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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=3.00x108ms™!
Mo = 4mx 1077 Hm™!
€, = 8.85x10712 Fm™!

e=1.60x10"19C

h=6.63x10"34Js

u=1.66x10"" kg
m, =9.11x 103" kg
m, = 1.67 x 10727 kg

R = 8.31 JK™' mol~!
N, = 6.02 x 1023 mol~"

G =6.67 x10""" Nm?kg2

g=9.81ms™>2
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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,

relativity factor,
current,
nuclear radius,

sound intensity level,

n=
sinC
1i_1.1.,
c ¢ ¢,
C=C;+GC,+
x = x,e7/CR
p= 33_N_\l/ﬂ<02>
X = xe M
f= 0.693
z A
3H,2
Po = 8mG
2
v
=V(1-23)
I = nAve
r=r,A3
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4
Answer all the questions.
1 Fig. 1.1 shows an electrical circuit.
__I - - _l I
OB |
o
X
Fig. 1.1
(a) On Fig. 1.1, show how a voltmeter may be connected to measure the potential difference
(voltage) across the component X. [1]
(b) State the effect, if any, on the ammeter reading when the ammeter is moved from the position
shown to position P in the circuit.
............................................................................................................................................... [1]
(c) The resistance of component X is affected by the intensity of visible light falling on it.
(i) Name the component X.
........................................................................................................................................ [1]
(ii) State how the resistance of X changes as the intensity of visible light is increased.
........................................................................................................................................ [1]
(iii) State the range of the wavelength of visible light.
........................................................ M 10 i e e e eersiesn e e s eeend T [1]
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5

(d) The current measured by the ammeter is 4.8 x 1072 A when the p.d. across the component X
is 1.8 V.

(i) Calculate the resistance of component X.

resistance = ..o, Q2]
(ii) For a time interval of 30 s, calculate

1 the charge passing through the ammeter

charge = .o C[3]

2 the electrical energy transformed by the component X.

EBNEIGY = evvirrrrereessereeessnneens unit .oooeees [3]

[Total: 13]
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2 The statements below are either laws of physics or definitions of physical quantities or units. In the
space provided, name the law, quantity or unit being stated.
(a) The sum of the e.m.f.s in a loop of an electrical circuit is equal to the sum of the p.d.s in that
loop.
This is a statement of ......ccccocvveiiiin e, law. [1]
(b) The current in a metallic conductor kept at a constant temperature is directly proportional to
the potential difference across its ends.
This is a statement of .....ccccceviricireirce e, law. [1]
(c) The potential difference divided by the current.
This is the definition for ........ccccoovevviiiiiiir e, . 1]
(d) The energy transformed by an electron travelling through a potential difference of one volt.
This is the definition for the ........cccccivvvccirie e, . 1]
[Total: 4]
| S—
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Fig. 3.1 shows an electrical circuit including three resistors.

|50V
-1
O,
A 10Q B :#: c
— ©
%00
Fig. 3.1

(a) The variable resistor is set on its maximum resistance of 20Q. Calculate the resistance
between points

(i) BandC

resistance = ..o Q2]

(ii) AandC.

FESISTANCE = cvvvirvvrcrreeerrcererecrecencenens Q1]
(b) In the circuit shown in Fig. 3.1, the battery has negligible internal resistance and an e.m.f.

5.0V. The variable resistor is now set on its lowest resistance of 0 Q. Calculate the ammeter
reading.

reading = ..c.ooceeeeeiiiiiiinine A 2]

[Total: 5]

[Turn over
s

*334453707*




8

4 (a) Fig. 4.1 shows a long straight wire carrying current into the plane of the paper.

wire carrying current

Fig. 4.1
On Fig. 4.1, sketch the magnetic field pattern produced by this current-carrying wire. [2]

(b) Fig. 4.2 shows a current-carrying conductor in the shape of a rectangular frame ABCD
placed in a uniform magnetic field.

D < c ™~ magnetic

field
T lines

Fig. 4.2
The plane of the frame is parallel to the magnetic field.

() In Fleming’s left-hand rule, state what quantities are represented by the directions of
each of the following.

T Hirst (INABX) FINGET 1.viee ettt et ee e e e e s e e e eenees e
2 second (MIAAIE) fINGET ....coiiieeee e e e e e et e st e et eereeeeeeeane
S HNUMD et e et e et e et e e e e teeereeeeeeeeeanteneeneseeans 2]

(i) Suggest why the section BC of the frame does not experience a force due to the
magnetic field.

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

L




(iii)

(iv)

v)

9

State the direction of the force experienced by the section AB of the frame.

The current in the rectangular frame is 5.2A. The section AB of the frame has length
2.3 x 102m and it experiences a force of 3.8 x 102N when it is at right angles to the

magnetic field.
Calculate the magnetic flux density.

magnetic flux density = ...........

[Total: 10]
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Fig. 5.1 shows a potential divider circuit used to monitor the temperature of a greenhouse.

Fig. 5.1
The thermistor T is a negative temperature coefficient type. The voltmeter is placed across the

resistor R. Describe and explain how the voltmeter reading changes as the temperature of the
greenhouse increases.

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

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

[Total: 4]
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(a) A wire has length L, cross-sectional area A and is made of material of resistivity p. Write an
equation for the electrical resistance R of the wire in terms of L, A and p.

(1]
(b) A second wire is made of the same material as the wire in (a), has the same length but twice
the diameter. State how the resistance of this wire compares with the resistance of the wire

in (a).

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

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

A

1.3x10-2m_

{]-—

plastic base

Fig. 6.1

The resistance of the carbon layer between X and Y is 2200 Q. The length of the carbon layer
is 1.3 x 102 m. The resistivity of carbon is 3.5 x10-5Qm.

(i) Show that the cross-sectional area A of the carbon layer is about 2 x 10-10m2.

(2]

(ii) The maximum power that can be safely dissipated by the resistor is 0.50 W. Calculate
the current in the resistor for this power.

CLITENT = ..ot A[3]

[Turn over
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7 (a) In this question, two marks are available for the quality of written communication.

The Planck constant his a very important fundamental constant in the study of wave-particle
duality.

e With the aid of equations, discuss how this constant is used to describe the

behaviour of electromagnetic waves and moving electrons.
s Describe the experimental evidence for the wave behaviour of the electron.

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

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

Quality of Written Communication [2]
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(b) A negatively charged metal plate is exposed to electromagnetic radiation of frequency f.
Fig. 7.1 shows the variation with f of the maximum kinetic energy E, of the photoelectrons
emitted from the surface of the metal.

5 7
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Fig. 7.1

(i) Define the threshold frequency of a metal.

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

(i) 1 Explain how the graph shows that the threshold frequency of this metal is
5.0 x 10" Hz.

................................................................................................................................ [1]
2  Calculate the work function energy of this metal in joules.
work function energy = .....cocceveevieiiececeniennne J[2]
[Turn over
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(iii) Electromagnetic radiation falls on the surface of a metal having work function energy
greater than your answer in bii).

1 State and explain the change, if any, to the gradient of the line shown in Fig. 7.1.

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

2 State and explain the change, if any, to the position of the line shown in Fig. 7.1.

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

------------------------------------------------------------------------------------------------------------------------------------

[Total: 16]
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