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pata gravitational field strength close to Earth’s surface g = 9.81Nkg™
elementary charge e = 1.60x107'°C
speed of light in vacuum c = 3.00x 108 ms™
Planck constant h = 6.63x10°*Js
permittivity of free space g0 = 8.85x 10" Fm™
gravitational constant G = 6.67 x 107" Nm?kg™
electron mass me = 9.11 x 10%¥'kg
proton mass m, = 1.67 x 10 kg
unified atomic mass constant u = 1.66x 10%kg
molar gas constant R = 8.31JK "mol™
Avogadro constant Ny = 6.02 x 102 mol™
Boltzmann constant k = 1.38 x 102 JK™"
Stefan-Boltzmann constant o= 567 x10°Wm=2K™
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4

1 Aforce of 30N is required to pull the strings of a catapult into the firing position.

catapult

30N

string

What is the tension in each string?

A 15N B 17N C 30N D 35N

2 A wooden block of mass 5kg is released on a smooth inclined plane.

5kg

The acceleration due to gravity is given by g.

What is the acceleration of the block down the inclined plane?
g g I3
A = B = C — D
5 2 I 2 I

Space for working
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3 A cylindrical vessel stands upright on its base of cross-sectional area A. It contains a volume V of
a liquid with density p.

cylindrical vessel
/ y

base

Which combination will produce the same pressure at the bottom of the liquid?

cross-sectional .
density volume
area
A
A = 2 74
2 £
B A P 2V
2 2
C 2A 2p 74
Yo
D 2A = 2V
2

Space for working

© UCLES 2013 9792/01/M/J/13 [Turn over



4 The diagram shows a man standing in a lift.

E/cable

| lift

The forces acting on the man and the forces acting on the lift are shown below.

TT

N is the force from the lift floor on the man.
W, is the weight of the man.
T is the tension in the lift cable.
l W W, is the weight of the lift.
2 D is the force from the man on the lift floor.

Which statement is correct?

A

B
C
D

N and W, are always equal and opposite.
(W; + Wo) is always equal to T.
If N = W, the lift must be at rest.

If T= (D + W,) the lift must have a constant velocity.

Space for working
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5 A trailer of mass 400kg is pulled by a car of mass 1200kg. The diagram shows the horizontal
forces acting on the trailer.

resistive forces
car trailer on trailer 200N

What is the unbalanced force acting on the car?

A 400N B 600N C 1200N D 1800N

6 A tennis ball of mass 569 is struck by a tennis racquet. The graph shows how the force exerted
on the ball by the racquet varies with time.

1200
force/N A N
7 N
800
/.
// \\
/ N
N
400
/
/ \\
/ \\
1// \\\
/ N\
0
0 1.0 2.0 3.0 4.0 5.0
time/ms
What is the change in the velocity of the tennis ball?
A 50cms™ B 100cms™ C 50ms™ D 100ms™

Space for working
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7 Aclay pigeon is launched vertically into the air from the ground.

vertical line of travel
of clay pigeon—__

It

clay pigeon

?

bullet i
marksman \ ! 60m
> :
W 300ms™’ -T
< 170m > Iaur_10h|ng
device

(diagram not to scale)
A marksman lies 170 m away from the launching device on level ground. Just as the clay pigeon
reaches its maximum height of 60m, the marksman fires a bullet aimed directly at the clay
pigeon. The bullet leaves the rifle with a speed of 300ms™".

At what time after the bullet is fired is the clay pigeon hit? Assume air resistance is negligible.

A 017s
B 0.57s
C 0.60s
D 1.66s

Space for working
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8 The diagram shows a uniform beam of length 100 cm pivoted 20 cm from one end and balanced
with a 5.0 kg mass.

P 100cm g
' 20cm E
|
5.0kg
What is the mass of the beam?
A 1.00kg B 1.25kg C 3.3kg D 5.0kg

9 A car of mass 1000kg is moving at 25ms™". The brakes are applied, causing the car to stop.

The car has four brakes, each consisting of a 3.0kg metal disc that rubs against a wheel. The
specific heat capacity of the metal from which the discs are made is 400 Jkg™ K.

What is the maximum rise in the temperature of the brakes?

A 26°C B 52°C C 65°C D 260°C

Space for working
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10 A block of ice is heated at a constant rate by a 0.25kW heater.

10

The graph below shows how the temperature of the ice (and subsequently water) changes with

time.

temperature/°C

A
15

10

Assume that all the energy supplied is used to heat the ice.

1 1 I
10 12 14

time/minutes

»
>

What is the original mass of the block of ice? The specific latent heat of fusion of water is

3.3x10°Jkg™.

