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Chapter 9

Superposition

9.1 Stationary waves
880. 9702_m20_qgp_12 Q: 26

A musical instrument is made using a long tube with a mouthpiece at one end. The other end is
open and flared, as shown.

-

7

A musician maintains stationary sound waves with a node at the mouthpiece and an antinode at
the other end. The lowest frequency of sound that the instrument can produce is 92 Hz.

Which different frequencies of sound can be produced by the instrument?
A 92Hz, 138Hz, 184 Hz, 230Hz

B 92Hz, 184Hz, 276 Hz, 368 Hz

C 92Hz, 276 Hz, 460Hz, 644 Hz

D 92Hz 276Hz, 828Hz, 1288 Hz
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881. 9702_s20_qp_11 Q: 27

The diagram shows a string stretched between fixed points X and Y. There is a stationary wave
on the string.

The solid curve shows the string at a position of maximum displacement. The dashed curve
shows the other position of maximum displacement. The straight central dashed line shows the
mean position of the string. Point S on the string is directly above point P. Point T on the string is
directly below Q.

Which statement is correct?

A A short time later, point R on the string will be displaced.
B Points S and T on the string move in opposite directions.
C The distance between P and Q is one wavelength.
D

Two points on the string that are equal distances from peint R vibrate in phase.

882. 9702_s20_qp_12 Q: 24

The diagram shows an experiment to produce a stationary wave in an air column. A tuning fork,
placed above the column, vibrates and produces a sound wave. The length of the air column can
be varied by altering the volume of the water in the tube.

tuning fork ——C

| _-air column

| water

tap

——T

The tube is filled and then water is allowed to run out of it. The first two stationary waves occur
when the air column lengths are 0.14m and 0.42m.

What is the wavelength of the sound wave?

A 014m B 0.28m C 042m D 0.56m
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883. 9702_s20_qp_12 Q: 27

Two progressive waves meet at a point.

Which condition must be met for superposition of the waves to occur?
A The waves must be coherent.

B The waves must be of the same type.

C The waves must be travelling in opposite directions.

D

The waves must meet in phase.

884. 9702_s20_qp_13 Q: 27

A vertical tube is partially filled with water. A sound wave moves down the tube and is reflected

by the surface of the water. The frequency of the sound wave is gradually increased from zero
until a much louder sound is heard.

sound

|

tube
\

water
/

Water is then removed from the tube until a second louder sound is heard.

Which diagram shows the new pattern of the stationary wave that is formed?

A B Cc D

~—

~— -
~
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885. 9702_mi19_qp_12 Q: 27

P and Q are fixed points at the end of a string. A transverse stationary wave of constant
maximum amplitude is formed on the string.

P S R T Q

P, R and Q are the only points on the string where nodes are formed. S and T are two points on
the string at a distance x from R.

What is the relationship between points S and T?

A the same amplitude and in phase

B different amplitudes and in phase

C the same amplitude and a phase difference of 180°
D

different amplitudes and a phase difference of 180°
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886. 9702_mi19_qp_12 Q: 28

Two identical loudspeakers are connected in series to an a.c. supply, as shown.

o
a.c. supply ~.
0

A microphone is moved along the line PQ.

Which graph best shows the variation with distance from P of the intensity of the sound detected

by the microphone?

A
intensity
04
P
distance
C
intensity
0+
P

distance

speaker

speaker

P

Q

B
intensity
0 I |
P
distance
D
intensity
0 ™™
P Q
distance
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887. 9702_s19_qp_13 Q: 26

An elastic string is attached to an oscillator at one end and clamped at the other end so that the
string is horizontal and in tension.

The oscillator is made to oscillate vertically. The frequency of oscillation is gradually increased
from zero until a stationary wave is set up in the string. The frequency is then increased further to
frequency f, when a second stationary wave is set up in the string.

The frequency is then increased further.

At which frequency does a third stationary wave occur?

