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Data

speed of light in free space, c = 3.00 × 108 m s–1

permeability of free space, �0 = 4� × 10–7 H m–1

permittivity of free space, �0 = 8.85 × 10–12 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

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 at 2

 v2 = u2 + 2as

refractive index, n = 1
sinC

capacitors in series, 1
C

 = 1
C1

 + 1
C2

 + . . .

capacitors in parallel, C = C1 + C2 + . . .

capacitor discharge, x = x0e–t/CR

pressure of an ideal gas, p = 1
3 

Nm
V

<c2>

radioactive decay, x = x0e–λt

 t �� = 0.693
λ

critical density of matter in the Universe, ρ0 = 
3H0

2

8�G

relativity factor,  = √ (1 – v
2

c2 )

current, I = nAve

nuclear radius, r = r0A1/3

sound intensity level,  = 10 lg ( I
I0

)
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 rewsnA    all  the questions.

1 (a) Fig. 1.1 shows an electrical circuit.

Fig. 1.1

  (i) The directions of �ow of ions in the liquid are shown. On Fig. 1.1, draw an arrow at X  to 
]1[ .eriw eht ni wolf nortcele eht fo noitcerid eht wohs

  (ii) State what is meant by conventional current .

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

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

  (iii) A charge of 0.76 C �ows past  point X  in a time of 5.0 minutes. Calculate the current in 
the wire.

]3[  A...............................  = tnerruc 

A diagram has been removed due to third party copyright 
restrictions

Details: A diagram of an electrical circuit showing positive 
and negative ions in a conducting liquid with a circuit going 

into the liquid
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 (b) Fig. 1.2 shows a magnetic compass placed very near a current-carrying wire and in a plane 
at right angles to the wire. The compass needle aligns itself in the direction of the magnetic 
field due to the current in the wire.

P

conventional current

compass

Fig. 1.2

  State and explain the effect, if any, on the compass needle when the compass is placed at 
point P.

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

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

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

 [Total: 7]
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2  State three main features common to all types of radiations in the electromagnetic spectrum. 
Name three principal radiations in the electromagnetic spectrum other than visible light. For one 
of these radiations, give a useful application.

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

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

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

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

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

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

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

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

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

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

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

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

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

  ......................................................................................................................................................[7]

 [Total: 7]
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3 Fig. 3.1 shows a rectangular block of electrically conducting material.

X Y

9.0 cm

1.2 cm

1.2 cm

Fig. 3.1

 (a) The conducting block obeys Ohm’s law. State Ohm’s law, in words.

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

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

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

 (b) When the ends X and Y of the block are connected to a 0.15 V d.c. supply of negligible internal 
resistance, the current drawn is 4.3 A. 

  (i) Show that the block has a resistance of 3.5 × 10–2 Ω.

 [1]

  (ii) Calculate the resistivity of the material.

 resistivity = ....................................  unit ........... [4]

 [Total: 7]
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4 Fig. 4.1 shows an arrangement of three �lament lamps used to illuminate a room.

        

equivalent
to

12  V

Fig. 4.1

 (a) Name the arrangement in which the three lamps are connected.

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

 (b) Each lamp has resistance 8.0 Ω when operating at 12 V. 

  Calculate

  (i) the current drawn by each  lamp

]2[  A................................ = tnerruc 

  (ii) the power dissipated by each  lamp

]3[  W............................... = rewop 

  (iii) the total  resistance of the lamps as connected in Fig. 4.1

................................ = ecnatsiser Ω  [3]

A photograph has 
been removed due to 
third party copyright 

restrictions

Details: A photograph of 
three lights on a ceiling
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  (iv) the total energy transformed by the three lamps in kilowatt hour when operated for 12 
hours.

 energy = .......................... kW h  [2]

 (c) One of the lamps is replaced by another lamp that also operates at 12 V but has a smaller 
resistance than 8.0 Ω. State and explain how its brightness will compare with one of the other 
two remaining lamps.

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

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

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

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

 [Total: 13]
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5 (a) Complete the following sentence for a statement of Kirchhoff’s first law.

  The sum of the .....................................  into a point in a circuit is equal to the sum of the 

.....................................  out from that point. [1]

 (b) Complete the following statement about Kirchhoff’s second law.

  In an electrical circuit, the sum of the e.m.f.s around a closed loop is equal to the sum 

of the p.d.s around the same loop. This is a consequence of conservation of 

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

 (c) Fig. 5.1 shows a part of an electrical circuit.

E

0.032 A

0.006 A

700 Ω

200 Ω

P

I

Fig. 5.1

  (i) Name the component P.

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

  (ii) State how the resistance of component P is affected by a change in its temperature.

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

 .......................................................................................................................................[1]
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  (iii) At a particular temperature, the currents are as shown in Fig. 5.1. Use Kirchhoff’s laws to 
determine

   1 the current I in the 200 Ω resistor

 I = ................................ A  [1]

   2 the e.m.f. E of the cell.

 E = ................................ V  [3]

 [Total: 8]



12

6  Fig. 6.1 shows a zinc plate attached to a charged gold-leaf electroscope. The arrangement is used 
to demonstrate the photoelectric effect.

insulator

metal stem

negatively charged
zinc plate

ultra-violet
radiation

gold leaf

Fig. 6.1

  The zinc plate, metal stem and gold leaf have an excess of electrons. This causes the leaf to 
deflect away from the stem.

 (a) When the zinc plate is exposed to high frequency ultra-violet radiation, it loses electrons from 
its surface and consequently the gold leaf falls rapidly. If the demonstration is repeated with 
visible light, the leaf does not fall.

  Use the photoelectric effect to describe how the ultra-violet radiation interacts with the surface 
electrons of the zinc plate. Explain why visible light, no matter how intense, does not release 
electrons from the zinc plate.

  In this question, two marks are available for the quality of written communication.

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

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

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

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

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

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

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

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

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

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

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

 ...............................................................................................................................................[5]

 Quality of Written Communication [2]
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 (b) Ultra-violet radiation of wavelength 3.9 × 10–7 m is incident on the surface of a metal plate. 
The maximum kinetic energy of an emitted photoelectron is 1.5 eV.

  Calculate

  (i) the maximum kinetic energy of a photoelectron in joules

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

  (ii) the work function energy of the metal in joules.

 work function energy = .................................J  [3]

 [Total: 12]

7 (a) The table below shows four statements that may or may not be true about the wave-nature 
of the electron. Place a tick (✓) next to the statement if it is correct and a cross ( ) if it is 
incorrect.

 Place a ✓ or 
 a  here

Electrons can be diffracted by matter. This confirms their wave nature.

The wavelength of the electron is given by the de Broglie equation.

The wave associated with a moving electron is an electromagnetic wave.

The kinetic energy of the electron is given by the equation E = hf.

 [3]

 (b) Calculate the speed of a carbon atom of mass 2.0 × 10–26 kg travelling in space with a de 
Broglie wavelength of 6.8 × 10–11 m.

 speed = .......................... m s–1  [3]

 [Total: 6]

END OF QUESTION PAPER
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