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Answer all the questions in the spaces provided.
1 (a) Make estimates of

(i) the mass, in kg, of a wooden metre rule,

(ii) the volume, in cm3, of a cricket ball or a tennis ball.

L

Fig. 1.1

The volume V of the wire is given by the expression
nd?L
i
The diameter, length and mass M are measured to determine the density of the metal of the
wire. The measured values are:

V=

d=0.38 £ 0.01mm,
L=25.0+0.1cm,
M=0.225 + 0.001g.

Calculate the density of the metal, with its absolute uncertainty. Give your answer to an
appropriate number of significant figures.

[Total: 7]
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2 A ball is thrown from a point P with an initial velocity u of 12ms~" at 50° to the horizontal, as

illustrated in Fig. 2.1.

path of ball

horizontal

Fig. 2.1
The ball reaches maximum height at Q.
Air resistance is negligible.
(a) Calculate

(i) the horizontal component of u,

horizontal component = .........ccccoiiiiiiiie

(ii) the vertical component of wu.

vertical component = ........cccceeeeeiiiiiiiieeeeeeen

(b) Show that the maximum height reached by the ball is 4.3 m.

(c) Determine the magnitude of the displacement PQ.

displacement = .........oooiiiiiiiei

© UCLES 2016 9702/21/M/J/16

(2]

[Total: 8]
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3 Aball of mass 150q is at rest on a horizontal floor, as shown in Fig. 3.1.

ball

floor ’/

Fig. 3.1

(@) (i) Calculate the magnitude of the normal contact force from the floor acting on the ball.

(ii) Explain your working in (i).

(b) The ball is now lifted above the floor and dropped so that it falls vertically, as illustrated in
Fig. 3.2.

ball

6.2ms™" l ‘ ‘ T 2.5ms™

just before contact just after losing contact

Fig. 3.2
Just before contact with the floor, the ball has velocity 6.2ms~' downwards. The ball bounces

from the floor and its velocity just after losing contact with the floor is 2.5ms™" upwards. The
ball is in contact with the floor for 0.12s.

© UCLES 2016 9702/21/M/J/16
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(i) State Newton’s second law of motion.

....................................................................................................................................... [1]
(i) Calculate the average resultant force on the ball when it is in contact with the floor.
magnitude of force = ... N
direction of fOrCe ........coooviiiiiiii
(3]

(iii) State and explain whether linear momentum is conserved during the collision of the ball
with the floor.

[Total: 8]
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4 (a) State whatis meant by elastic potential energy.

(b) A spring is extended by applying a force. The variation with extension x of the force F is
shown in Fig. 4.1 for the range of values of x from 20cm to 40cm.

11.0

N

10.0

N

AN

9.0

N\,

F/N

N

AN

7.0

AN

6.0 ]

N

AN

5.0

20 30 40
x/cm

Fig. 4.1

(i) Use data from Fig. 4.1 to show that the spring obeys Hooke’s law for this range of
extensions.

© UCLES 2016 9702/21/M/J/16



(ii) Use Fig. 4.1 to calculate

1. the spring constant,

spring constant = .........cccccoeeeeeiee e Nm=1[2]

2. the work done extending the spring from x =20cm to x = 40cm.

(o] Qe (o] 0 1= T R J [3]
(c) A force is applied to the spring in (b) to give an extension of 50cm.

State how you would check that the spring has not exceeded its elastic limit.

[Total: 9]

© UCLES 2016 9702/21/M/J/16 [Turn over



10

BLANK PAGE

© UCLES 2016 9702/21/M/J/16



11

5 The variation with time t of the displacement y of a wave X, as it passes a point P, is shown in
Fig. 5.1.

4.0

3.0
y/cm

2.0

J
J

1.0

0

0 1. 2.0 .0 4.0 5.0

-1.0

/,
'4
N
\\

Fig. 5.1
The intensity of wave Xis I.

(a) Use Fig. 5.1 to determine the frequency of wave X.

freqQUENCY = ..o Hz [2]

(b) A second wave Z with the same frequency as wave X also passes point P.
Wave Z has intensity 21. The phase difference between the two waves is 90°.

