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Data

speed of light in free space,
permeability of free space,
permittivity of free space,
elementary charge,

the Planck constant,

unified atomic mass constant,
rest mass of electron,

rest mass of proton,

molar gas constant,

the Avogadro constant,
gravitational constant,

acceleration of free fall,

c=3.00x 108 ms™1
P = 4w x 107 Hm-"
€ =8.85x 1072 Fm~!
e=1.60x10"19C
h=6.63x10"34Js
u=1.66x 10727 kg

m, =9.11 x1073" kg
m, = 1.67 x 10727 kg
R =8.31 JK™! mol™
N, = 6.02 x 1023 mol~!
G =6.67 x 107" Nm2kg—2

g=9.81ms2
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Formulae

uniformly accelerated motion,

refractive index,

capacitors in series,
capacitors in parallel,

capacitor discharge,

pressure of an ideal gas,

radioactive decay,

critical density of matter in the Universe, p, =

relativity factor,

current,

nuclear radius,

sound intensity level,

]
s=ut+3zat?

v2 = u2+2as

sinC
1 1 1
i a+?2+
C=C+Cy+
X = x.e~1/CR

3H2
8wG

=V(1-?V§-

I = nAve

= r.Al3
r=rnA

1
=10lg [+
(i)
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Answer all questions.

(a) Electric current is the flow of charged particles. Name the charged particle responsible
for electric current in

(i) a metal,

(b) Name the two quantities required to calculate the electrical resistance of a component
in an electric circuit.

(c) Adigital watch uses a 1.3V cell. It delivers a charge of 650 C at a constant rate during
its lifetime of 1.6 x 107s. Calculate

(i) the current delivered by the cell,

CUIreNt = ..ovvvveverenrcnnennnes A [3]

(if) the resistance of the electrical circuit in the watch,

resistance = ......cccvviviinrennnen Q [2]
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(iii) the total number of electrons passing through the cell during its lifetime of
1.6 x 107s.

number = .....ccocvceieviiennenn. 2]

[Total: 11]
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(a) On Fig. 2.1, sketch the I'V characteristics of

* a metallic conductor at constant temperature
s afilament lamp
¢ a semiconducting diode.

I 14

- 0 -
0 0 v 0 14
Fig. 2.1(a): Metallic conductor Fig. 2.1(b): Filament lamp

14
0 >
0 4
Fig. 2.1(c): Semiconducting diode [3]

(b) (In this question, marks are available for the quality of written communication.)
Explain, in terms of resistance, the shape of the I/'V graphs in

o R~ - ) S

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

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

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

[Total: 10]
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(a) Fig. 3.1 shows the circuit symbol for a particular component.

——

Fig. 3.1

Name the component and state how its resistance changes as the temperature of the
component is increased.

(b) Fig. 3.2 shows a potential-divider circuit. The battery has negligible internal resistance
and the voltmeter has very high resistance.

1.2 kQ

s.0v

O

. Fig. 3.2

(i) Ata particular temperature, the resistance of component X is 4.2 kQ. Calculate the
voltmeter reading.

voltmeter reading = ..........ccecevenenens V [3]
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(i) State how your answer to (b)(i) changes when the temperature of the component
X is increased.

[Total: 6]

4 (a) Define electrical resistivity.

(b) Fig. 4.1 shows a conducting paint in a cylindrical glass vessel.

D
vessel

. +4—4—— conducting paint

cross-sectional base

Fig. 4.1
The volume of the paint is 1.2 x 10~5m3 and the vessel has base of area 3.0 x 10~4m?2.

(i) Show that the height h of the paint column is 4.0cm.

[1]
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(ii) Calculate the resistance of the paint column of height 4.0 cm. The resistivity of the
paint is 6.9 x 1072Qm,

resistance = .......coceevieiiienene. Q [2]
(c) State and explain how your answer to (b)(ii) changes when the same volume of paint

is poured into a cylindrical glass vessel having a base of double the cross-sectional
area.

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

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

[Total: 7]

5 (a) Astudent solders two resistors together as shown in Fig. 5.1.

1.5Q

1.0Q

Fig. 5.1

(i) State whether the two resistors are connected in a series or in a parallel
combination.
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(ii) Show that the total resistance of the combination of resistors is 0.6 Q.

[2]

(b) Fig. 5.2 shows the soldered resistors from (a) connected across the terminals of a cell.

soldered resistors
(0.6Q)

Fig. 5.2

The cell has internal resistance 0.8 Q and e.m.f. 1.5V.