A 0.5¢ B

8.39g C 0.5kg

D 8.3kg

11 In order to calculate the energy needed to vaporise a certain quantity of a liquid, it is necessary to
know the values of which two quantities?

quantity 1 quantity 2
A boiling point specific heat capacity of liquid
B boiling point specific latent heat of liquid
C mass specific heat capacity of liquid
D mass specific latent heat of liquid

Space for working
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12 Atrolley is pushed with a force of 3.0N for 2.0 s along a frictionless track.

trolley
3.0N frictionless
— > track

The graph shows the velocity of the trolley against time.

A
velocity/ms™!

0.50------

Y

time/s

How much work is done by the force on the trolley?

A 15J B 3.0J C 6.0J D 9.0J

13 Sky City in Tokyo is 1.00 km tall. The lifts take 2.0 minutes to reach the top.
A lift of mass 450kg carries two passengers who have a combined mass of 140kg.

What is the average power supplied to the ascending lift?

A 49kW B 37kW C 48kW D 2900kW

Space for working
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14 A toy is released from rest on a smooth curved surface.

smooth curved surface
40cm

spring

The toy, of mass 0.22kg, runs down the curved surface through a vertical distance of 0.40m. It
strikes a spring of force constant 350N m™' and compresses it a distance x before coming to rest.

Assuming no energy losses, what is the value of x?
A 49x10°m B 72x10°m € 22x10°m D 7.0x107%m
15 Which force will produce an extension of 1.0mm in a steel wire of length 4.0m and diameter

0.50 mm?
(Young modulus of steel = 200 GPa)

A 98N B 39N C 9800N D 3900N

16 Wire X and wire Y are both made of copper. Wire X has twice the length of wire Y. The wires are
hung vertically and stretched by hanging identical weights from the bottom of each.

The extension of wire Y is twice that of wire X.

What is the ratio: diameter of wire X ,
diameter of wire Y

A B

1 1
4 2

Space for working
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17 A tensile force causes a wire of length L, Young modulus E and cross-sectional area A to be
stretched by a length x.

Which expression gives the elastic energy stored in the wire?

EAL

A B ExA C Ex2A D Ex2A

L L 2L

18 The diagram shows a circuit.

,,,,,,,,,,,,,,,

__—
1 100
O

The cell has an e.m.f. of 1.5V. The voltmeter reads 1.2V when the switch is open.

What happens to the voltmeter reading and the current through the ammeter when the switch is

closed?
voltmeter current through
reading ammeter
A decreases increases
B increases decreases
C stays the same decreases
D stays the same increases

Space for working
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19 In the diagrams, resistor P has twice the resistance of resistor Q.

Which network has the lowest resistance?

A B
| P | P
o—9 P [ o o  o—¢ a H a to
| Q| | P
C D
| P | P | P | Q|
o—e O o—e O
| Q| | Q| | P | Q|

20 A circuit is connected as shown.

O,

-]
|I'I

The ammeter reads 2.0 A. The battery has negligible internal resistance.

Which statement about the circuit is correct?

A Each second, 2.0 C of charge flows through the lamp.

B Each second, 6.25 x 10'® electrons flow through the resistor.

C Each second, 1.25 x 10" electrons flow away from terminal T of the battery.
D

Each second, fewer than 1.25 x 10" electrons flow through the lamp.

Space for working
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21 A potential divider circuit is set up by connecting two resistors in series as shown. The potential

difference across the circuit is V.

VO—_L

1

Oo— T

10kQ

15kQ

What is the potential difference across the 10kQ resistor?

22 Two resistors of resistance R are connected in parallel with a cell of negligible internal resistance.
The power delivered by the cell is P.

One of the resistors burns out.

What is the power now delivered by the cell?

A 1P

Space for working
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23 A wire has a length of 2.2m and a diameter of 1.6 mm. The current in the wire is 0.44 A when a
potential difference of 0.50V is applied between its ends.

What is the resistivity of the wire?

A 80x107Qm
B 1.0x10°%Qm
C 32x10°%Qm
D 42x10°%Qm

24 Wire X has radius r, length [ and is made of a material whose resistivity is p.
Wire Y has radius 3r, length 37 and is made of material whose resistivity is 3p.

When X and Y are connected in series, their combined resistance is Rs. When X and Y are
connected in parallel, their combined resistance is Rp.

What is the ratio &?
RP

A 1 B 3 C 4 D%

25 When there is a current in a tungsten filament lamp, the filament gets hot and its resistance
increases.
The resistance of tungsten is approximately proportional to its absolute temperature (R «T). The
power supplied to the filament is proportional to the fourth power of its absolute temperature
(P ocTH).
Which relationship follows from this?

A I%V3is a constant.

B is a constant.

1'5
V3
C \;—35 is a constant.
ve is a constant.

I4

Space for working
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26 Which of these parts of the electromagnetic spectrum has both frequency greater than infra-red
and wavelength smaller than X-rays?

A gamma rays
B microwaves
C radio waves
D

ultraviolet

27 Light passes from air into a glass block as shown.

ray of light

glass block

Which features of the light all change as the light enters the block?