A 1.2f B 1.5f C 20f D 3.0

888. 9702_wi19_qp_11 Q: 23

Source S emits microwaves with a constant amplitude. The microwaves hit a metal screen P and
are reflected. A stationary wave is formed between S and P. The wavelength of the microwaves
is much smaller than the distance between S and P.

A detector Q is moved at a slow, constant speed from S to P.

What happens to the amplitude of the signal detected by Q?
A decreases steadily

B increases and decreases regularly

C increases steadily
D

remains constant
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889. 9702_wil9_qp_11 Q: 26

Two wave pulses are travelling towards each other on a long rope. The pulses have the same
amplitude and wavelength and are travelling at a speed of 0.50ms™". The diagram shows the
rope at time t= 0.

0.50ms1 0.50ms™
—_ -—
" 4.0 \%5 \9/.0 "55 60 65 7.0 \j.s \9/.0 '

distance/m

Which diagram shows the rope at time = 3.0s7

A

NNNN /\/\/\
5.0 \9’.5 \9(0 \9(5 \j.o 75 5.0 5.‘&/ 6} GW 70 75

distance/m distance/m

50 55 |60 |65 70 75 50 55 60 65 70 75

distance/m distance/m
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890. 9702_wi19_qp_12 Q: 25

A transmitter of electromagnetic waves is placed 45 cm from a reflective surface.

| __reflective surface
transmitter

=y

-%

\

45cm

The emitted waves have a frequency of 1.00 GHz. A stationary wave is produced with a hode 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 c 3 D 4

891. 9702_w19_qp_13 Q: 26

In an experiment to demonstrate a stationary wave, two microwave transmitters, emitting waves
of wavelength 4 cm, are set facing each other, as shown.

transmitter transmitter

K P

detector

A detector is moved along a straight line between the transmitters. It detects positions of
maximum and minimum signal. The detector is a distance d from the left-hand transmitter.

Assume that both transmitters are at antinodes of the stationary wave.

Which row gives a value of d for a maximum and for a minimum?

value of d for value of d for
a maximum/cm a minimum/cm
A 46 48
B 47 48
c 48 47
D 49 47
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892. 9702_wi19_qp_13 Q: 28

The diagram shows a sketch of a wave pattern over a short period of time.

Which description of this wave is correct?

A The wave is longitudinal, has a wavelength of 20cm and is stationary.
B The wave is transverse, has a wavelength of 20cm and is stationary.
C The wave is transverse, has a wavelength of 40cm and is progressive.
D

The wave is transverse, has a wavelength of 40cm and is stationary.

893. 9702_mi18_qp_12 Q: 28

A tube of length L is open at both ends. A stationary wave is set up in this tube when a tuning fork
vibrating with frequency £, is held at one end. This is the lowest frequency of staticnary wave that
can be formed in this tube.

Another tube of length 2L is closed at one end. A stationary wave is set up in this tube when a

tuning fork vibrating with frequency f, is held at the open end. This is the lowest frequency of
stationary wave that can be formed in this tube.
h frequency f,

h frequency f,

2L

Y

Assume the end correction for each tube is negligible.

Which equation is correct?

A f=h B fi=0

; 2 C f=2f D f=4f
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894. 9702_s18_qp_11 Q: 27

CHAPTER 9. SUPERPOSITION

A pipe, closed at one end, has a loudspeaker at the open end. A stationary sound wave is formed
in the air within the pipe with an antinode at the open end of the pipe.

Ioudspeaker\E<

The length of the pipe is 0.85m.

The speed of sound in air is 340ms™".

| pipe

Which frequency of sound from the loudspeaker would not produce a stationary wave?

A 100Hz

B 200Hz

C 300Hz

D 500Hz

895. 9702_s18_qp_12 Q: 24

A string is fixed at one end and the other end is attached to a vibrator. The frequency of the
vibrator is slowly increased from zero. A series of stationary waves is formed. Assume that for a

stationary wave there is a node at point P.

Y

string

I

vibrator

A

g

L

Y

fixed

What are the first five wavelengths of the stationary waves that could be formed?
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896. 9702_s18_qp_12 Q: 28

The diagram shows a stationary wave, at time { = 0, that has been set up on a string fixed
between points P and S.

