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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=3.00x108 ms!
Mo = 4mx 1077 Hm™
€ =8.85%x107"2Fm™
e=1.60x10"1°C
h=6.63x10"34Js
u=1.66x10"2"kg
m,=9.11x1073" kg
m, = 1.67 x 1027 kg

R =8.31 JK ' mol?
N, = 6.02 x 1023 mol~*
G =6.67x10""" 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,

relativity factor,
current,
nuclear radius,

sound intensity level,

1
n= ——
sinC
11,1
cC ¢ G
C=C,+C,+
x = xe7VCR
= ——Vm<02>
x = xgM
. 0.693
z A
3H2
Po 8mG
V2
=V(1-3)
I = nAve
r=r,A"3
1oig 7.
= g Io
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Answer all the questions.

1  Mobile phones use electromagnetic radiation in the form of microwaves.
(a) State a typical value for the wavelength of microwaves.
wavelength = .....cccccenviiiiicinens m [1]

(b) State one property of microwaves.

(c) A particular mobile phone battery transforms 78J of chemical energy into electrical
energy for every 24 C of charge. Calculate the electromotive force (e.m.f.) of the battery.

emf = e V [2]
[Total: 4]
2 A convenient unit of energy is the kilowatt hour (kW h).
(a) Define the kilowatt hour.
.................................................................................................................................... [1]

(b) A 120W filament lamp transforms 5.8 kW h. Calculate the time in seconds for which the
lamp is operated.

tHMe = e, s [2]
[Total: 3]
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3 Fig.3.1 shows a cell of e.m.f. E and internal resistance r connected to a variable resistor.

VIV 16
1.2
1

0.8

04

0

0 0.5 1.0 1.5 2.0
I/A
Fig. 3.1 Fig.3.2

Fig. 3.2 shows the variation of the p.d. V across the terminals of the cell with the current /
drawn from the cell.

(a) Explain how Fig. 3.2 shows that the em.f. Eis 1.4 V.

(b) (i) Use Fig.3.2 to determine the maximum possible current that can be drawn from
the cell.

current = ..ooveeeeiicernerennn A [1]

(ii) Calculate the internal resistance r of the cell.

L Q [2]

(iii) Suggest why it may not be advisable to maintain the current determined in (b)(i) for
a long time.

[Total: 5]
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6

(a) Fig.4.1 shows components of an incomplete electrical circuit.

———
Y
)

Fig. 4.1

Complete the circuit of Fig. 4.1 to show how both lamps, connected in parallel, may be
lit using the battery. Include an ammeter to measure the current in the lamp P. [2]

(b) Fig.4.2 shows a circuit designed to monitor the speed of rotation of a small fan.

o

2.2kQ

fan blade

Fig.4.2
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7

The battery has negligible internal resistance. The output voltage V from the circuit is
equal to the potential difference across the LDR. Fig.4.3 shows the variation of the
output voltage V with time t.

VIV 4.0

3.0

2.0

1.0

t/ms

Fig.4.3

(i) Explain why the graph of Fig. 4.3 shows two levels of output voltage.

............................................................................................................................ [3]
(ii) For the maximum value for the output voltage V, calculate
1. the potential difference across the 2.2 kQ resistor
potential difference = ........ccocvieciiiniiinns V [1]
2. the resistance of the LDR.
resistance = ....ccccovceeevrciiccmneenens Q [2]

[Total: 8]
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(a) Define electrical resistance.

(b) Fig.5.1 shows a method of demisting the rear window of a car. Three identical metal
strips attached to the glass are connected to a 12V supply.

metal strips

rear window

A 12V B

Fig. 5.1

(i) State whether the strips are connected in series or in parallel.

(if) Each strip has length 85cm and resistance 18 Q. The material of the metal strip
has resistivity 6.9 x 107 Qm. Calculate

1. the resistance of the three strips between A and B

resistance = .....cccoveevciimeecnnennns Q [2]

2. the total power dissipated by the three strips

POWET = ..ueereerccnireeereceeens W [2]

3. the cross-sectional area of each strip.

cross-sectional area = .......cceeveeereecensenns m? [3]
[Total: 10]
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6 Fig. 6.1 shows a lightning strike between a storm cloud and the ground.

storm cloud

lightning strike ]

S 2 K R T R R S T N B

Fig.6.1

(a) On Fig.6.1, indicate with an arrow, the direction of the conventional current in the lightning
strike. (1]

(b) State the direction of the magnetic field at point P due only to the lightning strike.

.................................................................................................................................... [1]
(c) The current in the lightning strike is 7800 A. The strike lasts for a time of 230 ms.
(i) Calculate
1. the charge flowing between the cloud and the ground
charge = ...cciciiiniiincciincennnns C [3]
2. the number of electrons transferred to the ground.
NUMDEY = ....cvrerreccrrree e, [2]

(ii) The component of the magnetic flux density of the Earth’s magnetic field at right
angles to the current is 42uT. Consider the lightning strike to be a straight
conductor of length 250 m. Calculate the force experienced by the lightning strike
due to the Earth’s magnetic field.

[Total: 11]
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Fig. 7.1 shows an electrical circuit including a photocell.

y electromagnetic radiation
L-- L)
! Iy

bl

Fig.7.1

-
\X

vacuum

The photocell contains a metal plate X that is exposed to electromagnetic radiation.
Photoelectrons emitted from the surface of the metal are accelerated towards the positive
electrode Y. A sensitive ammeter measures the current in the circuit due to the
photoelectrons emitted by the metal plate X.

(a) In this question, one mark is available for the quality of written communication.

Name and describe the process by which the photoelectrons are released from the
metal plate X by the electromagnetic radiation.

Quality of Written Communication [1]
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(b) The metal of plate X has work function energy of 2.2 eV. The maximum kinetic energy *°

of an emitted photoelectron from this plate is 0.3 eV. Calculate
(i) the energy of a single photon in

1. electronvolts (eV)

ENEIJY = covviiverririerinens e eV [1]

2. joules

ENEIGY = civvcerrreeescnmreeeernees J [2]

(ii) the frequency of the incident electromagnetic radiation.

frequency = ....cccccniieiiiiinne Hz [2]

(c) Deduce the effect on the current if the radiation has the same intensity but the
frequency of the electromagnetic radiation is greater than (b)(ii).

[Total: 13]

Question 8 over the page
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8 In this question, one mark is available for the quality of written communication.

Describe and interpret the experimental evidence for the wave-like behaviour of electrons.

-------------------------------------------------------------------------------------------------------------------------------------------------
.................................................................................................................................................
-------------------------------------------------------------------------------------------------------------------------------------------------
.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................
-------------------------------------------------------------------------------------------------------------------------------------------------
.................................................................................................................................................
-------------------------------------------------------------------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------------------------------------
.................................................................................................................................................
.................................................................................................................................................
-------------------------------------------------------------------------------------------------------------------------------------------------

Quality of Written Communication [1]
[Total: 6]

OCR has made every effort to trace the copyright holders of items used in this Question paper, but if we have
inadvertently overlooked any, we apologise.
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