On Fig. 5.1, sketch the variation with time t of the displacement y of wave Z.

Show your working.

(3]

© UCLES 2016 9702/21/M/J/16 [Turn over
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(c) A double-slit interference experiment is used to determine the wavelength of light emitted
from a laser, as shown in Fig. 5.2.

\J

\J

\J

\J

laser light

double slit screen
Fig. 5.2 (not to scale)

The separation of the slits is 0.45mm. The fringes are viewed on a screen at a distance D
from the double slit.

The fringe width x is measured for different distances D. The variation with D of x is shown in
Fig. 5.3.

5.0

4.0 =
x/mm =

3.0

2.0

1.0

0

1.5 2.0 2.5 3.0 3.5
D/m

Fig. 5.3

(i) Use the gradient of the line in Fig. 5.3 to determine the wavelength, in nm, of the laser
light.

wavelength = ... nm [4]

© UCLES 2016 9702/21/M/J/16
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(ii) The separation of the slits is increased. State and explain the effects, if any, on the graph
of Fig. 5.3.

[Total: 11]
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6 (a) Define the coulomb.

(b) A resistor X is connected to a cell as shown in Fig. 6.1.

Fig. 6.1
The resistor is a wire of cross-sectional area A and length 1. The current in the wire is I.

Show that the average drift speed v of the charge carriers in X is given by the equation

I
nAe

where e is the charge on a charge carrier and n is the number of charge carriers per unit
volume in X.

V=

(3]

(c) A 12V battery with negligible internal resistance is connected to two resistors Y and Z, as
shown in Fig. 6.2.

12V

_|F__+,_
e
Fig. 6.2

© UCLES 2016 9702/21/M/J/16
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The resistors are made from wires of the same material. The wire of Y has a diameter d and
length 1. The wire of Z has a diameter 2d and length 21

(i) Determine the ratio

average drift speed of the charge carriersinY
average drift speed of the charge carriers in Z

ratio = .o, [3]

(ii) Show that

resistance of Y _ 5
resistance of Z

[2]
(iii) Determine the potential difference across Y.
potential difference = .......cccceeiiiii V[2]
(iv) Determine the ratio
power dissipated in Y
power dissipated in Z
ratio = .o, [1]
[Total: 12]
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7 (a) Give one example of

= T = o [ (0 o RS
= =Y o) o) o
(1]
(b) Describe, in terms of the simple quark model,
(i) a proton,
....................................................................................................................................... [1]

(c) Beta particles may be emitted during the decay of an unstable nucleus of an atom. The
emission of a beta particle is due to the decay of a neutron.

(i) Complete the following word equation for the particles produced in this reaction.

NEUIroN —> ..o, F ottt ———————————————— e T [1]

[Total: 5]
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Answer all the questions in the spaces provided.

1 (a) Define acceleration.

(b) A man travels on a toboggan down a slope covered with snow from point A to point B and
then to point C. The path is illustrated in Fig. 1.1.

toboggan, at rest

horizontal

horizontal 20°

Fig. 1.1 (not to scale)

The slope AB makes an angle of 40° with the horizontal and the slope BC makes an angle of
20° with the horizontal. Friction is not negligible.

The man and toboggan have a combined mass of 95kg.

The man starts from rest at A and has constant acceleration between A and B. The man
takes 19s to reach B. His speed is 36 ms™' at B.

(i) Calculate the acceleration from A to B.

acceleration = ........ccooeeeeeeeeieeeee e, ms2[2]

(ii) Show that the distance moved from A to B is 340m.

(1]

© UCLES 2016 9702/22/M/J/16
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(iii) For the man and toboggan moving from A to B, calculate

1. the change in kinetic energy,

change in Kinetic energy = ... J[2]

2. the change in potential energy.

change in potential energy = .......cccvereieiiiiiii J[2]

(iv) Use your answers in (iii) to determine the average frictional force that acts on the
toboggan between A and B.

frictional force = ... N [2]

(v) A parachute opens on the toboggan as it passes point B. There is a constant deceleration
of 3.0ms™2 from B to C.