/
1 x Y 7
roy e RS
v
The nodes of the stationary wave occur on the string at P, Q, R and S. Point X is moving down at
time t = 0. The points on the string vibrate with time period T and maximum amplitude 2cm.

The displacement s is positive in the upward direction.

Which graph best shows the variation with f of the displacement s of point Y on the string?

A B
21 21
s/cm s/cm
0 > 0 -
0 T t 0 T
2 2
_2_ _2_
C D
21 21
s/ecm s/cm
0 I > 0 Y =
0 T 0 T
2 2
_2— _2_

897. 9702_w18_gp_11 Q: 26
What may be used to produce stationary waves?
A blowing air over the top of an empty bottle
B making a loud sound near a mountain
C passing monochromatic light through a double slit
D

passing water waves through a narrow slit
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898. 9702_wi8_qp_12 Q: 24

The sound from a loudspeaker placed above a tube causes resonance of the air in the tube.

A stationary wave is formed with two nodes and two antinodes as shown.

k loudspeaker

60cm

L/

The speed of sound in the air is 340ms™".

What is the frequency of the sound?

A 430Hz B 570Hz C 850Hz D 1700Hz

899. 9702_wil8_qp_12 Q: 27

Progressive sound waves of wavelength 20cm enter the air columns in a closed pipe P and an
open pipe Q. The lengths of the pipes are shown.

P Q
B -+
35cm 50cm

In which pipe or pipes are stationary waves formed?
A PandQ

B Ponly
C Qonly
D

neither P nor Q
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900. 9702_wi18_qp_13 Q: 26

The diagram shows a stationary wave on a string. The stationary wave has three nodes Ny, N3

and Ns.

Which statement is correct?

A All points on the string vibrate in phase.

B All points on the string vibrate with the same amplitude.

C Points equidistant from N, vibrate with the same frequency and in phase.
D

Points equidistant from N; vibrate with the same frequency and the same amplitude.

901. 9702_ml17_qp_12 Q: 27

A progressive wave is incident normally on a flat reflector. The reflected wave overlaps with the
incident wave and a stationary wave is formed.

displacement of the incident wave
displacement of the reflected wave

A - B O Cc 1 D 2

At an antinode, what could be the ratio

at any instant?

902. 9702_s17_qgp_11 Q: 27

The diagram shows a steel wire clamped at one end. The other end is attached to a weight
hanging over a pulley.

weight

[ 1 1

| /

fixed stand  vibrator fixed support ‘

A vibrator is attached to the wire near the clamped end. A stationary wave with one loop is
produced. The frequency of the vibrator is f.

Which frequency should be used to produce a stationary wave with two loops?

A I B I c of D 4f
4 2
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903. 9702_s17_qp_12 Q: 27

CHAPTER 9. SUPERPOSITION

Which row describes the oscillations of two moving particles in a stationary wave that are

separated by a distance of half a wavelength?

difr;g?;r?ce amplitude
A o0° different
B 90° same
c 180° different
D 180° same

904. 9702_s17_qp_13 Q: 26

A pipe of length 100cm is open at both ends.
emit sound of different wavelengths.

Ioudspeaker\E(

A loudspeaker situated at one end of the pipe can

100cm

A

\

pipe

At which wavelength can a stationary wave be produced in the pipe?

A 50cm B 75cm

150cm D 300cm
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905. 9702_wil7_qp_11 Q: 23

A loudspeaker emits a sound wave into a tube initially full of water.

Ioudspeakerﬁk

tube —_| y

water—_|

tap

A tap at the bottom of the tube is opened so that water slowly leaves the tube. For some lengths
of the air column in the tube, the sound heard is much louder.

The first loud sound is heard when the air column in the tube has length x.
The next time that a loud sound is heard is when the air column in the tube has length y.
What is the wavelength of the sound wave from the loudspeaker?

A 2x B 4y C 2(y-x) D 4(y—x)
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906. 9702_wil7_qp_11 Q: 27

Two signals approach each other, as shown.

