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SECTIONA
Answer ALL questions.
All multiple choice questions must be answered with a cross in the box [X for the correct answer
from A to D. If you change your mind about an answer, put a line through the box $¢ and then
mark your new answer with a cross [X.
1 Aball bearing falls from rest through oil.
Which of the following statements is correct during the initial motion of the
ball bearing?
— [J A The resultant force on the ball bearing decreases.
— [J B The resultant force on the ball bearing increases.
— [J C The resultant force on the ball bearing decreases then increases.
— [J D The resultant force on the ball bearing stays constant.
(Total for Question 1 = 1 mark)
2 As the temperature of a negative temperature coefficient thermistor increases, the
resistance of the thermistor changes.
Which of the following statements is correct?
— [J A Resistance decreases as lattice ions vibrate with decreased amplitude.
— [J B Resistance increases as lattice ions vibrate with increased amplitude.
— [] C Resistance decreases as the number of conduction electrons increases.
— [] D Resistance increases as the number of conduction electrons decreases.
(Total for Question 2 = 1 mark)
3 Which of the following units is equivalent to the newton?
— 0 A kgms™
— 0 B kgms™
— 0 C kgm’s?
m— [0 D kgm’s™
(Total for Question 3 = 1 mark)
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4 A circuit consists of a cell of e.m.f. 1.50 V connected to a 100 Q2 resistor. A voltmeter is
connected across the 100 Q resistor, as shown. The voltmeter reading is 1.45V.
|
| |
A
100Q
O
Which of the following gives the internal resistance, in Q, of the cell?
0 A (1.50 —1.45) x 100
1.45
0 B 1.50 x 100
1.45
0 ¢ (1.50 —1.45) x 100
1.50
0 D 1.45 %100
1.50
(Total for Question 4 = 1 mark)
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~
The graph shows how the displacement s varies with time t for an object.
S
t
Which of the following graphs shows how acceleration a varies with time t for
the object?
a a
t t
A B
a a
t t
C D
I A
] B
1 C
1 D
(Total for Question 5 = 1 mark)
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6 A stone is dropped from rest down a well. The sound as the stone hits the water is heard
3.55s after the stone is dropped.
Which of the following gives the distance, in m, travelled by the stone before it hits
the water?
0 oA 981x35°
2
[J B 9.81x35
[0 C 2x981x35
O p 35-0
2x9.81
(Total for Question 6 = 1 mark)
7 A wire of decreasing diameter is connected in a circuit. There is a current from X to Y
in the wire, as shown.
X current Y
Which row of the table gives the current and the drift velocity of charge carriers at
Y compared to X?
Current Drift velocity
L A lower higher
] B lower lower
1 C the same higher
] D the same lower
(Total for Question 7 = 1 mark)
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8 A shopping trolley moves at velocity v. The trolley collides and combines with a stack
of 5 identical stationary trolleys.

Which of the following expressions gives the velocity of the combined stack of trolleys?
L] A 6v
] B 5v

(Total for Question 8 = 1 mark)
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9 The graph shows how current varies with potential difference for a component in a
circuit.

Current

Potential
difference

Explain how the graph shows what the component is.

(Total for Question 9 = 3 marks)

( )

\. J

7
Se—. NN 0 0 S
P7 85 2 3 A0 7 2 8 Turn over

PMT



( ™)
10 A person pushes a baby in a pram.

(@) The person pushes the pram with a constant force. The force is applied at an angle
of 50° to the horizontal, as shown.

When a force of 35N is applied, the pram moves at constant speed.

Calculate the work done to push the pram at constant speed for 500 m.
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(b) The pram is then moved along the same surface, at the same constant speed, by
a different person. This person pushes the pram by applying a force horizontally,
as shown.
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Explain how applying a force horizontally changes the magnitude of the force
needed to push the pram at the same constant speed.
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7

11 Two resistors are connected in series in a circuit, as shown. The power supply has
negligible internal resistance.

R 45Q

O,

(a) Calculate the resistance R of the resistor when the voltmeter reads 5.5 V.

(b) A student uses the circuit to power an electric motor. He connects the motor in
parallel with the 45 Q resistor.

The electric motor has a resistance of 45 Q and a normal working potential
difference of 5.5V.

Deduce how the motor performs when connected to the circuit. You do not need to
do a further calculation.
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7

12 Two people are carrying a bookcase. They are holding the bookcase at points A and B,
as shown.

bhookcase

(@) The length of the bookcase is 1.50 m. The centre of gravity C of the bookcase
is 0.55m from one end. The people exert forces F, and F, on the bookcase at points
A and B, as shown below.

F F

A B

1.50m

o0

>
.

0.55m

Calculate F, and F.

mass of bookcase = 25kg
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(b) The two people now support the bookcase so that it is tilted with point A higher
than point B, as shown. The bookcase is stationary and the forces exerted at
points A and B are still vertical.

