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4
Answer all the questions in the spaces provided.

1 (a) Determine the SI base units of stress.
Show your working.

base units ... [2]

(b) A beam PQ is clamped so that the beam is horizontal. A mass M of 500g is hung from end Q
and the beam bends slightly, as illustrated in Fig. 1.1.

clamp

__horizontal

Fig. 1.1

The length 1 of the beam from the edge of the clamp R to end Q is 60.0cm. The width b of the
beam is 30.0mm and the thickness d of the beam is 5.00mm. The material of the beam has
Young modulus E.

The mass M is made to oscillate vertically. The time period T of the oscillations is 0.58s.

The period T is given by the expression

3
T=o2m [ 2ME
Ebd?

(i) Determine Ein GPa.

E e ee e GPa[3]
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5

(ii) The quantities used to determine E should be measured with accuracy and with precision.

© UCLES 2017

1.

Explain the difference between accuracy and precision.

L5 L0 0 U L (0

In a particular experiment, the quantities [ and T are measured with the same
percentage uncertainty. State and explain which of these two quantities contributes
more to the uncertainty in the value of E.

[Total: 8]
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2 (a) State the two conditions for a system to be in equilibrium.

boat

horizontal

water

Fig. 2.1

The wire makes an angle of 25° with the horizontal water surface. P moves in a straight line
parallel to the surface of the water.

The variation with time t of the velocity v of P is shown in Fig. 2.2.

10.0

8.0

AN

vims™

6.0

4.0

2.0

0 2.0 4.0 6.0 8.0
t/s

Fig. 2.2
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(i) Show that the acceleration of P is 1.4ms™ at time t=5.0s.

[2]
(i) Calculate the total distance moved by P from time t=0to t=7.0s.
diStaNCe = ..oovvieiiieeeeee m [2]
(iii) Calculate the change in kinetic energy of P from time t=01o t=7.0s.
change in kinetic energy = ... J [2]
(iv) The tension in the wire at time t=5.0s is 280N.
Calculate, for the horizontal motion,
1. the vertical lift force F supporting P,
F o N [3]
2. the force R due to air resistance acting on P in the horizontal direction.
B = e N [3]
[Total: 14]
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3 (a) Acylinder is made from a material of density 2.7 gcm=3. The cylinder has diameter 2.4cm and
length 5.0cm.

Show that the cylinder has weight 0.60 N.

[3]

(b) The cylinder in (a) is hung from the end A of a non-uniform bar AB, as shown in Fig. 3.1.

| 50cm '

! 20cm :

| bar | .« 12cm

A 1 1 IB
P
cylinder ] X
0.25N
0.60N
Fig. 3.1

The bar has length 50cm and has weight 0.25N. The centre of gravity of the bar is 20cm
from B. The bar is pivoted at P. The pivot is 12cm from B.

An object X is hung from end B. The weight of X is adjusted until the bar is horizontal and in
equilibrium.

(i) Explain what is meant by centre of gravity.

© UCLES 2017 9702/21/MIJI17



(i) Calculate the weight of X.

weight of X = s N [3]

(c) The cylinder is now immersed in water, as illustrated in Fig. 3.2.

water—|

0.25N

BN

Fig. 3.2
An upthrust acts on the cylinder and the bar is not in equilibrium.

(i) Explain the origin of the upthrust.

[Total: 10]
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4 (a) State the conditions required for the formation of stationary waves.

(b) One end of a string is attached to a vibrator. The string is stretched by passing the other end
over a pulley and attaching a load, as illustrated in Fig. 4.1.

pulley

————————

vibrator—__ — —j---°7 T—  Tt=--T 0 T— Theeer
support for
pulley

load

Fig. 4.1

The frequency of vibration of the vibrator is adjusted to 250Hz and a transverse wave travels

along the string with a speed of 12ms~'. The wave is reflected at the pulley and a stationary
wave forms on the string.

Fig. 4.2 shows the string between points A and B at time t = {,.

string

B
Fig. 4.2
Attime t = t, the string has maximum displacement.
(i) Calculate the distance AB.
distanCe = ... m [2]

© UCLES 2017 9702/21/MIJI17



1
(i) On Fig. 4.2, sketch the position of the string between A and B at times
1. t=t +2.0ms (label this line P),

2. t=t +5.0ms (label this line Q).

