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SECTION A
Answer ALL questions.

For questions 1-10, in Section A, select one answer from A to D and put a cross in the box [X.
If you change your mind, put a line through the box $4 and then
mark your new answer with a cross [X.

A voltmeter is used to measure the potential difference of a cell which is being used to
light a bulb.

Choose the row that correctly describes the voltmeter’s connection and resistance.
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Connected in Resistance

series with the cell very low

series with the cell very high

parallel with the cell very low
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parallel with the cell very high

(Total for Question 1 = 1 mark)

A current | flows through a wire of cross-sectional area A. The drift velocity of the
charge carriersis v .
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The wire is replaced by one of the same material but with cross-sectional area R and the
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circuit is adjusted to keep the current unchanged. The drift velocity is now V.
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| 3 Awave has a wavelength of 24cm. Two points on the wave are % radians out of phase.
g::%;?:‘: S The distance between these two points could be

] A 3cm

[0 B 12cm

[J C 30cm

0 D 36cm

(Total for Question 3 = 1 mark)

4 The graph shows the current-voltage characteristic for a filament lamp.

s \

Choose the graph that best shows how the resistance R of the lamp changes with
temperature 6 in °C.
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5 The Sl unit for charge may be expressed as
L0 AAQ
L] B As?
] CJv!
[0 DVQl

(Total for Question 5 = 1 mark)

6 The photograph shows water waves in a ripple tank, as they travel from deep water to
shallow water.

shallow water

—— deep water

direction of wave travel

It is observed that the waves are closer together as they move through the shallow water.
This is because the waves in the shallow water

L] A travel more slowly.
L] B travel more quickly.
[J C have a lower frequency.
(N

D have a higher frequency.

(Total for Question 6 = 1 mark)
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7 Asound wave has a time period T. The diagram shows the positions at time t of air layers which
have been displaced by the passage of the wave. At this time there is a rarefaction at position X.

At time t + At there is a compression at position X.
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8 Asource of sound is moving at a constant speed away from an observer.

Select the row of the table which correctly describes the amplitude and frequency of the
sound heard by the observer compared to the emitted sound.

Amplitude Frequency
LI A smaller smaller
L] smaller greater
] C greater smaller
L] greater greater

(Total for Question 8 = 1 mark)

Diffraction is the spreading of a wave after passing through a gap or around an obstacle.

Which of the following statements is correct?

[] A Diffraction can be used to demonstrate the wave property of electrons.

B Diffraction only occurs when the size of the gap is equal to the wavelength.

L]
[J C Microwaves show more significant diffraction around hills than radio waves.
L]

D Sound waves cannot be diffracted.

(Total for Question 9 = 1 mark)

P 5 0 7 0 8 A 0O 6 2 8

<

etetets
70

ottt
ZRXRKS

RRLRKRK,

O
oo
0958,
Soles

<
0%t
<
ot!

S
s

2L

RS,

$0%0
faesetes

3”?’
tg&k
e

X

0
PROseatses

QS
<EY
[oe, % o
LS

KA
e

N\ ‘Q
L9299
505

%

I
EERCERELNSEL
o

N
&

%
1?
L)
/8
o
%%

QKRR
IR

Lot etotetetetotetototetote totetotete

5
4

< SGIKELEILIKIELEIRILISKIILIKKKKRL XKL

< GREEIREEAIREEIRLEARILAERL
<

<
2

2020%¢!

5
3 o1 9 Yo%t
’Qﬁp

IR IR IEIIK A
K KRR IKE KKK KKK

0

28368
ol 1%

00:0:
Ay e
E

0

K

R
s
<3
X

0%
.
3

Q5
55

5 J
SAICH N
ALK

SRS
LRIRK
Bevosasasn
0%0%0%%
CEHRS

<

005
SRS
0SS
K
&5

%
QRS

A

0
X
00008

<



CRRHERK CRRHERK

CHRSRL, S5

SR SR ) ) o ) . )

- | 10 Astudent carries out an investigation to determine the e.m.f. € and internal resistance r of

a cell. The potential difference V across the cell and the current I in the cell are measured
as the load resistance is increased. The results are plotted on a graph.