A direction of travel, frequency and speed

B direction of travel, frequency and wavelength
C direction of travel, speed and wavelength
D

frequency, speed and wavelength

Space for working
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28 Microwaves travel more slowly in carbon dioxide than in air.

A beam of microwaves is directed towards a balloon filled with carbon dioxide as shown in the
diagram.

At which point will the intensity of microwaves be greatest?

oA

oB

balloon

carbon
dioxide

eC

beam of
microwaves

oD

29 Light reflected from the surface of water is partially polarised.

N

polaroid filter

A polaroid filter is used to view a water surface.

partially polarised light

water
The polaroid filter is rotated through 180° in the plane perpendicular to the reflected light.

Which statement could describe the observations?

A The brightness changes from a maximum to a minimum.

B The brightness changes from a minimum to a maximum.

C The brightness changes from a maximum to a minimum to a maximum.
D

The brightness changes from a minimum to a maximum to a minimum to a maximum.

Space for working
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30 A microphone is connected to an oscilloscope and picks up sound waves X and Y. The diagram

shows the displays on the oscilloscope screen. The same oscilloscope settings are used for both
sound waves.

~—
AT

/ ) x\ key

\
A\ \ _
|/ \ \‘I‘ \ l/ signal X
\ l . \ I ------ signal Y
\ / “s~. \\‘r' '

The frequency and intensity of signal X are f; and I,.
The frequency and intensity of signal Y are f; and I,.

What are the frequency and intensity ratios?

Ty Ly

f x
A| 05 0.25
B| 05 0.5
c| 2 0.25
D| 2 0.5

Space for working
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31 Magenta light consisting of a mixture of blue and red light is incident on a diffraction grating.

What is the expected arrangement of first orders about the central zero order?

A
grating
blue
> magenta
magenta
red
C
’ blue
grating
red
magenta
magenta
red
blue

B
grating
red
> magenta
magenta
blue
D
red

grating
blue

magenta

magenta
blue

red

32 Light produced by a calcium discharge lamp strikes a diffraction grating, with 800 slits per mm, at

right angles to the surface.

The second order spectrum includes a line at an angle of 41.0° to the normal.

What is the wavelength of the light producing this line?

A 16x10°m B 41x10'm C 46x10'm D 82x10'm
Space for working
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33 A parallel, monochromatic beam of electromagnetic radiation is incident at right angles onto a
single slit of width 0.010 mm.

The graph shows how the intensity of the radiation varies with the sine of the angle 6 through
which the light is diffracted.

intensity
A

S = »

| | | | | | o
-0.15 -0.10 —-0.05 0.00 0.05 0.10 0.15 sind

What is the wavelength of the radiation?

A 500nm B 750nm C 500um D 750um

34 A uniform wire XY is fixed at its ends and vibrates transversely in its fundamental mode.

-~

-~
-~
———

\
Y.\

What is the phase difference between the displacement of a particle at S and that of a particle at
T?
A 0° B 45° C 135° D 180°

Space for working
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35 An electron of mass m and charge e is accelerated from rest through a potential difference of V.

What is the frequency of a photon whose wavelength is equal to the de Broglie wavelength of this
electron? (c is the speed of light and h is the Planck constant.)

A GP2mev. o c he p ev

36 The photoelectric work function for sodium is 3.65 x 1079 J.

Ultraviolet radiation of frequency 8.90 x 10"Hz is directed at a clean sodium surface in a vacuum
causing photoelectric emission.

What is the kinetic energy of the fastest electrons emitted?
A 225x107J
B 3.65x107"J
C 5.90x107J
D 9.55x107"J

37 Nuclei of carbon-14 can be produced when neutrons interact with nuclei of nitrogen-14. The
reaction equation is shown.

14 1 14
sN + on > C + x

What is particle x?
A an electron

B a neutrino
C apositron
D

a proton

Space for working
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38 Which row correctly identifies the nuclear radiation with the greatest penetrating power and the
nuclear radiation with the greatest ionising power?

penetrating ionising
power power
A a o
B o Y
C Y o
D Y Y

39 The diagram represents the thermonuclear fission of a % U nucleus. The uranium nucleus
absorbs a neutron and produces the nuclides X and Y and two neutrons.

X
HU
[
neutron
Y
Which row identifies what X and Y might be?
X Y
92 141
A a6 KT 56 Ba
92 142
B a6 KT 55 Ba
93 142
C 36 Kr - Ba
93 143
D a6 KT 55 Ba
Space for working
© UCLES 2013 9792/01/M/J/13 [Turn over



24

40 A sample of a radioactive isotope with nucleon number 210 decays by alpha emission into a
stable isotope with nucleon number 206. The process has a half-life of 140 days.

If all the emitted alpha-particles escape from the sample but none of the daughter product
escapes, what will be the percentage fall in the mass of the source after 280 days?

A 0.48% B 1.43% C 25% D 75%

Space for working
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