Calculate the frictional force that produces this deceleration between B and C.

frictional force = .......ccoceoii s N [2]

[Total: 12]
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2 (a) Fig.2.1 shows a liquid in a cylindrical container.

cylindrical C >
container

liquid —— |

~~~~~

Fig. 2.1

The cross-sectional area of the container is A. The height of the column of liquid is h and the
density of the liquid is p.

Show that the pressure p due to the liquid on the base of the cylinder is given by

p = pgh.

(3]

© UCLES 2016 9702/22/M/J/16
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(b) The variation with height h of the total pressure P on the base of the cylinder in (a) is shown in

Fig.2.2.
3.0 iN
///'
P/10°Pa >
2.0 iE
1.0 £
0
0 0.5 1.0 15 2.0
h/m

Fig. 2.2

(i) Explain why the line of the graph in Fig. 2.2 does not pass through the origin (0,0).

....................................................................................................................................... [1]

(i) Use data from Fig. 2.2 to calculate the density of the liquid in the cylinder.
denSity = ....ccocvieieieeeeeee e kgm=3[2]
[Total: 6]

© UCLES 2016 9702/22/M/J/16 [Turn over



3 (a) Define the Young modulus.

(b) The Young modulus of steel is 1.9 x 10'! Pa. The Young modulus of copper is 1.2 x 10'!Pa.

A steel wire and a copper wire each have the same cross-sectional area and length. The two
wires are each extended by equal forces.

(i) Use the definition of the Young modulus to determine the ratio

extension of the copper wire _
extension of the steel wire

(ii) The two wires are each extended by a force. Both wires obey Hooke’s law.

On Fig. 3.1, sketch a graph for each wire to show the variation with extension of the
force.

Label the line for steel with the letter S and the line for copper with the letter C.

A

force

0 - -
0 extension

Fig. 3.1

(1]

[Total: 5]
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4 (a) By reference to the direction of the propagation of energy, state what is meant by a longitudinal
wave and by a fransverse wave.

[ONGIIUAINGL: ...

(b) The intensity of a sound wave passing through air is given by
I = Kvpf2A2
where [ is the intensity (power per unit area),
K is a constant without units,
v is the speed of sound,
p is the density of air,
fis the frequency of the wave
and A is the amplitude of the wave.

Show that both sides of the equation have the same SI base units.

3]

© UCLES 2016 9702/22/M/J/16 [Turn over
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(c) (i) Describe the Doppler effect.

(ii) A distant star is moving away from a stationary observer.

State the effect of the motion on the light observed from the star.

(d) A cartravels at a constant speed towards a stationary observer. The horn of the car sounds at

a frequency of 510Hz and the observer hears a frequency of 550Hz. The speed of sound in
air is 340ms™.

Calculate the speed of the car.

[Total: 10]
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5 (a) Light of a single wavelength is incident on a diffraction grating. Explain the part played by
diffraction and interference in the production of the first order maximum by the diffraction
grating.

Lo 117 12=1e3 1o ) o LN

(b) The diffraction grating illustrated in Fig. 5.1 is used with light of wavelength 486 nm.

second order

first order -
light

wavelength 486 nm
zero order -

diffraction

grating first order —

second order>{ screen

Fig. 5.1 (not to scale)

The orders of the maxima produced are shown on the screen in Fig. 5.1. The angle between
the two second order maxima is 59.4°.

Calculate the number of lines per millimetre of the grating.

number of lines per millimetre = .......cccooiiiii mm~' [3]

[Total: 6]
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6 Two parallel vertical metal plates are connected to a power supply, as shown in Fig. 6.1.

metal plate metal plate

! 16 mm !

O+
0

Fig. 6.1
The separation of the plates is 16 mm.
(@) On Fig. 6.1, draw at least six field lines to represent the electric field between the plates. [1]
(b) An a-particle travels in a vacuum between the two plates.

The electric field does work on the a-particle. The gain in kinetic energy of the a-particle is
15keV.