\

Select the row of the table that correctly identifies how € and r are determined from the graph.

& determined from r determined from

1
magnitude of gradient

A area under graph

1
magnitude of gradient

0B y-intercept

1C area under graph magnitude of gradient
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SECTION B
Answer ALL questions in the spaces provided.

11 A technician uses a length of constantan wire to make a resistor of resistance 6.0 Q. The
wire has a diameter of 0.23mm.

Calculate the length of the wire.

resistivity of constantan = 4.9 x 10" Q m
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( )

12 Polarising sunglasses are designed to reduce glare.

(a) State what is meant by polarised light.

(2)

(b) A student is viewing the screen of an electronic device through polarising sunglasses.
When viewing the screen in landscape mode the screen looks bright. He gradually
rotates the device through 90° into portrait mode. He notices that the screen becomes
gradually darker until, in portrait mode, the screen is completely dark.

Explain these observations.
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*13 A hydrogen discharge tube contains hydrogen gas at a low pressure.

A high potential difference is applied across the tube and a spectrometer can be used to
produce a visible line spectrum, as shown below.

Explain how line spectra are formed.

(Total for Question 13 = 5 marks)
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8 14 During a demonstration ultraviolet radiation is shone onto a zinc plate. When the

frequency of the radiation is greater than a certain value f the zinc plate becomes
positively charged.

(a) Explain why the zinc plate becomes positively charged when the frequency of the
radiation is greater than f .
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15 The circuit shows how two bulbs, X and Y, may be connected in parallel with a 6 V battery.
6V

0.9A

Y

The resistance of bulb X is R and the resistance of bulb Y is R, where

R, =2R

X Y

(a) Calculate R, and R, .

(b) X and Y may be connected in series as shown below.

6V
I___

X Y
Calculate the current in the series circuit if the resistances of the lamps are the same
as in part ().

Current = ..
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(c) In the parallel circuit it is observed that one bulb is brighter than the other.
A student suggests “bulb X will be brighter because it has a higher resistance and so
more energy is dissipated”.

Explain why the student’s suggestion is incorrect.

e (2)

s (Total for Question 15 = 7 marks)
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16 Solar lights can be used to illuminate garden pathways during the night. The lights
use solar cells that generate electricity during the day to charge a battery. At night the
charged battery is used to power a bulb consisting of a light emitting diode (LED).

A solar cell is made up of a semiconductor that produces an electric current when light is
incident on it.

(a) Radiation from the Sun is incident on a solar cell. In order for the solar cell to
generate electricity photons with a minimum energy of 2.2eV are required.

Calculate the maximum wavelength of light required.
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(b) The solar cell has an efficiency of 25%. With the battery initially uncharged, the solar cell
is illuminated for 8.0 hours with an average radiation flux of 1300Wm=. The following
night the battery is used to operate the LED bulb.

Calculate the maximum time in hours for which the LED bulb can be operated.

power of LED bulb = 1.5W
area of solar cell =3.6 x 10°m?

Maximum time = ..

(Total for Question 16 = 7 marks)
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17 Ultrasound may be used to scan organs of the body and to determine the speed of the blood.

(@) An ultrasound pulse is used to measure the size of the heart. Two reflected pulses are
received at the ultrasound transducer, one from the front surface of the heart and one
from the rear surface. An oscilloscope trace of these pulses is shown.
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(i) Calculate the distance from the front surface of the heart to the rear surface of the heart.

speed of ultrasound in the heart = 1500 ms
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Distance = ...

(ii) State two reasons why the amplitude of the second pulse is less than the
amplitude of the first pulse.
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(b) Ultrasound can also be used to measure the speed of the blood using the Doppler effect.

State the measurements that need to be made to determine the speed of the blood.

(Total for Question 17 = 6 marks)
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18 Optical fibres are used in communication systems.