[3]

[Total: 7]
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13
5 (a) Describe the Doppler effect.

(b) A car travels with a constant velocity along a straight road. The car horn with a frequency of
400 Hz is sounded continuously. A stationary observer on the roadside hears the sound from
the horn at a frequency of 360 Hz.

The speed of sound is 340ms™.

Determine the magnitude v, and the direction, of the velocity of the car relative to the observer.

AIrECHION e

[Total: 4]
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6 (a) Define the ohm.

(b) A cell X of electromotive force (e.m.f.) 1.5V and negligible internal resistance is connected in
series to three resistors A, B and C, as shown in Fig. 6.1.

X| 1.5V
|
| |
A
6.0Q C
 —
I
B 4.0Q
3.0Q
Fig. 6.1

Resistors A and B have resistances 6.0Q and 3.0 Q respectively and are connected in parallel.
Resistor C has resistance 4.0Q and is connected in series with the parallel combination.

Calculate

(i) the current in the circuit,

CUMTENT = oo, A[3]

(ii) the current in resistor B,

CUITENT = e A[1]

© UCLES 2017 9702/21/MIJI17
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(iii) the ratio

power dissipated in resistor B
power dissipated in resistor C

(c) The resistors A, B and C in (b) are wires of the same material and have the same length.

(i) Explain how the resistors may be made with different resistance values.

....................................................................................................................................... [1]
(i) Calculate the ratio
average drift speed of the charge carriers in resistor B
average drift speed of the charge carriers in resistor C
ratio = ..o, [2]

(d) Acell of eem.f. 1.5V and negligible internal resistance is connected in parallel with cell X in
Fig. 6.1 with their positive terminals together.

State the change, if any, to the current in

(i) cell X,

(ii) resistor C.

[Total: 12]
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7 (a) Use the quark model to show that

(i) the charge on a proton is +e,

(ii) the charge on a neutron is zero.

(b) A nucleus of 33Sr decays by the emission of a B~ particle. A nucleus of 53Cu decays by the
emission of a B* particle.

(i) In Fig. 7.1, state the nucleon number and proton number for the nucleus produced in
each of these decay processes.

nucleus formed by B~ decay | nucleus formed by * decay

nucleon number

proton number

Fig. 7.1 [1]

(i) State the name of the force responsible for B decay.

....................................................................................................................................... [1]
(iii) State the names of the leptons produced in each of the decay processes.
S (=T o= Y PSP PTPPP PP
S0 L= o= PRSPPI
[1]
[Total: 5]
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4

Answer all the questions in the spaces provided.

1 (a) State two SI base units other than kilogram, metre and second.

1 SRR PP
2SR
(1]

(b) Determine the SI base units of resistivity.
base units ..., [3]

© UCLES 2017
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(¢) (i) A wire of cross-sectional area 1.5mm? and length 2.5m has a resistance of 0.030 Q.
Calculate the resistivity of the material of the wire in nQm.

FeSIStIVILY = ..o nQm [3]

(ii) 1. State whatis meant by precision.

2. Explain why the precision in the value of the resistivity is improved by using a
micrometer screw gauge rather than a metre rule to measure the diameter of the
wire.

[Total: 9]
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2 (a) Define velocity.

............................................................................................................................................... [1]
(b) A ball of mass 0.45kg leaves the edge of a table with a horizontal velocity v, as shown in
Fig. 2.1.
ball
\!\__—___FV
path of ball
L1 11.25m
table —|
1.50m . floor
! horizontal
Fig. 2.1

The height of the table is 1.25m. The ball travels a distance of 1.50m horizontally before
hitting the floor.

Air resistance is negligible.
Calculate, for the ball,

(i) the horizontal velocity v as it leaves the table,

© UCLES 2017 9702/22/MIJI17



(ii) the velocity just as it hits the floor,

magnitude of VEIOCItY = .......cccevveiiierieieiceeee e, ms™
angle to the horizontal = ..........cccoei i °
[4]

(iii) the kinetic energy just as it hits the floor,

KINEtiC €Nergy = ......oviiiiieiiiiiie e J[2]

(iv) the loss in gravitational potential energy as it falls from the table to the floor.

loss in potential eNergy = ..o J[2]

(c) Explain why the kinetic energy of the ball in (b)(iii) does not equal the loss of gravitational
potential energy in (b)(iv).

