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Data 
 

speed of light in free space c = 3.00 × 108 m s-1 
  
permeability of free space µo = 4 × 10-7 H m-1 
  
permittivity of free space o = 8.85 × 10-12 F m-1 
  
        (1/(36)) × 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 mol-1 K-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 + (½) at2 
 v2 = u2 + 2as 
  
work done on/by a gas W = pV 
  
hydrostatic pressure p = gh 
  
gravitational potential GM

r
 = −  

 
temperature o/ K / C 273.15T T= +  

 
pressure of an ideal gas 21

3

Nm
p c

V
=  

mean translational kinetic energy of an            
ideal gas molecule 

3

2
E kT=  

  
displacement of particle in s.h.m. x = xo sin  t 
  
velocity of particle in s.h.m. 

0 cos tv v =  

2 2

0x x=  −  

electric current I = Anvq 
  
resistors in series R = R1 + R2 + … 
  
resistors in parallel 1/R = 1/R1 + 1/R2+ … 
  
electric potential 

04

Q
V

r
=  

  
alternating current/voltage x = xo sin  t 

 
Magnetic flux density due to a long straight wire 

0

2
B

d

I


=  

 
Magnetic flux density due to a flat circular coil 

0

2

NI
B

r


=  

 
Magnetic flux density due to a long solenoid 

0B nI=  

  
radioactive decay x = xoexp(-t) 
  
decay constant 

1/2

ln2

t
 =  
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Section A 

Answer all the questions in this section in the spaces provided.  

 

1. A sphere is projected horizontally. The sphere is photographed onto the same film 

negative at intervals of 0.100 s with an uncertainty of 0.001 s. The 7 images of the 
sphere are shown against a grid in Fig. 1.1. The actual uncertainty for the distances 
measured is 0.1 cm. Air resistance is negligible. 

 
 

            
Fig. 1.1 

 
(a) Use Fig.1.1 to determine the acceleration g of the sphere.      [2]  

 
 
 
 
 
 

g = …………………………. 

Horizontal distance/ m 

Vertical distance/ m 
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(b) Explain how your choice of the data point from Fig 1.1 helps to improve the reliability 
of your calculation in (a).         [1] 

 
 

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

 

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

 
(c) Use your answer in (a) to determine the actual uncertainty in the value of g. Hence 

give a statement of g, with its uncertainty, to an appropriate number of significant 
figures.           [4] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

g = …………….  …………………. 
 
(d) Using existing data, explain how you can improve the accuracy of g obtained by plotting 

a different graph.  Explain why this new method is more accurate.    [2] 
 
 

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

 

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

 
 

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

 

 ………………………………………………………………………………………………… 
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2(a) Student A claims, “When a ball hits and rebounds off a wall, there is impulse on the 

ball, but not on the wall because the wall does not move.”  

Discuss whether Student A is correct.      [2] 

 

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

 

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

 

(b) A ball B of mass 1.2 kg travelling at constant velocity collides head-on with a stationary 

ball S of mass 3.6 kg, as shown in Fig. 2.1.  

 

 

Frictional forces are negligible. The variation with time t of the velocity v of ball B before, 

during and after colliding with ball S is shown in Fig. 2.2.  

 

 

  

Fig. 2.1 

Fig. 2.2 

ball B 

ball S 
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(i) Using Fig. 2.2, explain whether momentum is conserved in this collision. [3]  

 

 

 

 

 

 

 

 

 

 

 

 

 

(ii)  Determine quantitatively whether the collision is elastic or inelastic.  [2] 
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3(a) A beam of vertically polarized light is incident normally on a polarizing filter, as shown  

in Fig 3.1 

 

                         

 

Fig 3.1 

 

(i) The transmission axis of the filter is initially vertical. The filter is then rotated 
through an angle of 360° while the plane of the filter remains perpendicular to 
the beam. 
 

On Fig 3.2, sketch a graph to show the variation of the intensity of the light in 

the transmitted beam with the angle through which the transmission axis is 

rotated.                 [1] 

 

 

Fig 3.2 

 

(ii) The intensity of the light in the incident beam is 7.6 W m-2. When the 
transmission axis of the filter is at angle θ to the vertical, the light intensity of 
the transmitted beam is 4.2 W m-2. Calculate the angle θ.            [2] 
 

 

 

 

 

 = …………………………. 
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(b) State what is meant by the diffraction of a wave.                       [2] 

 

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

 

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

 

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

 

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

 

(c) A beam of light wavelength 4.3 x 10-7 m is incident normally on a diffraction grating in 

air, as shown in Fig 3.3.                     

 

 

Fig 3.3 

  

The third-order diffraction maximum of the light is at an angle of 68° to the direction 

of the incident light beam.   

