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Data
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 = 8.85 × 10–12 F m–1

gravitational constant G = 6.67 × 10–11 N m2 kg–2

electron mass me = 9.11 × 10–31 kg

proton mass mp = 1.67 × 10–27 kg

unified atomic mass constant u = 1.66 × 10–27 kg

molar gas constant R = 8.31 J K–1 mol–1
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Section 1

You are advised to spend about 1 hour 30 minutes on this section.

1 (a) Define gravitational field strength.

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

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

 (b) Fig. 1.1 represents a region of space near the surface of the Earth.

surface of the Earth

Fig. 1.1

  (i) On Fig. 1.1, draw five solid lines, with arrows, to represent the gravitational field in this 
region. [2]

  (ii) Add to Fig. 1.1, a dashed line that joins points of equal gravitational potential. [1]

 (c) A point P is 15.5 m above the surface of the Earth.

  (i) Calculate the gravitational potential difference between P and the surface of the Earth.

 gravitational potential difference =  ................................................ J kg–1 [1]

  (ii) An object at rest at P is dropped and falls freely until it strikes the surface of the Earth.

   Calculate the maximum possible speed of the object as it strikes the Earth.

 speed =  ................................................. m s–1 [2]

 [Total: 7]
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2 When subjected to forces, objects can undergo deformation.

 (a) (i) State how elastic deformation differs from plastic deformation.

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

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

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

  (ii) State the name of a material that, when under increasing stress, shows 

   1. very little plastic deformation,

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

   2. both elastic and plastic deformation,

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

   3. plastic deformation, but very little elastic deformation.

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

 (b) A wire of length 7.65 m and cross-sectional area 3.51 × 10–2 cm2 is made from a material of 
Young modulus 1.86 × 1011 Pa.

  One end of the wire is fixed to a ceiling. A load of mass 12.8 kg is attached to the lower end of 
the wire.

  Calculate

  (i) the extension of the wire,

 extension =  ...................................................... m [3]

  (ii) the energy stored in the stretched wire.

 energy =  .......................................................  J [2]

 [Total: 9]
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3 (a) Define

  (i) momentum,

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

  (ii) impulse.

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

 (b) An aeroplane is at rest on a runway. It accelerates in a straight line along the runway and 
after 55.0 s it takes off.

  While the aeroplane is in contact with the runway, the resultant force on it varies. Fig. 3.1 is a 
sketch graph that shows how the resultant force varies with time.

1.13 × 105

0.97 × 105

force / N

0
0 5.0 25.0 55.0

time / s

Fig. 3.1

  (i) State two reasons why the acceleration of the aeroplane is not constant as it travels 
along the runway.

1.  .......................................................................................................................................

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

2.  .......................................................................................................................................

 ...........................................................................................................................................
 [2]
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  (ii) Calculate the momentum of the aeroplane at take-off.

 momentum =  ....................................................  N s [4]

  (iii) The total mass of the aeroplane is 7.31 × 104 kg.

   Calculate the velocity vmax of the aeroplane at take-off.

 vmax =  ................................................. m s–1 [1]

  (iv) On Fig. 3.2, sketch the shape of the velocity-time graph for the aeroplane as it travels 
along the runway.

vmax

velocity

0
0 5.0 25.0 55.0

time / s

    Fig. 3.2 [3]

  (v) Estimate the distance the aeroplane travels along the runway.

 distance =  ...................................................... m [2]

 [Total: 14]
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4 (a) (i) State Kirchhoff’s first law.

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

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

  (ii) Fig. 4.1 shows the part of a circuit that includes five resistors.

I2 = 2.15 A I5 = 1.90 A

I3 = 1.10 A

I1

I6

I7

I4

Fig. 4.1

   The currents in the different branches of the circuit and their directions are shown in 
Fig. 4.1. The values of the currents I2, I3 and I5 are shown.

   Deduce the values of I1, I4, I6 and I7 and complete the table. [2]

current / A
I1 I2 I3 I4 I5 I6 I7

2.15 1.10 1.90

 (b) (i) State Kirchhoff’s second law.

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

 .......................................................................................................................................[1]
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  (ii) Fig. 4.2 shows a circuit that includes a 12.0 V battery of negligible internal resistance and 
five resistors.