[Total: 13]

© UCLES 2017 9702/22/M/JI17 [Turn over



8

3 The Young modulus of the material of a wire can be determined using the apparatus shown in Fig.
3.1.

clamp

wire marker on wire
C X ulle
< ||IIII|IIIIv|II| p y
[ scale S [ ¥V F
bench | |
masses
Fig. 3.1

One end of the wire is clamped at C and a marker is attached to the wire above a scale S. A force
to extend the wire is applied by attaching masses to the other end of the wire.

The reading X of the marker on the scale S is determined for different forces F applied to the end
of the wire. The variation with X of Fis shown in Fig. 3.2.

40

F/N

30

AN

20

N\

AN
\\

10

AN

0
2.0 4.0 6.0 8.0 10.0 12.0
X/mm

Fig. 3.2
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(@) The length of the wire from C to the marker for F=0 is 3.50m. The diameter of the wire is
0.38 mm.

Use the gradient of the line in Fig. 3.2 to determine the Young modulus E of the material of
the wire in TPa.

(b) The experiment is repeated with a thicker wire of the same material and length.

State how the range of the force F must be changed to obtain the same range of scale
readings as in Fig. 3.2.

[Total: 4]
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4 (a) State Newton’s first law of motion.

(b) An object A of mass 100g is moving in a straight line with a velocity of 0.60ms™" to the right.
An object B of mass 2009 is moving in the same straight line as object A with a velocity of
0.80ms™ to the left, as shown in Fig. 4.1.

A B

0.60ms™! 0.80ms™!
1009 +— <—— 2009

Fig. 4.1
Objects A and B collide. Object A then moves with a velocity of 0.40ms™" to the left.

(i) Calculate the magnitude of the velocity of B after the collision.

magnitude of VEIOCItY = ........cccoeviveeeiiecieeee e ms~1[2]
(ii) The collision between A and B is inelastic.

Explain how the collision is inelastic and still obeys the law of conservation of energy.

5 (a) Define the frequency of a sound wave.

(b) A sound wave travels through air. Describe the motion of the air particles relative to the
direction of travel of the sound wave.

© UCLES 2017 9702/22/MIJI17
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(c) The sound wave emitted from the horn of a stationary car is detected with a microphone and
displayed on a cathode-ray oscilloscope (c.r.0.), as shown in Fig. 5.1.

N
7
N
4
N
"4

N
-
N
-
N
-

_A
N~
-
N

1.0cm

1.0cm
Fig. 5.1

The y-axis setting is 5.0mVem™.
The time-base setting is 0.50mscm™.

(i) Use Fig. 5.1 to determine the frequency of the sound wave.

freQUENCY = oo Hz [2]

(ii) The horn of the car sounds continuously. Describe the changes to the trace seen on the
c.r.o. as the car travels at constant speed

1. directly towards the stationary microphone,

2. directly away from the stationary microphone.

[Total: 7]
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6 (a) Interference fringes may be observed using a light-emitting laser to illuminate a double slit.
The double slit acts as two sources of light.

Explain
(i) the part played by diffraction in the production of the fringes,

(i) the reason why a double slit is used rather than two separate sources of light.

© UCLES 2017 9702/22/MIJI17
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(b) A laser emitting light of a single wavelength is used to illuminate slits S, and S, as shown in

Fig. 6.1.

laser

light

24m

A

L -Screen

Fig. 6.1 (not to scale)

An interference pattern is observed on the screen AB. The separation of the slits is 0.48 mm.
The slits are 2.4m from AB. The distance on the screen across 16 fringes is 36 mm, as

illustrated in Fig. 6.2.

16 fringes

36 mm

Fig. 6.2

Calculate the wavelength of the light emitted by the laser.

© UCLES 2017
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(c) Two dippers D, and D, are used to produce identical waves on the surface of water, as
illustrated in Fig. 6.3.