  

 (i) Calculate the line spacing a of the diffraction grating.         [2] 

 

 

 

 

 

 

a = ………………………… 



10 
 

(ii) Determine a different wavelength of visible light that will also produce a 
diffraction maximum at an angle of 68°.           [2] 
 

 

 

 

 

 

Wavelength = ………………………….. 
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4(a) State what is meant by the electric field strength at a point    [1] 

 

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

 

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

 

(b) A potential difference is applied between two horizontal plates, each 1.0 m long and 

separated by 2.5 cm. A beam of -particles enters the field horizontally mid-way 

between the plates at a speed of 1.5 x 107 m s-1. The electric field strength between 

the two plates is 7.5 x 104 N C-1 as shown in Fig. 4.1 which is not drawn to scale. 

 

(i) Calculate the force on each α-particle due to the electric field.  [2] 

 

 

 

 

Force = ……………………… 

 

(ii) Determine the time that each α-particle spends inside the field.  [1] 

 

 

 

 

 

Time = ……………………………..  

+ V 

– V 

Fig. 4.1 

1.0 m 

2.5 cm 

Beam of α-

particles 

1.5 x 107 m s-1 
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(iii) Show that the α-particles will not hit the plates.    [2] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(iv) Sketch on Fig 4.1, the path of the α-particles between and beyond the plates. 

           [1] 
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5(a) Define magnetic flux density.                  [2] 

 

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

 

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

 

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

 

(b) Electrons are moving in a vacuum with speed 1.7 x 107 m s-1. The electrons enter a 

uniform magnetic field of flux density 4.8 mT. The figure below shows the path of the 

electrons.    

 

 

Fig 5.1 

The path of the electrons remains in the plane of the page.  

 (i) State the direction of the magnetic flux density.                 [1] 

 

………………………………………………………………………………………………… 
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(ii) Calculate the magnitude of the force exerted on each electron by the 

magnetic field.                             [2] 

 

 

 

 

 

Magnitude of the force = ………………………. 

 

(iii) Use the information in (ii) to calculate the distance d between the path of the 

electrons entering the magnetic field and the path of the electrons leaving the 

magnetic field.                                                                     [3] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

d = ………………………… 
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6(a) The variation of an alternating voltage VP in volts with time t in seconds is given by 

  

VP = 170 sin (314t) 

Determine 

 

(i) the r.m.s. potential difference Vr.m.s      [1] 

 

 

 

Vr.m.s = …………………………….. 

 

(ii) the period, T of the voltage supply.      [2] 

 

 

 

 

 

 

T = …………………………… 

 

(b) The alternating voltage VP is connected to the primary coil of a transformer as shown 

in Fig. 6.1. 

  

An electric heater with resistance 130 Ω is connected to the secondary coil of the 

transformer. 

 
 

 

The primary coil consists of 2000 turns and the secondary coil consists of 3500 

turns. 

(i) Determine the peak potential difference, VS of the secondary coil.  [2] 

 

 

Vs = ……………………… 

primary coil 
secondary coil 

soft iron core 

  
heater 

130 Ω 

V
P
 

Fig 6.1 
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(ii) Determine the peak current, IP in the primary coil.    [3] 

 

 

 

 

 

 

Ip = …………………………….. 
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(c)  A diode and another identical heater are connected to the secondary coil as shown in  
Fig. 6.2. 

 

Sketch on the axes of Fig 6.3, the variation with time of the current I in the secondary 
coil when switch S is closed. Label the axes with appropriate values, Include on your 
graph a time equal to two periods of the alternating potential difference.  [3] 

 

 

  

primary coil 
secondary coil 

soft iron core 

  heater 

130 Ω 

V
P
 

A 
S 

  

I / A 

t / s 
0 

Fig 6.3 

Fig 6.2 
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7 VJC students are designing a space probe to explore the outer reaches of the Solar 

System. Because the space probe will travel very far away from the Sun, it cannot be 

powered using solar panels. Instead, a ‘nuclear battery’ called a radioisotope 

thermoelectric generator (RTG) that converts the heat produced from the nuclear fuel 

directly into electric energy. 

 

 The nuclear fuel to be used is strontium-90 ( 9038Sr ), with a half-life of 29 years. It 

decays by beta emission to form yttrium-90 (symbol: Y). 

 

(a) Write an equation to represent the decay of strontium-90 to yttrium-90.  [1] 

 

 

 

 

 

(b) The masses of a strontium-90 nucleus and a yttrium-90 nucleus are shown below: 

 

 Strontium-90: 89.907738u 

 Yttrium-90: 89.907151u 

 

 Show that the energy released in one reaction is 5.71 x 10-15 J.   [2] 

 

 

 

 

 

 

 

 

(c) The RTG is required to supply a power of 155 W at the beginning of the space 

mission. The efficiency of the conversion process from nuclear power to electrical 

power is 7.0%. 

 

(i) Show that the activity needed from the strontium-90 fuel at the beginning of 

the mission is 3.88 x 1017 Bq.       [2] 
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(ii) Calculate the number of nuclei of strontium-90 needed at the start of the 

mission.         [2] 

 

 

 

 

 

 

Number of nuclei = …………………………… 

 

(iii) Hence calculate the mass of pure strontium-90 needed at the start of the 

mission.         [2] 

 

 

 

 

 

 

 

 

 

 

Mass = ……………………………….  
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Section B 

Answer one question from this section in the spaces provided. 