A typical fibre consists of a glass core surrounded by glass of a different refractive index
as a cladding. The diagram shows a light ray being transmitted along the fibre.
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(a) State why the refractive index of the cladding must be less than the refractive index
of the core in an optical fibre.
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(b) Calculate the maximum value for the angle labelled 6 to ensure maximum energy
transfer of a light ray along the fibre.
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refractive index for light travelling from core to cladding = 0.99
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S B (c) Alaser or a light emitting diode (LED) may both be used to produce pulses of light
as s i i intensi -

SE to transmit along the fibre. The graph shows the intensity of light over a range of
IRRRH IRRRH

2};‘?’52 e wavelengths produced by a laser and by an LED.

laser

intensity

of light LED

>

»> <
2nm

20nm

wavelength

Light of different wavelengths will travel at different speeds along the fibre.
Use the graph to compare lasers and LEDs as light sources for a communication system.
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19 Atuning fork is used to produce a sound of a single frequency. The tuning fork consists
of two metal prongs joined at one end. When the fork is struck against a surface the
prongs vibrate and a note is audible when the fork is held close to the ear.

(a) Explain how a sound wave travels through the air.

QR
0%

5
0505
50

255
9
2%
g
P05
PR
SR
s o
ST
2052200
S5
% a3 %:
S,
SRS 2
Poot, 2 0%
S RIS
299 1999 0% L8
S S
LXRKLS S
KL X S
S, 2,
SHELLRL KX x
Koot LIS
J< g

Sva
>
S5

R
IR

<2
&

<
K
ava
s

X
)

K
S
R

oo
.:’:zA "’:‘
oty 9594
07 10308
22X
'@»
K5cs

5 it

%S @
155
Ko<

) ﬁ% 5??5?3

b SIS,

% LI

ZRIRL

IREES,

RIS

SRR

Botatetete’s

SRS

LR

SRUELES,

dSetotole?

SRR

R

SR

Delotedetes

SLBAEL

KRS

KIS

SRR

SR

Doaloseie%s

\ SRS

RIS

20

P 5 0 7 0 8 A0 2 0 2 8



AN
R ARG

YON

ZNANRA ANV TR o308
R R SRR L AL

QK
O
0';

RIS

9%

X

0
%S

RRK
6205
25

X505
(920904
25
%!
doSodess

R
%
KK
KRR
bolet

R
oo
SOSRGLS
5K

X KA XX L AXXH
SIRLIRILE

0%

<
R RRELILLL LKL e

KCRRGEAERRELEARRKY

<
9%
5

XK

RRLLRESEILEIKEY

R IR LSRRI
s oot tetetetote etetetotetotetetotetotete;

’0.00000000000000000000

X
XX
5%
o
o2

KKK IR IR KIS K AR
%

XRILERRILRRILERRKK:
SRR RIICARIRRICAKRRKIAX

000

e

28
0,

%
%

& 150%ede!

(@

B

%
0.:00000000000000000000000000
9%
35
9%

9
5

.9
5%

L
v
%
5
<
oL
%%

00"
0

o
XS

X

0K

51
3
5

.9

s
%

K
%
S5
’ﬁ’
30Y
G,

N

XA
<X
Q%

Q058
SRRELS
=

0% %
X

QRERRLRLELLLEKL
NS
:
.

ORGHRS
SRR

».»’?): 'S
IRIIIRLK

o4

%

5
<
{

%

0
K
<
D
%!

55

X
o
%

0

CRKIHAR

<
%

S

QKRS
5
35

KK

X
5

(S
.0
X
<X
<
5%

090%0%%%
CRRKY
0309090052

%%

SHERE

RS
RERRS
IR
Sootetotetotely
RERRS

%

K GCIIIRE
0%

KK KKR
‘00000000
EIRIRIERK

0%

0%
o5

5

o%%

o%%
SEKKIRRR

IQRILLKKL
%

%
45
SRRLLRS

55

%

0

%
X

deletotetetel
SRR

X
P00
X

25
o5
XA
0%
X
092
2

%

5
S
5

25

¢!

‘0
<
LR
%
%5

S

%
09

<
<
S
S
%
%
0
9%
S

S

X

bt
525
00
bt
bt
5

%!
5
O

SRR
5

%%

(b) A student holds a vibrating tuning fork gently against the surface of a bowl of water.
A pattern of waves on the water is observed.

