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Data
speed of light in free space, ¢ =3.00x108ms™’
permeability of free space, py =4mx 10"Hm™
permittivity of free space, g =885x107"2Fm™
(47350 =8.99 x 10°mF™)
elementary charge, e=1.60x10"°C
the Planck constant, h=6.63x10*Js
unified atomic mass constant, u=1.66x10%kg
rest mass of electron, me = 9.11 x 10"'kg
rest mass of proton, m, = 1.67 x 107" kg
molar gas constant, R =8.31JK ' 'mol™
the Avogadro constant, Na = 6.02 x 102 mol™
the Boltzmann constant, k=1.38x102JK™
gravitational constant, G =6.67 x 107" Nm?kg™
acceleration of free fall, g =9.81 ms
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Formulae

uniformly accelerated motion,

work done on/by a gas,
gravitational potential,
hydrostatic pressure,

pressure of an ideal gas,

simple harmonic motion,

velocity of particle in s.h.m.,

electric potential,

capacitors in series,
capacitors in parallel,
energy of charged capacitor,
resistors in series,

resistors in parallel,
alternating current/voltage,

radioactive decay,

decay constant,
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s = ut+ Lat?
v? = u?+ 2as

W = pAV
9=

p = pgh

p = 13/\\//_m<cz>
a=-0x

vV =V, COS ot

V=40 4(xf-x?)

v=_2

4reyr

1/C=1/Ci+1/Co+ ...

C=Ci+Cy+...
W= tav
R=R{+Ry+...

1/R=1/Ri+1/R+ ...

X = X Sin wt

X = Xg exp(—Af)

0.693

h= 7
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1 Which pair includes a vector quantity and a scalar quantity?
A displacement; acceleration
B force; kinetic energy
C power; speed
D

work; potential energy

2 The unit of resistivity, expressed in terms of base units, is given by

kgx®y2z73.
Which base units are x, y and z?
X y z
A ampere metre second
B metre ampere second
Cc metre second ampere
D second ampere metre

3 Two forces act on a circular disc as shown.

3N

Which diagram shows the line of action of the resultant force?

CRGNCHE;

Space for working
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4 A student carried out an experiment in which an electric current was known to decrease with
time. The readings he found, from first to last, were 3.62mA, 2.81mA, 1.13mA, 1.76 mA and
0.90mA.

Which statement could not explain the anomalous 1.13 mA reading?

A He has reversed the third and fourth readings in the results table.

B He read the ammeter incorrectly; the reading should have been 2.13 mA.
C He took the current reading at the wrong time.
D

There was a systematic error in the readings from the ammeter.

5 The diagram shows a calibration curve for a thermistor, drawn with an unusual scale on the

vertical axis.
100000 ==
SN
\\
resistance/Q N
10000 ~
T~
AN
N
N
1000 \\
~
~.
100
0 10 20 30 40 50
temperature/°C

What is the thermistor resistance corresponding to a temperature of 40°C?

A 130Q B 150Q C 400Q D 940Q

Space for working
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6 A sky diver falls vertically from a stationary balloon. She leaves the balloon at time t = 0. At time
t = T, she reaches terminal velocity. Beyond the time shown in the graphs, she opens her
parachute.

Which graph shows the variation with time t of the force F due to air resistance?

A B C D

7 The diagram shows an arrangement to stop trains that are travelling too fast.

speed 50ms™

direction maximum speed
of travel 10ms™
_ >
it | -
train marker 1 marker 2

Trains coming from the left travel at a speed of 50ms™". At marker 1, the driver must apply the

brakes so that the train decelerates uniformly in order to pass marker 2 at no more than 10ms~".

The train carries a detector that notes the times when the train passes each marker and will apply
an emergency brake if the time between passing marker 1 and marker 2 is less than
20s.

How far from marker 2 should marker 1 be placed?

A 200m B 400m C 500m D 600m

Space for working
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8 Aballis released from rest above a horizontal surface and bounces several times.

The graph shows how, for this ball, a quantity y varies with time.

Y A

time
What is the quantity y?

A acceleration
B displacement
C kinetic energy

D velocity

9 A strong wind of speed 33ms™' blows against a wall. The density of the air is 1.2kgm™. The wall
has an area of 12m? at right angles to the wind velocity. The air has its speed reduced to zero
when it hits the wall.

What is the approximate force exerted by the air on the wall?

A 330N B 400N C 480N D 16000N

Space for working
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10 Two bodies travelling in a straight line collide in a perfectly elastic collision. Which of the following
statements must be correct?

A The initial speed of one body will be the same as the final speed of the other body.

B The relative speed of approach between the two bodies equals their relative speed of
separation.

The total momentum is conserved but the total kinetic energy will be reduced.

One of the bodies will be stationary at one instant.

11 A submarine is in equilibrium in a fully submerged position.

What causes the upthrust on the submarine?

A The air in the submarine is less dense than sea water.