~. P
7.2cm

11.2¢cm water

D,

Fig. 6.3 (not to scale)

Point P is 7.2cm from D, and 11.2cm from D..

The wavelength of the waves is 1.6cm. The phase difference between the waves produced
at D, and D, is zero.

(i) State and explain what is observed at P.

(i) State and explain the effect on the answer to (c)(i) if the apparatus is changed so that,
separately,

1. the phase difference between the waves at D, and at D, is 180°,

2. the intensity of the wave from D, is less than the intensity of that from D,

[Total: 10]
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7 (a) Define electromotive force (e.m.f.) of a cell.

(b) Acell Cof e.m.f. 1.50V and internal resistance 0.200 (2 is connected in series with resistors X
and Y, as shown in Fig. 7.1.

........... C

I 1,50V
N R
A 0.2000! B

Fig. 7.1
The resistance of X is constant and the resistance of Y can be varied.
(i) The resistance of Y is varied from 0 to 8.00 Q.

State and explain the variation in the potential difference (p.d.) between points A and B
(terminal p.d. across C). Numerical values are not required.

....................................................................................................................................... [3]
(ii) The resistance of Y is set at 6.00Q. The current in the circuit is 0.180A.
Calculate
1. the resistance of X,
resistance = .....cccccii Q[2]

© UCLES 2017 9702/22/M/JI17 [Turn over
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2. the p.d. between points A and B,

3. the efficiency of the cell.

efficienCy = ..o 2]

[Total: 10]

8 (a) Describe two differences between the decay of a nucleus that emits a = particle and the
decay of a nucleus that emits a B* particle.

(b) In a simple quark model there are three types of quark. State the composition of the proton
and of the neutron in terms of these three quarks.

1121011 (0]

(1]

[Total: 3]
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4
Answer all the questions in the spaces provided.

1 (a) Two forces, with magnitudes 5.0N and 12N, act from the same point on an object.
Calculate the magnitude of the resultant force R for the forces acting

(i) in opposite directions,

(ii) at right angles to each other.

(b) An object X rests on a smooth horizontal surface. Two horizontal forces act on X as shown in
Fig. 1.1.

18N

115°

!
X 55N

Fig. 1.1 (not to scale)

A force of 55N is applied to the right. A force of 18N is applied at an angle of 115° to the
direction of the 55N force.
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(i) Use the resolution of forces or a scale diagram to show that the magnitude of the resultant
force acting on X is 65N.

2]

(ii) Determine the angle between the resultant force and the 55N force.

(c) Athird force of 80N is now applied to X in the opposite direction to the resultant force in (b).
The mass of X is 2.7 kg.

Calculate the magnitude of the acceleration of X.

acCeleration = ......c.ccoeveeeeeeeeeeee e ms2 [3]

[Total: 9]
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2 (a) State Newton’s second law of motion.

(b) A constant resultant force F acts on an object A. The variation with time t of the velocity v for
the motion of A is shown in Fig. 2.1.

9.0
/
v/ims™ 7
4
8.0
/
I/'
7
7.0 A
J
/
7
6.0 A
/V
yd
/
5.0
%
/
7
4.0
0 1.0 2.0 3.0 4.0
t/s
Fig. 2.1
The mass of Ais 84049.
Calculate, for the time t=0to t=4.0s,
(i) the change in momentum of A,
change in MoOMeNtUM = .......cccccviiiiiiiiiieee e, kgms™ [2]
(ii) the force F.
F oo N [1]
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(c) The force Fis removed at t = 4.0s. Object A continues at constant velocity before colliding
with an object B, as illustrated in Fig. 2.2.

A

840g

7309

Fig. 2.2

Object B is initially at rest. The mass of B is 730g.
The objects A and B join together and have a velocity of 4.7ms™.

at rest

(i) By calculation, show that the changes in momentum of A and of B during the collision are

equal and opposite.

(2]

(i) Explain how the answers obtained in (i) support Newton’s third law.

© UCLES 2017

9702/23/M/IJI17

[Total: 9]
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3 (a) Define electric field strength.

(b) An electron is accelerated from point A to point B by a uniform electric field, as illustrated in
Fig. 3.1.

electric field

A electron
o—p

[ Yus!