Calculate the electric field strength between the plates.

electric field strength = .......ccooveieiiieeeeeeee e vm'[4]

[Total: 5]

© UCLES 2016 9702/22/M/J/16 [Turn over
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7 (a) Electric current is a flow of charge carriers. The charge on the carriers is quantised. Explain
what is meant by quantised.

(b) A battery of electromotive force (e.m.f.) 9.0V and internal resistance 0.25Q is connected in
series with two identical resistors X and a resistor Y, as shown in Fig. 7.1.

X Y X
—{ 3+
0.15Q 2.7Q 0.15Q
Fig. 7.1

The resistance of each resistor X is 0.15Q and the resistance of resistorY is 2.7 Q.

(i) Show that the current in the circuit is 2.8 A.

(3]

(ii) Calculate the potential difference across the battery.

potential difference = ..............cc V [2]

© UCLES 2016 9702/22/M/J/16
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(c) Each resistor X connected in the circuit in (b) is made from a wire with a cross-sectional area
of 2.5mm?. The number of free electrons per unit volume in the wire is 8.5 x 1022m3.

(i) Calculate the average drift speed of the electrons in X.

arift SPEEd = ....veeeeeeeeeee e ms~! [2]

(ii) The two resistors X are replaced by two resistors Z made of the same material and
length but with half the diameter.

Describe and explain the difference between the average drift speed in Z and that in X.

[Total: 10]

© UCLES 2016 9702/22/M/J/16 [Turn over
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8 (a) State the name of the class (group) to which each of the following belongs:
ElECLION ..ueiiiii
(0 1=T0] 1) TSN
NEULMINO ..eeiiiiiieiee e

(0100 o o ISR

(b) A proton may decay into a neutron together with two other particles.

(i) Complete the following to give an equation that represents this proton decay.

(ii) Write an equation for this decay in terms of quark composition.

(iii) State the name of the force responsible for this decay.

2]

(2]

[Total: 6]
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1

(a) A list of quantities that are either scalars or vectors is shown in Fig. 1.1.

Complete Fig. 1.1 to indicate whether each quantity is a scalar or a vector.

Answer all the questions in the spaces provided.

4

quantity

scalar

vector

distance

v/

energy

momentum

power

time

weight

Fig. 1.1

One line has been completed as an example.

(b) A girl runs 120m due north in 15s. She then runs 80m due east in 12s.

[

2]

(i) Sketch a vector diagram to show the path taken by the girl. Draw and label her resultant

© UCLES 2016

displacement R.

9702/23/M/J/16

north

east

(1]



(i) Calculate, for the girl,

1. the average speed,

average SPEEA = ......cccceeveereeeereereeieeere e ms~1[1]

2. the magnitude of the average velocity v and its angle with respect to the direction of
the initial path.

MAagNItude Of V= ...cceiceiceecceeeee e, ms™!
ANGIE = L ——————— °

(3]

[Total: 7]

2 (a) Describe the effects, one in each case, of systematic errors and random errors when using a
micrometer screw gauge to take readings for the diameter of a wire.

SYSIEMALIC BITOIS: ....utiieitiee ettt ettt e e e et e e et e e et e e e eaaeeeeaaeeeeaseeesaeesseeeebeeeeseeeanrenas

[2]
(b) Distinguish between precision and accuracy when measuring the diameter of a wire.
(L =T eI o] o PRSP P PP PPRTPPN
= o o U1 = oSSR
(2]
[Total: 4]
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3 (a) Explain what is meant by gravitational potential energy and by kinetic energy.

gravitational Potential ENEIGY: .......oooi i

(b) A motion sensor is used to measure the velocity of a ball falling vertically towards the ground,

as illustrated in Fig. 3.1.
ﬁmotion sensor

ground

Fig. 3.1

The ball passes through points A and B as it falls. The ball has a mass of 1.5kg.
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The variation with time t of the velocity v of the ball as it falls from A to B is shown in Fig. 3.2.

8.0
7.0
/
/
J
J
7/
V4
6.0 /"
/
v/ims™ 4
/V
/V
/[

5.0 A

4.0

3.0

0.40 0.60 0.80 t/s
ball at pbsition A ball at pbsition B
Fig. 3.2

Use Fig. 3.2 to calculate, for the ball falling from A to B,

(i) the displacement,

displacement = ..., m [3]

(ii) the acceleration,

acceleration = ........ccooceeeeeeceeeeee e, ms2 [2]