I

—— -

At one instant, the signals completely overlap.

According to the principle of superposition, what is the shape of the resulting signal at this

instant?
A c D
A stationary sound wave has a series of nodes. The distance between the first and the sixth node

907. 9702_wi7_gp_12 Q: 27
is 30.0cm.

What is the wavelength of the sound wave?

A 50cm B 6.0cm C 10.0cm D 12.0cm

908. 9702_m16_qp_12 Q: 24

The diagram represents the pattern of stationary waves formed by the superposition of sound
waves from a loudspeaker and their reflection from a metal sheet (not shown).

IS e e -

W, X, Y and Z are four points on the line through the centre of these waves.

Which statement about these stationary waves is correct?

A An antinode is formed at the surface of the metal sheet.

B A nodeis a quarter of a wavelength from an adjacent antinode.
C The oscillations at X are in phase with those at Y.
D

The air particles oscillate perpendicular to the line WZ.



https://stemup.co.uk

9.1. STATIONARY WAVES

909. 9702_mi16_qp_12 Q: 25

433

A musical instrument called a bugle is a long tube with a mouthpiece at one end. The other end is
open and flared, as shown.

A musician maintains stationary sound waves with a node at the mouthpiece and an antinode at
the other end. The lowest frequency of sound that the bugle can produce is 92Hz.

Which different frequencies of sound can be produced by the bugle?

A

B
Cc
D

92Hz, 138Hz, 184 Hz, 230 Hz, 276 Hz
92Hz, 184 Hz, 276 Hz, 368 Hz, 460 Hz
92Hz, 276 Hz, 460 Hz, 644 Hz, 828 Hz
92Hz, 276 Hz, 828 Hz, 2484 Hz, 7452 Hz

910. 9702_s16_qp_11 Q: 24

Which statement concerning a stationary wave is correct?

A All the particles between two successive nodes oscillate in phase.

B
c
D

The amplitude of the stationary wave is equal to the amplitude of one of the waves creating it.

The wavelength of the stationary wave is equal to the separation of two adjacent nodes.

There is no displacement of a particle at an antinode at any time.
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911. 9702_wil6_qp_11 Q: 24

The diagram shows an experiment to produce a stationary wave in an air column. A tuning fork,
placed above the column, vibrates and produces a sound wave. The length of the air column can
be varied by altering the volume of the water in the tube.

tuning fork ——C

| _—air column

e water

| tap

The tube is filled and then water is allowed to run out of it. The first two stationary waves occur
when the air column lengths are 0.14 m and 0.42m.

What is the wavelength of the sound wave?

A 014m B 0.28m C 042m D 0.56m

912. 9702_wl6_qp_11 Q: 28

The diagram shows a long rope fixed at one end. The other end is moved up and down, setting
up a stationary wave.

- ~~

- ~.

vibration
up and
down

. fixed
end

_____

What is the phase difference between the oscillations at X and at Y?
A 0 B 45° C 90° D 135°
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913. 9702_wil6_qp_12 Q: 26

A stationary wave is formed on a stretched string. The diagram illustrates the string at an instant
of time when the displacement of the string is at its maximum.

- fixed

fixed 7 :
point

point

The frequency of the wave is 250Hz. Point P on the string has a vertical displacement of —1.0 mm.

What will be the vertical displacement of the point P after a time of 5ms?

A —-1.0mm B ~zero C +0.5mm D +1.0mm

914. 9702_wil6_qp_12 Q: 29

A microwave transmitter is placed at a fixed distance from a flat reflecting surface, as shown.

movement
of detector
- .
S Y reflecting
? surface
microwave microwave
transmitter detector

A microwave detector is moved steadily in a straight line from X to Y. A series of maxima and
minima of intensity is obtained. The distance between adjacent maxima is 1.5¢cm.