12.0 V

4.0 V

9.6 V

V3

V2

V1

A

B

Fig. 4.2

   The potential differences across the five different resistors are shown in Fig. 4.2.

   Deduce the potential differences V1, V2 and V3.

 V1 = ................................ V

 V2 = ................................ V

 V3 = ................................ V
 [2]

  (iii) State the direction of the current in the resistor between points A and B and explain why 
it is in this direction.

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

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

 (c) Kirchhoff’s first law and Kirchhoff’s second law are each related to a different principle of 
conservation.

  State what is conserved in each law.

first law  .....................................................................................................................................

second law  ................................................................................................................................
 [2]

 [Total: 10]
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5 Fig. 5.1 shows a ray of monochromatic light entering a rectangular block of glass at an angle of 
incidence of 60.0°.

60.0°

60.0°

x glass block

8.85 cm

Fig. 5.1 (not to scale)

 The glass block is 8.85 cm wide. The refractive index of the glass is 1.54 for light of this frequency. 

 (a) The ray of light that emerges from the block is parallel to the ray of light that enters the block. 
The ray is displaced sideways by a distance x.

  Calculate the distance x.

 x =  ....................................................  cm [4]



11

9792/02/M/J/17© UCLES 2017 [Turn over

 (b) The dashed line in Fig. 5.2 represents the path taken by the ray of light in (a).

glass block

Fig. 5.2 (not to scale)

  Monochromatic light of a different frequency enters the block along the same path. This light 
travels in glass at a slower speed than the light shown in Fig. 5.1.

  On Fig. 5.2, draw the path taken by this light as it travels through the block and after it leaves 
the block. Use a ruler. [2]

 [Total: 6]
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6 Draw sketch diagrams to illustrate

 (a) a standing (stationary) wave on a string at different times in its cycle,

 [2]

 (b) a wave that is π2 radians out of phase with the wave shown in Fig. 6.1,

    Fig. 6.1 [2]

 (c) the diffraction of a plane wave passing through a gap that is smaller than the wavelength of 
the wave.

  

direction
of wave

    Fig. 6.2 [3]

 [Total: 7]



13

9792/02/M/J/17© UCLES 2017 [Turn over

BLANK PAGE



14

9792/02/M/J/17© UCLES 2017

7 A neutron collides with a nucleus of uranium-235 in the nuclear reactor in a power station. The 
uranium nucleus undergoes fission.

 (a) The fission of the uranium nucleus forms a nucleus of xenon-143 (Xe) and a nucleus of 
strontium-90.

  The proton number of uranium (U) is 92 and the proton number of strontium (Sr) is 38.

  Using nuclide notation, write the nuclear equation for this reaction.

 [3]

 (b) The initial collision starts a chain reaction in the reactor.

  (i) Explain how the fission of uranium-235 makes it possible for a chain reaction to occur.

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

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

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

  (ii) Suggest why a control mechanism is needed in the reactor.

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

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

 (c) In the nuclear reactor, the fission of one uranium nucleus releases, on average, 215 MeV of 
energy.

  The specific heat capacity of water is 4190 J kg–1 K–1.

  Calculate the number of uranium nuclei that must undergo fission in order to supply the 
energy needed to increase the temperature of 25.6 kg of water by 42.0 K.

 number of nuclei =  ...........................................................[4]
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 (d) The activity of strontium-90 in a quantity of nuclear waste from the power station is currently 
4.93 × 108 Bq.

  The half-life of the isotope strontium-90 is 28.8 years.

  Predict what the activity due to the strontium-90 will be in 720 years’ time.

 activity =  ....................................................  Bq [3]

 [Total: 13]
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8 (a) (i) Describe two observed features of the photoelectric effect that cannot be explained 
using classical wave theory.

1.  .......................................................................................................................................

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

2.  .......................................................................................................................................

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

  (ii) Explain how quantum theory accounts for the observed features given in (a)(i).

1.  .......................................................................................................................................

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

2.  .......................................................................................................................................

 ...........................................................................................................................................
 [2]
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 (b) The apparatus represented in Fig. 8.1 is used in an experiment that determines a value for 
the Planck constant.