B

Explain how the magnitude of the forces exerted at points A and B change.
You should consider moments about point A.

(Total for Question 12 = 10 marks)
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*

A textbook has the following statement about the motion of a projectile with negligible
air resistance acting on it.

“The only force acting on a projectile is the weight of the projectile. This affects the
vertical motion of the projectile but not the horizontal motion.’

A ball was projected up from the ground at an angle. The position of the ball was
plotted at equal time intervals, as shown.

Diagram is

° drawn to scale

(@) Explain how the diagram gives evidence to support the statement in the textbook.
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(b) The photograph shows a cannon which was used to fire cannonballs over long
distances in the 15th century.

(Source: © Ton Bangkeaw/Shutterstock)

A cannonball was projected over a horizontal distance of 250 m, as shown below.
The time of flight of the cannonball was 7.5s.

250m

Calculate the angle 6 at which the cannonball was fired and the initial speed u of
the cannonball.

U =

(Total for Question 13 = 11 marks)

\. J

e

AR R 0 .
>
5 2 3 A 0 1 5 2 8 Turn over

PMT



BLANK PAGE

J

P 7 8 5 2 3 A o 1 6 2 8

L]

PMT!

LSRR
0%
2
foseses
oSadesess
oo
SRS
R
KRR
K5
<5
K
SRR
R
LGRS

boS =
6N
% & 2%
Ko

25

o 0300
BOS% it
-0



PMT

( )

XX
bt

ot
o0

ZRZRRRRLRIRSE:

14 Since 2008, the Scottish island of Eigg has generated almost all its electrical power
from renewable energy sources. The main source of power for the island is produced by
hydroelectric generators.
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(a) Water falls through a height of 124 m as it flows through a pipe to a
hydroelectric generator.

(i) Calculate the maximum power input of the generator.

mass flow rate of the water = 130kgs™
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Maximum power iNPUt = ...

(if) Explain why the power input of the generator is always less than this value.
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(b) When demand for power is low on Eigg, excess energy is stored in a number of
batteries. The batteries have a total capacity of 4400 Ah when fully charged.

When demand for power is greater than the output from the renewable sources,
energy is supplied by the batteries. The batteries supply an average power of 20 kW.

Calculate the total time, in hours, for which the batteries can supply energy before
they need recharging.

total output potential difference of batteries = 48V

Total time = ... hours

(c) Each house on Eigg is allowed a maximum power of 5kW.
(i) Show that the maximum current in an electrical cable to a house is about 22 A.

mains potential difference = 230V
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(i) On Eigg the cables to the houses are made of aluminium instead of copper.

The rate of energy transfer to the environment is limited to 0.05W per metre
of cable.

The engineers claimed that using aluminium instead of copper reduced the cost
of the electrical cables by 90%.

Evaluate this claim by comparing a 1 m length of cable made from each material.

Assume the current in each cable is 22 A.

Material Resistivity / Qm | Costin £ per m®

Copper 1.68 x 108 77090

Aluminium 2.65x% 107 6070

(Total for Question 14 = 14 marks)
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<

15 A student makes a lens by filling a glass bowl with silicone oil. She investigated the
refraction of light through this lens.

The student shone light vertically downwards through the lens, as shown.

rays of light

silicone oil
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(@) The student measured the focal length of the lens to be 16.7cm.

Calculate the power of the lens.
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(b) The refractive index of the silicone oil changes with temperature, as shown.

1.42

1.40 -

Refractive
index

1.38 -

1.36 | I | | | |
0 20 40 60 80 100 120

Temperature / °C

The student connected a light dependent resistor (LDR) to an ohmmeter.

The light was brought to a focus at the focal point F, as shown. The LDR was
placed at F.

silicone oil

glass bowl
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The student recorded the resistance of the LDR. She then filled the glass bowl with
silicone oil at a higher temperature and recorded the resistance of the LDR again.

Deduce the effect on the resistance of the LDR of increasing the temperature of
the oil.
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(Total for Question 15 = 7 marks)
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16 A student directed light from a laser onto a double slit. The double slit consisted of two
parallel narrow slits a distance s apart. The light spread out as it passed through the
double slit and hit a screen a distance D away from the double slit, as shown.
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The light produced a pattern of bright and dark fringes on the screen, as shown below.
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(Source: © GIPhotoStock/SCIENCE PHOTO LIBRARY)

(@) The student used digital calipers to measure the separation of the fringes w by
measuring between the centres of adjacent fringes.

Explain how the student could reduce the percentage uncertainty in his measurement
of w.
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(b) The student varied s for the double slit and recorded corresponding values of w.
The results are recorded below.

s/ mm w/m

0.10 0.0643

0.20 0.0301

0.30 0.0204

0.40 0.0159

0.50 0.0131

(i) Plot a graph of s on the y-axis and 1/w on the x-axis using the grid opposite.

Use the additional column in the table for your processed data.

()

(it) The following equation can be used to determine the wavelength 4 of laser light
for the experiment.