*(i) Explain the pattern of waves observed.

(i) The demonstration is repeated with a different tuning fork. Its prongs are the
same distance apart, but it produces a sound of a lower frequency.

State the difference that would be observed.
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(c) The frequency of the sound produced from a tuning fork can be determined using
standing waves.
A tube, open at both ends, is held vertically and placed with one end in water as shown.

== Vibrating
fork

tube

31.8cm |
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o
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water

405
5K
SRR

A vibrating fork is held above the other end and the tube is moved slowly upwards

in the water. At a particular position the sound is loudest. When this occurs, there is
one node and one antinode. The node is at the surface of the water and the antinode is
at the top of the tube.

(i) The distance from the top of the tube to the surface of the water is measured to be
31.8cm.

Determine a value for the frequency of the vibrations of the tuning fork.
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(if) Suggest why the calculated value for frequency in this procedure may be greater
than the true value.
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20 A student is investigating how the resistance of a thermistor varies with temperature.
The student heats distilled water in a beaker and puts the thermistor in the hot water. She
connects a multimeter directly across the thermistor and uses it to measure resistance.
She uses a thermometer to measure the temperature of the water.
The student records corresponding values of temperature and resistance as the water cools.
Temperature of Resistance of
water/°C thermistor/{)
80.0 118
70.0 145
60.0 180
50.0 235
40.0 317
30.0 457
20.0 603
(@) (i) The student suggests that the resistance of the leads to the multimeter will cause
an error in the results. She measures the total resistance of the leads to be 1.8 Q.
Discuss her suggestion.
(2)
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(ii) State two advantages of using a data logger with suitable probes to measure the
resistance and temperature.

(b) The student plots the results on a graph.
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(i) Explain, in terms of charge carriers, why these results are obtained.
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(if) The student designs the circuit shown, that uses this thermistor to switch on a fan
when the temperature is above 24 °C. The fan switches on when the potential
difference across the fan circuit is at least 4.5V.

K
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1 to fan

12V -:r resistor circuit

thermistor

Calculate the resistance of the resistor.
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-
List of data, formulae and relationships
Acceleration of free fall g=9.81ms? (close to Earth’s surface)
Electron charge e =-1.60 x 10°C
Electron mass m_ = 9.11 x 10**kg
Electronvolt 1eV =1.60x 107) §§:£§
- - - .0 '0';.:
Gravitational field strength =9.81 Nkg* (close to Earth’s surface) ’
%
Planck constant h=6.63 x 103Js g7
SR
. ) S
Speed of light in a vacuum c=3.00x 10°ms SR
’0“"“ <
. R
Unit 1 S
i
Mechanics SR
Kinematic equations of motion vV=u+at
S = ut + Yat?
vZ=u2+ 2as
Forces 2F =ma
g=F/m 5
W =mg
Work and energy AW = FAs
E, = Yamv?
AE,,, = mgAh
Materials
Stokes’ law F = 6nyrv
Hooke’s law F = kAx
Density p=m\
Pressure p=F/A
Young modulus E = o/e where
Stress o = F/A
Strain € = Ax/x
Elastic strain energy E, = %FAX
§ =
LRI
LR
S8
SR
LS
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CRRHERK CRRHERK
Setottes poaseeesetes a

= |'Unit2
o | Waves
Wave speed v =1l

Refractive index M, =sinifsinr=v /v,

Electricity

Potential difference =W/Q

V/i
= VI
IR
=V?R
W = Vit

Resistance

Electrical power, energy and
efficiency

T TUOTTOT o<

useful energy output
total energy input

% efficiency = 00

useful power output
total power input

% efficiency 100

-
S

%5;&9 poovs ols P
= S _
R Resistivity R = pl/4
AQ/At

Lo i
=ngvA

Current I

XXX
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N voa
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S Resistors in series R=R, +R,+R,

O Resistors in parallel 1_1 + 1 + 1
R R R, R
Quantum physics

Photon model E =nhf

Einstein’s photoelectric hf = p+ %omv2
3 equation
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