B The sea water exerts a greater upward force on the submarine than the weight of the steel.
C The submarine displaces its own volume of sea water.
D

There is a difference in water pressure acting on the top and on the bottom of the submarine.

Space for working
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12 A vehicle is at rest on a slope. It is considered to have three forces acting on it to keep it in
equilibrium.

They are its weight W, a normal reaction force R and a frictional force F.
Which triangle of forces is correct?

A B Cc D

13 All external forces on a body cancel out.

Which statement must be correct?

A The body does not move.

B The momentum of the body remains unchanged.
C The speed of the body remains unchanged.
D

The total energy (kinetic and potential) of the body remains unchanged.

Space for working
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14 A uniform beam of mass 1.4kg is pivoted at P as shown. The beam has a length of 0.60m and P
is 0.20m from one end. Loads of 3.0kg and 6.0kg are suspended 0.35m and 0.15m from the
pivot as shown.

0.40m ~0.20m

A
\

A
\

) 0.35m 0.15m

| [ |

AN |
3.0kg P 6.0kg

centre of beam
of mass 1.4kg

Y
A
\

What torque must be applied to the beam in order to maintain it in equilibrium?

A 0.010Nm B 0.10Nm C 0.29Nm D 28Nm

15 A ball is thrown vertically upwards.

Neglecting air resistance, which statement is correct?

A The kinetic energy of the ball is greatest at the greatest height attained.

B By the principle of conservation of energy, the total energy of the ball is constant throughout
its motion.

C By the principle of conservation of momentum, the momentum of the ball is constant
throughout its motion.

D The potential energy of the ball increases uniformly with time during its ascent.
16 A bow of mass 400g shoots an arrow of mass 120g vertically upwards. The potential energy
stored in the bow just before release is 80J. The system has an efficiency of 28%.

What is the height reached by the arrow when air resistance is neglected?

A 4m B 19m C 187m D 243m

Space for working
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17 A train on a mountain railway is carrying 200 people of average mass 70kg up a slope at an
angle of 30° to the horizontal and at a speed of 6.0ms™". The train itself has a mass of 80000Kkg.
The percentage of the power from the engine which is used to raise the passengers and the train
is 40 %.

What is the power of the engine?

A 1.1MW B 28MW C 6.9MW D 14MW

18 A gas is enclosed inside a cylinder which is fitted with a frictionless piston.

V1
PP
— Lo
heat gas s -
— DU S

Va

Initially, the gas has a volume V; and is in equilibrium with an external pressure p. The gas is
then heated slowly so that it expands, pushing the piston back until the volume of the gas has
increased to V5.

How much work is done by the gas during this expansion?

A p(Vo- Vi) B 2p(Va—Vi) € p(Vo+ Vi) D 1p(Ve+ Vi)

Space for working
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19 The diagram shows an ice cube floating in water.

ice

Both the ice cube and the water are at 0°C.

Which statement correctly compares the molecular properties of the ice and those of the water?

A The mean inter-molecular potential energies are the same for both the ice molecules and the
water molecules.

B The mean inter-molecular separations are the same for both the ice and the water.
The mean kinetic energies are the same for both the ice molecules and the water molecules.

The mean total energies are the same for both the ice molecules and the water molecules.

Space for working
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20 Two bulbs X and Y containing air at different pressures are connected by a tube P which contains
two mercury threads.

air pressure air pressure
16000 Pa 8000 Pa
X P Y
/(——L\\
h h, and h, are
! h, not to scale

mercury threads
The density of mercury is 13600 kg m™.

Which pair of values of hy and h; is possible?

hy/cm hy/cm
A 4.0 2.0
B 6.0 6.0
Cc 12.0 18.0
D 18.0 12.0

21 What is the unit of the Young modulus?

A Nm™ B Nm C Nm? D Nm?

Space for working
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22 A rubber cord hangs from a rigid support. A weight attached to its lower end is gradually
increased from zero, and then gradually reduced to zero.

R force |
rubber stretching
cord—__|
0 contraction
weight \E 0 .
0 extension

The force-extension curve for contraction is below the force-extension curve for stretching.
What does the shaded area between the curves represent?

A the amount of elastic energy stored in the rubber

B the amount of thermal energy dissipated in the rubber
C the work done on the rubber cord during stretching
D

the work done by the rubber cord during contraction

Space for working
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23 The diagram shows a large crane on a construction site lifting a cube-shaped load.

-

15

/

 —

crane—__|

cable

load

A model is made of the crane, its load and the cable supporting the load.

The material used for each part of the model is the same as that in the full-size crane, cable and
load. The model is one tenth full-size in all linear dimensions.

What is the ratio stress in the cable on the full-size crane ?
stress in the cable on the model crane

A 10°

B

10’

c 10?

D

10

3

24 The order of magnitude of the frequency of the shortest wavelength of visible light waves can be
expressed as 10*Hz.

What is the value of x?