8(a) There are approximately about 600 geostationary satellites orbiting around the Earth.  
The mass of the Earth is 5.9 x 1024 kg and its radius is 6.4 x 106 m.  

 
(i) Determine the angular velocity of a geostationary satellite.    [2]  

          
  

  
              
 
 
 
 
 
 
(ii) Calculate the radius of the geostationary orbit.    [3]

           
 

 
 
 
 
 
 
 
 
 
 
 
(iii) State one application of geostationary satellites.     [1] 

 
 

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

          
 

(iv) State one advantage and one disadvantage of using a geostationary orbit for 
the application stated in (a)(iii).      [2]  

 
 

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

 

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

 

………………………………………………………………………………………………… 
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(b) Fig. 8.1 shows a binary star system consists of two stars S1 and S2 with masses M1 
and M2 respectively rotating about a common centre. The centres of the two stars are 
separated by a distance R = 1.2 × 1010 m.  
 

                                 
 
       Fig. 8.1  
 

          The total gravitational potential due to the stars at any point along a line joining their 

centres is . Fig. 8.2 shows how  varies with the distance x from the centre of star S1.   
            (Values of the potential inside each star are not known.) 

 
 

 
                                                                       Fig. 8.2  
 

(i) State the relationship between gravitational potential  and gravitational field 
strength g.           [2] 

 
 

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

 

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

12 1/10  J kg −
 

x / 109 m 

S1 S2 

S1 S2 



22 
 

(ii) Explain, using Fig. 8.2, whether the gravitational field strength at the surface of star 
S1 is greater or less than the gravitational field strength at the surface of star S2.  
           [2] 

 

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

 

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

 

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

 
 

(iii) A particle is launched with kinetic energy Ek from the surface of star S2. The particle 
arrives at the surface of star S1. Use Fig. 8.2 to explain whether the kinetic energy 
of the particle at the surface of star S1 is less than, equal to, or larger than Ek.  [2]                                                                                    
 

 

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

 

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

 

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

 
(iv) Explain the significance of the maximum point on Fig. 8.2.     [1] 

 
 

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

 

(v) Determine the ratio 1

2

M

M
.        [3] 

 
 
 
 
 
 
 
 
 
 
 

1

2

M

M
 = ………………………………. 
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(vi) Sketch the variation with x of the gravitational field strength g between the surfaces 
of the two stars.  No numerical values are required.     [2] 
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9(a) A metal wire X of length 6.0 cm and diameter 0.30 mm is made of a material with 

resistivity 1.50 x 10-6  m at room temperature. 

(i) Show that the resistance of X at room temperature is 1.3 .          [2] 

 

 

 

 

 

(ii) The metal wire X is placed in a circuit in series with an ideal cell of e.m.f. of 

1.2 V and a variable resistor. An ideal voltmeter is connected across X to 

measure its p.d. V, and an ideal ammeter is connected in series with X to 

measure its current I, as shown in Fig. 9.1: 

 

 

 

 

 

 

 

      Fig. 9.1 

1. Distinguish between e.m.f. and p.d.         [2] 

 

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

 

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

 

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

 

  

V 

e.m.f =1.2 V 

X 
A 
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2. As the current through X is increased, its temperature rises. 

Sketch an I – V characteristic graph for X.        [1] 

 

 

 

 

 

3. Explain how the graph in (ii)2. can be used to determine the resistance of 

X for a given value of V.           [1] 

 

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

 

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

 

4. The variable resistor is set to 0.50 . Using the value of the resistance of 

X that you found in (i), calculate the fraction of the power delivered by the 

cell that is dissipated through X.          [2] 

 

 

 

 

Fraction = ……………………………….. 

 

(b) A light bulb is placed in a circuit with a rheostat and an ideal voltmeter connected 

across it. The resistance of the rheostat can be varied from 0  to 10 . The 

combination is placed in series with an ideal cell of e.m.f. 3.0 V and a resistor S of 

0.60 , as shown in Fig. 9.2: 

 

 

 

 

 

 

 

      Fig. 9.2 

V 

S 

e.m.f = 3.0 V 

0.60  
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(i) Explain how the reading on the voltmeter will change as resistance of the 

rheostat is varied from minimum to maximum value.        [3] 

 

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

 

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

 

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

 

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

 

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

 

(ii) Explain the purpose of resistor S.          [2] 

 

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

 

(iii) When the rheostat is set to the maximum setting of 10 , the voltmeter reads 

1.2 V. 

 

1. Calculate the current delivered by the cell.          [2] 

 

 

 

 

Current = ………………………….. 

 

2. Calculate the current flowing through the light bulb.         [3] 

 

 

 

 

 

Current = …………………………. 
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3. A student suggests that the rheostat can act as a switch for the light bulb, 

since setting the resistance of the rheostat to 0  will cause the current in 

the light bulb to drop to 0 A. Explain why it is not practical to use the 

rheostat as a switch.            [2] 

 

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

 

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

 

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

 

 

End of paper 
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