(i) Define e.m.f. in terms of energy transformed and electtic charge.

............................................................................................................................. [2]
(ii) Suggest why a cell has internal resistance.
............................................................................................................................ [1]
(iii) Calculate the total resistance R of the circuit in Fig. 5.2.
R= i Q [2]
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(iv) Hence calculate the current I'in the circuit.

| S A [2]

(v) 1. Write an equation for the power dissipated by a current-carrying resistor.

2. For the circuit in Fig. 5.2, calculate the ratio:

power dissipated by internal resistance .
power dissipated by total external resistance

ratio = .....ooeeveeivininnnn, [4]

[Total: 14]
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6 (a) Explain why a compass needle placed very close to a wire may deflect when the
current in the wire is switched on.

(b) Fig. 6.1 shows a cross section of a current-carrying conductor.

current-carryinP conductor
(current out of plane of page)

Fig. 6.1
On Fig. 6.1, draw the magnetic field pattern. [3]

(c) The magnetic flux density B at a point is defined in terms of the equation

Identify the symboils in this equation.

TN
) O RS
L 2 et tr e e e e e e e e e raesee e S eesae e e e e Ee R e e e sEeneeeaEe e AR e et et ne s s r e [3]
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(d) Fig. 6.2 shows a current-carrying metal rod that can roll freely on two parallel metal
rails. The rod is at right angles to the magnetic field lines.

XXXXXXKXXKKXKXXXAXXKX £ ;
, X %X % X X X X X x x x x x x xxxx—field into plane of paper
metal rails XXXXXXXXXXXXXXXXXXXX
XXXXXEXXXXXXXX KX XXX X
XX XX X WX XX XXX XXX KKK XK
XXE XXX XXX XX XXX
XX [ XXXXXXXXXXX
XX | XXXXXXXXXXX
XX [5.0C0m X X XXX X X -
XX | XXRX XX XXX XX H
XX|XXXXXXXXXXX -
XX X X X X X X X
XX XX EXXXKXRKKXX KKK KKK K
metal rod XXX XOXHXXXX XXX XXX XX
XXXXXKKXXXK XX KN XK XXX
XXXKXXXXKKXX XX KKK XXX
XXXXXXXKXKKXX XX XXX XXX

Fig. 6.2

(i) Determine the direction of the force experienced by the rod. Explain how you
determined this direction.

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

.............................................................................. S UUPURPRRRPSTRPRPRRN 2]
(i) The current in the metal rod is 2.0 A and it has a length 5.0 cm between the two

metal rails. Calculate the force experienced by the metal rod given the magnetic
flux density is 1.8 x 1073T.

[Total: 12]
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(a) State two features common to all types of radiation in the electromagnetic spectrum.

................................................................................................................................... (2]
(b) A radioactive material emits photons, each having an energy of 1.0 MeV.
() Explain what is meant by a photon.
............................................................................................................................ [1]
(i) Show that the energy of each photon is 1.6 x 107134,
2]

(iii) Calculate the frequency of the electromagnetic radiation emitted by the
radioactive material.

frequency = ......ocoevninininnann, unit=......... [4]
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(iv) Calculate the wavelength A of the radiation.

A= s m [2]

(v) State the principal type of electromagnetic radiation emitted by the material.

[Total: 12]

8 Fig. 8.1 shows an isolated zinc plate exposed to weak ultra violet (u.v.) light.

u.v. light
zinc plate

electrons

Fig. 8.1

The u.v. light causes electrons to be emitted from the surface of the plate.

(a) Name this phenomenon.

(b) Initially, the plate is neutral in charge. State and explain the effect on the charge of the
plate as the zinc plate is exposed to the u.v. light.

----------------------------------------------------------------------------------------------------------------------------------------
........................................................................................................................................
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(c) State and explain the effect on the rate of emission of electrons when the intensity of
the u.v. light is increased.

(d) In a databook, the work function energy of zinc is quoted as 4.24 eV. Explain what is
meant by work function energy (no calculations are necessary).

[Total: 6]

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

According to wave-particle duality, an electron can either behave as a wave or as a particle.
Describe the behaviour which supports this dual nature of electrons.
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.................................................................................................................
................................................................................................................................................
................................................................................................................................................
................................................................................................................................................
................................................................................................................................................
................................................................................................................................................

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

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

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

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

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

[Total: 8]
[QWC: 4]
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