A 12

Space for working
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25 The diagram shows two waves X and Y.

displacement

A

16

/\ /( wave X

00\/

N e

Wave X has amplitude 8 cm and frequency 100 Hz.

What are the amplitude and the frequency of wave Y?

amplitude/cm frequency/Hz
A 2 33
B 2 300
Cc 4 33
D 4 300

26 What is correct for all transverse waves?

A They are all electromagnetic.

O O W

Space for working
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They can all be polarised.

They can all travel through a vacuum.

They all involve the oscillation of atoms.
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27 A transmitter of electromagnetic waves is placed 45cm from a reflective surface.

28

| __reflective surface
transmitter

<]

< »
. P

45¢cm

The emitted waves have a frequency of 1.00 GHz. A stationary wave is produced with a node at
the transmitter and a node at the surface.

How many antinodes are in the space between the transmitter and the surface?

A 1 B 2 CcC 3 D 4

A teacher sets up the apparatus shown to demonstrate a two-slit interference pattern on the
screen.

single double screen
slit slit

source ——{ ——————

of light q |

p r
Which change to the apparatus will increase the fringe spacing?
A decreasing the distance p

decreasing the distance g

B
C decreasing the distance r
D

decreasing the wavelength of the light

Space for working
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29 Monochromatic light of wavelength 5.30 x 10™" m is incident normally on a diffraction grating. The
first order maximum is observed at an angle of 15.4° to the direction of the incident light.

What is the angle between the first and second order diffraction maxima?
A 76° B 154° C 16.7° D 32.0°

30 Two conducting layers of a liquid crystal display of a calculator are 8um apart. A 1.5V cell is
connected across the conducting layers when the calculator is switched on.

What is the electric field strength between the layers?

A 12x10°Vm™

B 0.19vm™
c 12vm™
D 1.9x10°Vm™

Space for working
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31 A positively-charged particle is projected into a uniform electric field.

Which diagram represents the path of the particle in the electric field?

A B
electric field in plane of the paper electric field in plane of the paper
L
/
[ -
&——— | &——1
——1.
Y Y Y Y Y Y Y \ Y \ \ Y Y Y
C D
electric field into paper electric field into paper
X X X X X X X X X X X X X X
X X X X X X X X X X X X X X
X X X X X X X X X X X X X X

32 A power cable has length 2000m. The cable is made of twelve parallel strands of copper wire,
each with diameter 0.51 mm.

What is the resistance of the cable? (resistivity of copper = 1.7 x 108 Qm)
A 0.014Q B 35Q C 14Q D 166Q

33 A low-voltage supply with an e.m.f. of 20V and an internal resistance of 1.5Q is used to supply
power to a heater of resistance 6.5Q in a fish tank.

What is the power supplied to the water in the fish tank?

A 41W B 50W C 53w D 62W

Space for working
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34 A filament lamp has a resistance of 180 when the current in it is 500 mA.

What is the power transformed in the lamp?

A 45W B S50W Cc 90w D 1400W

35 Two wires P and Q made of the same material are connected to the same electrical supply.
P has twice the length of Q and one-third of the diameter of Q, as shown in the diagram.

A
Y

currentinP ”

What is the ratio ——— 7
currentinQ

(o) J N
—
(0]

A 2 B 2 c
3 9

Space for working
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36 A 12V battery is in series with an ammeter, a 2Q fixed resistor and a 0—10Q variable resistor.
High-resistance voltmeters P and Q are connected across the variable resistor and the fixed
resistor respectively, as shown.

12V

The resistance of the variable resistor is changed from its maximum value to zero.

Which graph shows the variation with current of the voltmeter readings?

A B
A A
voltmeter P voltmeter Q
reading reading
/ P
0 > 0 B
0 current 0 current
C D
A A
voltmeter voltmeter
reading P reading Q
Q P
0 > 0 >
0 current 0 current

Space for working
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37 Five resistors are connected as shown.

22

20Q 8.0Q
— A
6.0Q 8.0Q
—e—  +—— 1 s
P Q
7.0Q
1
1
What is the total resistance between P and Q?
A 0250 B 061Q C 4.00 D 16Q

38 In the circuit below, the reading V+ on the voltmeter changes from high to low as the temperature
of the thermistor changes. The reading V| on the voltmeter changes from high to low as the level
of light on the light-dependent resistor (LDR) changes.

KO

1
N

3

1

H

¢

The readings V7 and V| are both high.

What are the conditions of temperature and light level?

temperature light level
A low low
B low high
C high low
D high high

Space for working
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39 What is the approximate mass of an alpha particle?

A 10%kg
B 10 %kg
C 10%kg
D 10 %kg

40 An actinium nucleus has a nucleon number of 227 and a proton number of 89. It decays to form a
radium nucleus, emitting a beta particle and an alpha particle in the process.

What are the nucleon number and the proton number of this radium nucleus?

nucleon number | proton number
A 223 87
B 223 88
Cc 224 87
D 225 86

Space for working
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