammeter reads zero. 
 
What is the length PJ? 
 

 A 0.32 m B 0.35 m C 0.36 m D 0.39 m 
 
 
 

Proceed to Section B  

0.25 Ω 5.0 V 

battery A 

P Q 

0.30 Ω 

1.5 V 

J 

cell B 

1.2 m 

sensitive 
ammeter 
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Section B 
Answer all questions in the answer spaces provided in this paper. 

 
 

1 Coherent light of wavelength 590 nm is incident normally on a double slit, as illustrated in 
Fig. 1.1. 

 
Fig. 1.1 (not to scale) 

 
Both slits in the double-slit arrangement are rectangular with a width of 0.15 mm. The separation 
of the two slits is 3.2 mm. 
 
A screen is placed parallel to the plane of the double slit at a distance of 2.8 m from the double 
slit. 
 

 (a) Initially, one of the two slits is covered. 
 
Calculate the width of the central bright maximum formed on the screen by diffraction 
through the uncovered slit. 

    

  width = …………………..…………….. m [4] 
    

 
 
 

  

3.2 mm 

2.8 m 

coherent light 
wavelength 

590 nm 

double slit screen 

0.15 mm 
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 (b) State the Rayleigh criterion for the resolution of two images. 
   

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

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

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

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

[2] 
    
 (c) Both slits in the double slit are now uncovered. 

 
Use the Rayleigh criterion to explain whether the diffraction patterns produced by the two 
slits are seen on the screen as being separate. 

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

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

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

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

 
[3] 

    
 (d) Calculate the width of a fringe produced by the interference of light passing through the 

uncovered double slit. 
    

  fringe width = …………………..…………….. m [2] 
    
 (e) Use your answers to (a) and (d) to estimate, to one significant figure, the number of 

double-slit fringes observed in the central bright maximum produced by diffraction at one 
of the slits. 

    

  number = …………………..……………..  [1] 
    

[Total: 12] 
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2 A receiver aerial is placed between a transmitter emitting radio waves at a single fixed frequency 
and a metal sheet, as shown in Fig. 2.1. The radio waves undergo π radians phase change upon 
reflection at the metal sheet.  

 
Fig. 2.1 

 
The metal sheet is moved away from the receiver aerial by distance h. The variation of the 
intensity detected by the receiver aerial with h is shown in Fig. 2.2. 

 

 
Fig. 2.2 

 
 (a) A minimum intensity is detected when h = 0.  

 
State the phase difference, in radians, between the direct wave from the transmitter and 
the reflected wave at the receiver aerial when h = 0. 

   
 
 

phase difference = ………………………… rad 

 
 
 

[1] 
   

 
 
 
 
 
 
 
 
 
 
 
 

 

in
te

ns
ity

 / 
ar

bi
tra

ry
 u

ni
ts

 

distance moved by sheet h / cm 
0 50 100 150 
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 (b) Explain why as h increases, the intensity detected by the antenna alternates between 
maximum and minimum. 

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

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

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

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

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

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

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

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

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

 
[3] 

    
 (c) Explain why as h increases, the intensity of the minimum increases. 
   

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

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

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

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

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

[2] 
    
 (d) Use Fig. 2.2 to estimate, to one significant figure in cm, the wavelength of the radio wave.  
    

  wavelength = ………………………………. cm [2] 
    

[Total: 8] 
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3 (a) Define electric field strength.    
   

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

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

………………………………………………………………………………………………... [2] 
    
 (b) A charged solid metal sphere A is isolated in vacuum. The variation with distance x from the 

centre of sphere A of the electric field strength E is shown in Fig. 3.1. 

 
Fig. 3.1 

  
  (i) Explain why the electric field strength is zero for certain values of x. 
    

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

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

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

[1] 
     
  (ii) Using Fig. 3.1, state the radius of the sphere A.   
    

 
 

   radius = ………………………… cm [1] 
     
  (iii) Using Fig. 3.1, determine the magnitude of the charge of sphere A.  
    

 
 

   charge = ………………………… C  [2] 

E / 106 V m−1 

x / cm 

0.0 
0.0               5.0              10.0              15.0              20.0 

5.0 

10.0 

15.0 

20.0 
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 (c) Another charged solid metal sphere B is placed with a centre-to-centre separation of 25 cm 
from sphere A as shown in Fig. 3.2. Both metal spheres are isolated in vacuum. 

 
Fig. 3.2 (not to scale) 

 
Point P is a point on the line joining the centres of the two spheres. Point P is a distance x 
from the centre of sphere A. 
 
The variation with distance x from the centre of sphere A of the electric potential V due to 
both spheres is shown in Fig. 3.3. 

 
Fig. 3.3 

 
  (i) State and explain whether the spheres have charges of the same, or opposite, sign. 
    