N NNNANAN

Fig. 3.1

The distance between A and B is 12mm. The velocity of the electron at A is 2.5kms™! and at
Bis 18Mms™.

Calculate

(i) the acceleration of the electron,

acceleration = .........coceeeeeeeeeeeeee e ms2 [2]

(i) the change in kinetic energy of the electron,

change in Kinetic energy = .......cccuvviiiiiiiiini e J [3]
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(iii) the electric field strength.

electric field strength = ........ccoocoveveeeeeeeecee e Vm[3]
(¢) An a-particle moves from A to B in the electric field in (b).

Describe and explain how the change in the kinetic energy of the a-particle compares with
that of the electron. Numerical values are not required.

[Total: 12]
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4 Aspring is supported so that it hangs vertically, as shown in Fig. 4.1.

7

spring

mass M

Fig. 4.1

Different masses are attached to the lower end of the spring. The extension x of the spring is
measured for each mass M. The variation with x of M is shown in Fig. 4.2.

150
M/g P
100
50
|
0
0 40 80 120 160 200

x/mm

Fig. 4.2
(a) State and explain whether the spring obeys Hooke’s law.

............................................................................................................................................... [1]
(b) State the form of energy stored in the spring due to the addition of the masses.

............................................................................................................................................... [1]
(c) Describe how to determine whether the extension of the spring is elastic.

............................................................................................................................................... [1]
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(d) Calculate the work done on the spring as it is extended from x = 40.0mm to x = 160 mm.

WOrK dONe = ..o, J [3]

[Total: 6]
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5 (a) Adiffraction grating is used to determine the wavelength of light.

(i) Describe the diffraction of light at a diffraction grating.

....................................................................................................................................... [2]
(ii) By reference to interference, explain
1. the zero order maximum,
2. the first order maximum.
[3]

(b) A diffraction grating is used with different wavelengths of light. The angle 6 of the second
order maximum is measured for each wavelength. The variation with wavelength A of sin @ is
shown in Fig. 5.1.

0.60

sin@

0.50

0.40 =

0.30 il

0.20

0.10
300 350 400 450 500 550
A/nm

Fig. 5.1
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(i) Determine the gradient of the line shown in Fig. 5.1.

gradient = ....oooiiiii [2]

(ii) Use the gradient determined in (i) to calculate the slit separation d of the diffraction
grating.

A= e m [2]

(iii) On Fig. 5.1, sketch a line to show the results that would be obtained for the first order
maxima. (1]
[Total: 10]
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6 (a) Describe the I-V characteristic of

(i) a metallic conductor at constant temperature,

(b) Two identical filament lamps are connected in series and then in parallel to a battery of
electromotive force (e.m.f.) 12V and negligible internal resistance, as shown in Fig. 6.1a and
Fig. 6.1b.

12V 12V

- — - —
X

LR—® o

Fig. 6.1a Fig. 6.1b

The I-V characteristic of each lamp is shown in Fig. 6.2.

6.0
I/A
4.0 —
2.0 =
///
0
0 2.0 4.0 6.0 8.0 10.0 12.0
VIV
Fig. 6.2
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(i) Use the information shown in Fig. 6.2 to determine the current through the battery in

1. the circuit of Fig. 6.1a,

CUITENT = e e A

2. the circuit of Fig. 6.1b.
CUITENT = e A
(3]

(i) Calculate the total resistance in

1. the circuit of Fig. 6.1a,
resiStanCe = ..o, Q

2. the circuit of Fig. 6.1Db.
resistanCe = ..., Q
(3]

(iii) Calculate the ratio

power dissipated in a lamp in the circuit of Fig. 6.1a
power dissipated in a lamp in the circuit of Fig. 6.1b "

[Total: 11]
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7 (a) The following particles are used to describe the structure of an atom.
electron neutron proton quark
Underline the fundamental particles in the above list. [1]

(b) '[I3'he fgllqwing equation represents the decay of a nucleus of SQCO to form nucleus Q by
~emission.

60 A -
57Co — 5Q + B~ + x

(i) Complete Fig. 7.1.

value

Fig. 7.1
(1]

(ii) State the name of the particle x.

[Total: 3]
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