What is the frequency of the microwave radiation?
A 1.0x10°Hz
B 20x10%Hz
C 1.0x10"Hz
D 20x10"Hz
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915. 9702_wil6_qp_13 Q: 24

The diagram shows an experiment to produce a stationary wave in an air column. A tuning fork,
placed above the column, vibrates and produces a sound wave. The length of the air column can
be varied by altering the volume of the water in the tube.

tuning fork ——C

| _—air column

e water

| tap

The tube is filled and then water is allowed to run out of it. The first two stationary waves occur
when the air column lengths are 0.14 m and 0.42m.

What is the wavelength of the sound wave?

A 014m B 0.28m C 042m D 0.56m

916. 9702_wl6_qp_13 Q: 28

The diagram shows a long rope fixed at one end. The other end is moved up and down, setting
up a stationary wave.

- =~

- -~

vibration
up and
down

. fixed
end

-----

What is the phase difference between the oscillations at X and at Y?
A 0 B 45° Cc 90° D 135°
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917. 9702_s15_qp_11 Q: 29

A loudspeaker emitting sound of frequency fis placed at the open end of a pipe of length I which
is closed at the other end. A standing wave is set up in the pipe.

Ioudspeaker\E(

A series of pipes are then set up with either one or two loudspeakers of frequency f. The pairs of
loudspeakers vibrate in phase with each other.

l

-
%

Y

Which pipe contains a standing wave?

~

l

A

-
<

A
\

21

A
Y

21

A
Y
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918. 9702_s15_qp_12 Q: 27

Source S emits microwaves with a constant amplitude. The microwaves hit a metal screen P and
are reflected. A stationary wave is formed between S and P. The wavelength of the microwaves
is much smaller than the distance between S and P.

A detector Q is moved at a slow, constant speed from S to P.

What happens to the amplitude of the signal detected by Q?
A decreases steadily

B increases and decreases regularly

C increases steadily
D

remains constant

919. 9702_s15_qp_13 Q: 27

The table contains statements about stationary and progressive waves.

Which row is correct?

stationary wave progressive wave
A all particles vibrate all particles vibrate
with the same amplitude with the same amplitude
B energy is transferred energy is transferred
along the wave along the wave
C particles in adjacent particles vibrate in phase
loops vibrate in antiphase with their immediate neighbours
D particles one wavelength particles one wavelength
apart vibrate in phase apart vibrate in phase
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9.2 Diffraction
920. 9702_m20_qp_12 Q: 27

A water wave passes through a gap between two barriers. The wavefronts spread out as shown.

wavefronts
|
direction |
of travel =
of wave
I\barrier

What is the name of this phenomenon?
A coherence

B diffraction

C interference
D

superposition

921. 9702_s20_gp_11 Q: 28
Which statement must be true for diffraction to occur when a wave passes through a gap?
A The wave is able to travel in a vacuum.
B The wave is progressive.
C The wave has a large amplitude.
D

The wave has a long wavelength.
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922. 9702_s20_qp_12 Q: 28

A hill separates a television (TV) transmitter from a house. The transmitter cannot be seen from
the house. However, the house has good TV reception.

hill

11 BT
aans

TV transmitter house

By which wave effect at the hill could the TV signal reach the house?
A coherence

B diffraction

C interference
D

reflection

923. 9702_s20_qp_13 Q: 28

Water waves in a ripple tank are made to pass through a small gap as shown.
Which diagram shows the waves after they have passed through the gap?

A B

"
L
A
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924. 9702_s19_qp_11 Q: 28

The diagrams show the diffraction of water waves in a ripple tank as they pass through a gap
between two barriers.

Which diagram is correct?

A B

) Al

—
~~

] ——
N~
] —I
—

925. 9702_s19_qp_13 Q: 27

In an experiment, water waves in a ripple tank are incident on a gap, as shown.

i

Some diffraction of the water waves is observed.