A

V

photocell

variable frequency
radiation source

sliding contact

Fig. 8.1

  (i) Explain how the apparatus represented by Fig. 8.1 is used to determine the stopping 
voltage.

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

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

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

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

  (ii) Explain how this experiment is used to determine a value for the Planck constant.

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

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

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

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

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

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

 [Total: 9]
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Section 2

You are advised to spend about 30 minutes on this section.
Your answers should, where possible, make use of any relevant physics.

9 A nickel-cadmium (NiCd) cell is rechargeable.

 Fig. 9.1 shows a type AA nickel-cadmium cell.

+

−

Fig. 9.1

 This cell has a capacity of 600 mA h.

 (a) Determine the discharge time for this cell when delivering a current of 120 mA.
  Assume the efficiency is 100%.

 discharge time =  ....................................................... h [1]

 (b) With reference to Extract 3,

  (i) describe the voltage characteristics of the cell up to about 70% of full charge,

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

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

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

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

  (ii) describe the problems that might occur if the cell is overcharged.

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

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

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

 .......................................................................................................................................[3]
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 (c) A student uses a battery of four of these NiCd cells to power a buzzer. He then adds an 
additional NiCd cell, but mistakenly connects it the wrong way round. The effective resistance 
of the buzzer is 4.3 Ω.

  The internal resistance of a single nickel-cadmium cell is 0.54 Ω and its electromotive force 
(emf) is 1.24 V.

  Fig. 9.2 is a circuit diagram for his arrangement.

single
NiCd cell
1.24 V

0.54 Ω

buzzer
4.3 Ω

battery of four
NiCd cells

internal
resistance

of the battery

Fig. 9.2

  (i) Determine the current in the circuit when the switch is closed.

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

  (ii) On Fig. 9.2, draw an arrow to show the direction of the conventional current in the circuit.
 [1]

  (iii) Determine the potential difference across the battery of four cells.

 potential difference =  ......................................................  V [2]
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 (d) A battery charger is used to recharge an NiCd cell.

  The charger includes a low-voltage 50 Hz a.c. power supply and four identical diodes W, X, 
Y and Z which do not conduct in the reverse direction. In the forward direction, each diode 
conducts when the potential difference (p.d.) across the diode is greater than 0.70 V.

  Fig. 9.3 shows how the cell is connected to the a.c. power supply using the four diodes.

a.c.
power
supply

W X
M

N
ZY

O P
nickel-cadmium cell

Fig. 9.3

  (i) The current in the cell during each half-cycle of the a.c. power supply is always in the 
same direction.

   Explain this with reference to the circuit in Fig. 9.3.

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

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

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

 .......................................................................................................................................[2]
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  (ii) Fig. 9.4 shows how the emf of the a.c. power supply and the current in the cell vary with 
time.

8.0

6.0

4.0

2.0

0

–2.0

–4.0

–6.0

–8.0

emf / V

0.010 0.02 0.03

0.10

0.05

0

current / A

emf of the
power supply

time / s

current
in cell

Fig. 9.4

   1. At certain times, there is no current in the cell, even though the emf of the power 
supply is greater than zero.

    Suggest one reason why, at these times, there is no current in the cell.

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

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

   2. Use Fig. 9.4 to estimate the quantity of charge that flows in the cell in a 0.010 s 
period of time.

 charge =  ......................................................  C [2]

  (iii) Immediately after it is manufactured, the cell is uncharged. The cell has a capacity of 
600 mA h.

   Use the answer obtained in (d)(ii)2 to determine the time taken to charge the cell fully.
   Assume a charging efficiency of 100%.

 time =  .......................................................  s [2]
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 (e) A capacitor of capacitance of 62.5 μF is charged using an NiCd cell.

  Fig. 9.5 is the circuit used.

0.54 Ω

1.24 V

62.5 μF

Fig. 9.5

  The switch is closed. There is a current in the cell that decreases until it is zero.

  (i) Explain why the current in the cell decreases and eventually falls to zero.

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

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

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

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

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

  (ii) The capacitor is discharged. The switch is then closed momentarily for 0.20 ms.

   Discuss whether this time interval would be sufficiently long to fully charge the capacitor.

   Support your answer with appropriate calculations.

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

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

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

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

 [Total: 25]
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