© UCLES 2016 9702/23/M/J/16 [Turn over



(iii) the change in kinetic energy.

change in KinetiC energy = ..o J [3]

(c) Show that the work done by the gravitational field on the ball in (b) as it moves from A to B is
equal to the change in kinetic energy.

(2]

[Total: 12]
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4 A spring balance is used to weigh a cylinder that is immersed in oil, as shown in Fig. 4.1.

?

spring balance —

\') thin wire

cross-sectional area 13cm?

|- cylinder

——oil

Fig. 4.1

The reading on the spring balance is 4.8N. The length of the cylinder is 5.0cm and the cross-
sectional area of the cylinder is 13cm?. The weight of the cylinder is 5.3N.

(a) The cylinder is in equilibrium when it is immersed in the oil. Explain this in terms of the forces
acting on the cylinder.

(b) Calculate the density of the oil.

deNSItY = ...ooviiieicieeeeeeee e kgm=3[3]

[Total: 4]
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5 (a) State the law of conservation of momentum.

(b) Two particles A and B collide elastically, as illustrated in Fig. 5.1.

T y-direction

[

A
A B x-direction ' x-direction
o—» () Y = — — >
500ms™ at rest

VB
before collision after collision
Fig. 5.1

The initial velocity of A is 500ms™" in the x-direction and B is at rest.

The velocity of A after the collision is v, at 60° to the x-direction. The velocity of B after the

collision is vg at 30° to the x-direction.
The mass m of each particle is 1.67 x 10727 kg.

(i) Explain what is meant by the particles colliding elastically.

(ii) Calculate the total initial momentum of A and B.

MOMENTUM = ...
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(iii) State an expression in terms of m, v, and v; for the total momentum of A and B after the
collision

1. in the x-direction,

2. in the y-direction.

(2]
(iv) Calculate the magnitudes of the velocities v, and vy after the collision.
VA = e ms™!
VB = v ms™
(3]
[Total: 9]
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6 (a) Define the ohm.

(b) A 15V battery with negligible internal resistance is connected to two resistors P and Q, as
shown in Fig. 6.1.

Fig. 6.1

The resistors are made of wires of the same material. The wire of P has diameter d and
length 21. The wire of Q has diameter 2d and length L

The resistance of P is 12 Q.

(i) Show that the resistance of Q is 1.5Q.

(3]

(i) Calculate the total power dissipated in the resistors P and Q.
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(iii) Determine the ratio

average drift speed of the charge carriers in P
average drift speed of the charge carriers in Q °

[Total: 10]
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7 (a) Apparatus used to produce stationary waves on a stretched string is shown in Fig. 7.1.

frequency

generator light string
o) pulley
vibrator m wheel
L
masses
Fig. 7.1

The frequency generator is switched on.

(i)

(ii)

© UCLES 2016

Describe two adjustments that can be made to the apparatus to produce stationary
waves on the string.

Describe the features that are seen on the stretched string that indicate stationary waves
have been produced.
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(b) The variation with time t of the displacement x of a particle caused by a progressive wave R is
shown in Fig. 7.2. For the same particle, the variation with time t of the displacement x caused
by a second wave S is also shown in Fig. 7.2.

4.0 |
R
3.0 =TT
/ /
x/icm 2.0 2N TN
/ \ S / / \
1.0 / \ ]/ \\
] / \ \ ] / \
0 /| \ \ / /| \
0/ 0.2 \-1-1 0 .61/ 0.8 1.0
-1.0 \ / t/s
4 \ N\ J
-2.0F =
\
-3.0 3
-4.0
Fig. 7.2
(i) Determine the phase difference between wave R and wave S. Include an appropriate
unit.
phase difference = .......cccccooiiiiiii [1]
(ii) Calculate the ratio
intensity of wave R
intensity of wave S °
ratio = .o, 2]
[Total: 6]
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8 (a) Distinguish between an a-particle and a p*-particle.

(b) State the equation that shows the decay of a particle in a nucleus that results in g+ emission.
All particles in the equation should be shown in the notation that is usually used for the
representation of nuclides.

(2]
(c) (i) State the quark composition of

1. a proton,

[Total: 8]
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