Which change to the experiment would provide a better demonstration of diffraction?
A Increase the amplitude of the waves.
B Increase the frequency of the waves.
C Increase the wavelength of the waves.
D

Increase the width of the gap.
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926. 9702_wi19_qp_11 Q: 27

CHAPTER 9. SUPERPOSITION

Water waves of wavelength A are incident normally on an obstacle with a narrow gap. The width
of the gap is equal to A. The waves from the gap emerge over an angle #as shown.

incident
water waves

The gap is slowly widened.

diffracted
water waves

Which changes, if any, occur to 8and to the wavelength of the emerging waves?

remains the same

o 0O w r

remains the same

7] wavelength
decreases remains the same
increases remains the same

decreases

increases
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927. 9702_wi19_qp_13 Q: 29

The double-slit experiment demonstrates interference between two coherent sources of light
waves. In the diagram, the curved lines represent wavefronts.

At which peint does complete destructive interference (a minimum) occur?

single slit

double slit

928. 9702_m18_gp_12 Q: 29
Which statement gives a condition that enables diffraction to occur?
A A source of waves moves towards a stationary observer.
B A wave is partially blocked by an obstacle.
C Two coherent waves are superposed.
D

Two waves of equal speed and frequency are travelling through the same part of a medium
in opposite directions.

929. 9702_s18_qp_13 Q: 25
A water wave in a ripple tank is diffracted as it passes through a gap in a barrier.
Which two factors affect the angle of diffraction of the wave?

A the amplitude and frequency of the incident wave

B the amplitude of the incident wave and the width of the gap
C the wavelength and amplitude of the incident wave
D

the wavelength of the incident wave and the width of the gap
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930. 9702_w18_qp_11 Q: 27

What is an example of the diffraction of a wave?

A laser light travelling along an optic fibre

B light waves forming images on a cinema screen
C microwaves passing the edge of a metal plate
D

sound waves diverging as they pass through air

931. 9702_w18_qp_12 Q: 28
What happens when waves pass through a gap equal to their wavelength?
A There is diffraction and the wavelength decreases.
B There is diffraction and the wavelength stays the same.
C There is no diffraction and the wavelength decreases.
D

There is no diffraction and the wavelength stays the same.

932. 9702_w18_gp_13 Q: 27

In which situation does diffraction occur?

A A wave bounces back from a surface.

B A wave passes from one medium into another.
C A wave passes through an aperture.
D

Waves from two identical sources are superposed.
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933. 9702_m17_qp_12 Q: 28
A monochromatic plane wave of speed ¢ and wavelength A is diffracted at a small aperture.

The diagram illustrates successive wavefronts.

G

H

After what time will some portion of the wavefront GH reach point P?

34 B 22 c 34 p 44
2c c c c

934. 9702_wl7_qp_11 Q: 24

Diffraction can be observed when a wave passes an obstruction. The diffraction effect is greatest
when the wavelength and the obstruction are similar in size.

For waves travelling through air, what is the combination of wave and obstruction that could best
demonstrate diffraction?

A microwaves passing a steel post
B radio waves passing a copper wire
C sound waves passing a human hair

D Vvisible light waves passing a gate post
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935. 9702_wil7_qp_11 Q: 29

A bar vibrates with frequency f to produce water waves in a ripple tank.

bar vibrating

with frequency f H ) >
T

barrier with
gap of width x

The waves pass through a gap of width x in a barrier so that diffraction occurs.

Which combination of vibration frequency and gap width will produce the smallest angle of
diffraction?

vibration .
frequency gap width
f X
A L n
2 2
f
B - 2
2 X
c 2f X
2
D 2f 2x
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936. 9702_wl7_qp_12 Q: 28

Which diagram shows the diffraction of water waves in a ripple tank?

A B

oI il

j— ] —
—

Sl

937. 9702_wl7_qp_12 Q: 29

—-——
j—
RS
P

A hill stands between a radio transmitter and a house, as shown.

hill
oo m Y
o o

house radio transmitter

The radio transmitter cannot be seen from the house, but radio waves from the transmitter are
received at the house.

Why is this?

A The wavelength of light is longer than the wavelength of radio waves so there is more
diffraction of light over the hill.

B The wavelength of light is shorter than the wavelength of radio waves so there is more
diffraction of light over the hill.

C The wavelength of radio waves is longer than the wavelength of light so there is more
diffraction of radio waves over the hill.