Calculate 2 for the light used in this experiment.

D=9.00m

\. J

L]

PMT!

CRKLR

<
o2l
poverer 1968
BOSoti 1g8
e %
Bossre o
K ’0‘

<

=
% 1988
KoL
/]

.
%5

Poss
% &
poS-Sels

%%
o
A
0'0.

0955

$%e%



PMT

<
%

SRS

X
5%
s

%o
SRR
9
&5

CRERKRAL

ool
'

oSotesotesetetetetet

‘?
B 2795,
CRORLXSS

%
ptetetele!

%

QRS
5

Yosegetetetesss

%
K RIRRKRK AKX AN

KA
SRS
R RIIIILLLK,
CXELRS
SRRRHALS

0940
9o%%%
SER
YER
)

X

2K
(1
o0
ottt
Sogesessetet

CRRRLKS
SXRKKS
9005

'
258

%%
botodel
KRR
$%0%
<X

X
(RS
Qﬂ&&p
odeseteteted
d%0%!

LRLRIRRKRIRLRKRRS

55
&
53

5

35S
SRR
25
&
oo

%%
X

<
R

XL

0%

S
X
QK

<%
otetelotetele!

9
QKIEIRILEE

SO %
X

0e%e%
LR
CREALRREL

QORI
%

5
L
S0 0000 00 00002

<
0%

IQCIIIHA

<

-

KGRI IEIRIRK KR

28

255

RIS

<

v
2

KRIRKKARRAK K ARRAK K ARRAAK AR

ofeteds
svatvaivy
KR
555

<
e
ogmanatel
XS
Bose =%y

-
SIS
Dot
RO
SIS

O
X
)]
o
0%

&)

5
Aaveds

%
PRRZRS

888
1 >
Oeve%d%
Soodee;
CRLRKR

o2
()
s

o

2
L3
o

06060
%
XS

O
RSN
55

(S
SIRRA
%

<X
A
20205

QIR
(1
RS
AR KA
ZRLZRRRRRL

25
555

RO
o5

000,
5
Pososs
RRRRS

00
%
o0l

G
S

S5

2RK

27

S—. NN 0D 0
P78 572 3A0 27 2 8 Turn over



(c) Another student carried out the same experiment using a different laser labelled with
a wavelength of 520 nm.

(i) She measured w several times for the same value of s. The results are
recorded below.

w/ mm w__ [/ mm

mean

21 20 23 24 22

Calculate the percentage uncertainty in the value of w.

Percentage uncertainty inw =

(i) Assess whether the student’s results support the value of the wavelength of light
given on the label.

D=9.00m+0.01m
s=0.20mm =+ 4%

(Total for Question 16 = 16 marks)

TOTAL FOR SECTION B =23 MARKS
TOTAL FOR PAPER =80 MARKS
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Acceleration of free fall
Electron charge

Electron mass
Electronvolt

Gravitational field strength
Planck constant

Speed of light in a vacuum

List of data, formulae and relationships

g=9.81ms=?
e=-1.60x10C
m, = 9.11 x 10'kg
1eV =1.60x 107
g=9.81Nkg*
h=6.63x10%*Js
c=3.00x10®ms*

(close to Earth’s surface)

(close to Earth’s surface)

Mechanics Electricity
Kinematic equations of motion Potential difference
_ (u+v)t 4
2 Q
v=u+at )
1 Resistance
s=ut+ ;at? 1%
R=—
vZ=u?+ 2as 1
Forces Electrical power and energy
*F =ma P=Vi
F — |2
14
W = mg P = 53
moment of force = Fx
W = VIt
Momentum Resistivi
p=mv eSIStI\;Ity
R = p_
Work, energy and power 4
AW = FAs
1 Current
Ek = Emv I AQ
AE,,, = mgAh T Ar
I = ngvA
p=L |
t
p=
t
. useful energy output
efficiency = gy_ P
total energy input
- ful r output
efficiency = useful powe .ou pu
total power input
2 P78523A
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Materials

Density

_m
7

Stokes’ law
F = 6nyrv

Hooke’s law
AF = kAx

Young modulus

F
Stress o = —

. AX
Strain € = —
X

E=Z
&

Elastic strain energy
AEeI = %FAX

Waves and particle nature of light

Wave speed

v=/

Speed of a transverse wave on a string

_ T
v__

u

Intensity of radiation
=2
A

Power of a lens

p=1

f
P=P +P,+P + ..

Thin lens equation
1 1 1

u v f

Magnification for a lens
= image height _ v
object height  u

Diffraction grating
nl =dsin 0

Refractive index
n, sin 6, =n,sin 6,

n=—
v

Critical angle

sinC:l
n

Photon model
E = hf

Einstein’s photoelectric equation
hf = ¢ + Yamv?

max

de Broglie wavelength
h

a=2
p

END OF DATA, FORMULAE AND RELATIONSHIPS LIST
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