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

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

[1] 
     

V / 105 V 

x / cm 

2.0 
0.0               5.0              10.0             15.0             20.0             25.0  

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

25 cm 

x 

P 

sphere A 
sphere B 
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  (ii) Using the charge of sphere A found in (b)(iii), determine the charge of sphere B. 
     

   charge = ………………………… C  [2] 
     
  (iii) State and explain the direction of the electric field at point P, where x = 10.0 cm. 
    

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

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

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

[2] 
     
  (iv) Use Fig. 3.3 to determine the magnitude of the electric force on an electron placed at 

point P, where x = 10.0 cm. 
     

   magnitude of electric force = ………………………… N  [3] 
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  (v) An electron is initially at rest a long distance from spheres A and B. The electron 
approaches the spheres and passes between the two spheres. 
 
Calculate the minimum speed of the electron as it crosses the line joining the centres 
of the two spheres. 

     

   speed = ………………………… m s−1  [2] 
     
  (vi) Suggest why the answer in (c)(v) is not possible.  
    

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

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

[1] 
     

[Total: 17] 
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4 The I-V characteristic graph for a thermistor shown in Fig. 4.1. 
 

 
Fig. 4.1 

 
 (a) Explain why the resistance of the thermistor decreases when the temperature of the 

thermistor increases. 
   

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

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

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

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

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

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

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

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

0 
0 

1.0 2.0 3.0 4.0 

1.0 

2.0 

3.0 
I / A 

V / V 
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 (b) In an attempt to obtain the graph in Fig. 4.1 for the thermistor, a student set up a circuit as 
shown in Fig. 4.2. 

 
Fig. 4.2 

 
A cell of e.m.f. 3.5 V with negligible internal resistance is connected to the thermistor, a 1.5 Ω 
fixed resistor and a variable resistor.  
 
When the variable resistor has a resistance value of 2R, the thermistor has a resistance value 
of R. The potential difference across the variable resistor is 2.0 V. 
 

  (i) Determine the value of R.  
    

 
   R = ………………………….. Ω [2] 
     
  (ii) Use Fig. 4.1 to determine the current passing through the thermistor.  
    

 
   current = ………………………….. A [2] 
    

 
 
 
 
 
 
  

1.5 Ω 

A 

V 

3.5 V 
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  (iii) The variable resistor has a resistance between zero to 10 Ω. 
 
Explain, using appropriate calculations, why the circuit shown in Fig. 4.2 is inappropriate 
for determining the graph of Fig. 4.1. 

    

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

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

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

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

     
[Total: 9] 

 
 
 
 

  



21 
 

[Turn over 

5 (a) A battery of e.m.f. E and internal resistance r is connected to a load of variable resistance R 
as shown in Fig. 5.1. 

 
Fig. 5.1 

 
  (i) Derive an expression for the power P dissipated in the load resistor in terms of 

E, r and R. 
    

    [2] 
     
  (ii) On Fig. 5.2, sketch the variation of the power P dissipated in the load with resistance R 

of the load resistor. At the maximum point of the curve, label the axes with appropriate 
expressions. 

   

 
Fig. 5.2 [3] 

     

 battery E 

r 

R 

P 

R 0 
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 (b) A battery has an e.m.f. 12.0 V and internal resistance 0.500 Ω. It is connected to a parallel 
arrangement of four lamps, as shown in Fig. 5.3. 

 
Fig. 5.3 

  
Each lamp has a constant resistance of 30.0 Ω. 
 
For the circuit as shown in Fig. 5.3, calculate 
 

  (i) the terminal potential difference of the battery, 
    

   terminal potential difference = …………………………..V [2] 
     
  (ii) the total power dissipated in the four lamps,  
    

 
   power = …………………………..W [2] 
     
  (iii) the efficiency, assuming that the total power dissipated in the lamps are useful power. 
    

    efficiency = ………………………….. % [2] 

  12.0 V 

0.500 Ω  

battery 
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 (c) A student thinks that the brightness of the lamps in (b) would be increased by connecting an 
additional resistor in the circuit, placed so as to extract the maximum power from the battery. 
 
The additional resistor may be placed as shown in Fig. 5.4(a) or in Fig. 5.4(b). 

 
Fig. 5.4(a) 

 
Fig. 5.4(b) 

 
State and explain in which of the two circuits, shown in Fig. 5.4(a) or Fig. 5.4(b), should the 
additional resistor be connected so as to extract the maximum power from the battery. 

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

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

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

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

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

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

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

    
[Total: 14] 

 
End of Paper 

 
 
 
 
 
 

  

  
12.0 V 

0.500 Ω  

battery 

  
12.0 V 

0.500 Ω  

battery 