D The wavelength of radio waves is shorter than the wavelength of light so there is more
diffraction of radio waves over the hill.
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938. 9702_mi16_qp_12 Q: 23

D

iffraction is a term used to describe one aspect of wave behaviour.

What does diffraction make possible?

A

B
c
D

the ability to hear around corners
the ability to hear high frequency and low frequency sound waves
the ability to hear loud and quiet sounds

the ability to hear sound through a brick wall

939. 9702_s16_qp_11 Q: 25

Continuous water waves are diffracted through a gap in a barrier in a ripple tank.

Which change will cause the diffraction of the waves to increase?

A
B
c
D

increasing the frequency of the waves
increasing the width of the gap
reducing the wavelength of the waves

reducing the width of the gap

940. 9702_s16_qp_12 Q: 26

Which statement is an example of the diffraction of light?

A the addition of the amplitudes of two beams of light which are in phase
B the change in direction of a beam of light when passing from air into water
C the separation of a beam of white light into a spectrum of colours using a prism
D the spreading of a beam of light as it passes through a small hole
941. 9702_s15_gp_13 Q: 28

Which electromagnetic wave would cause the most significant diffraction effect for an atomic
lattice of spacing around 107'°m?

A
B
Cc

infra-red
microwave
ultraviolet

X-ray
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9.3 Interference, twosource interference
942. 9702_m20_qp_12 Q: 28

The table shows four possible combinations of values for the laser wavelength, slit separation
and slit-screen distance in a two-slit interference experiment to show the interference of visible
light on a white screen.

Which combination will result in visible fringes being observed?

laser wavelength slit separation slit-screen

/nm /mm distance/m
A 200 0.10 5.0
B 200 100 1.0
C 600 0.10 5.0
D 600 100 1.0

943. 9702_s20_qp_11 Q: 29

Light of a single wavelength is incident normally on two slits that are 0.20 mm apart. Interference
fringes are observed on a screen that is 5.4m away from the slits. The distance between
successive bright fringes is 12 mm.

What is the wavelength of the light?
A 440nm B 540nm C 650nm D 900nm
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944. 9702_s20_qp_12 Q: 29

The diagram shows an arrangement for demonstrating two-source interference using coherent
light of a single wavelength A.

P  second bright fringe
first bright fringe

* Q central bright fringe
light of Y
wavelength 1 B 30m - NOT TO
- - SCALE
slits
screen

An interference pattern is observed on a screen 3.0m away from the slits X and Y, which have a
separation of 1.0 mm.

The central bright fringe is at Q, and the second bright fringe from the centre is at P.
What is the distance between Q and P?

A 6.0x10°2

B 3.0x10°2

C 6.7x10%1

D 33x107%4

945. 9702_s20_qp_13 Q: 29
A double-slit interference experiment is set up using green light.

A pattern of interference fringes is formed on a screen.

Which single change will increase the separation of the fringes?
A increase the width of each slit

B move the screen nearer to the double slit

C use slits that are further apart
D

use red light instead of green light
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946. 9702_s19_qp_11 Q: 29

A double-slit interference experiment is set up as shown.

*

red
light
source
single double screen
slit slit
not to scale

Fringes are formed on the screen. The distance between successive bright fringes is found to be
4 mm.

Two changes are then made to the experimental arrangement. The double slit is replaced by
another double slit which has half the spacing. The screen is moved so that its distance from the
double slit is twice as great.

What is now the distance between successive bright fringes?

A 1mm B 4mm C 8mm D 16mm

947. 9702_s19_qp_12 Q: 30

Why can an observable interference pattern never be obtained between two monochromatic
beams of light from different lamps?

A The frequency of the light from the two lamps can never be the same.

B The light from the two lamps can never be coherent.

C The temperature of the flaments of the two lamps used can never be the same.
D

The wavelength of the light from the two lamps must always be different.
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948. 9702_s19_qp_12 Q: 31

A student sets up apparatus to observe the double-slit interference of monochromatic light, as
shown.

monochromatic
light

_—

double slit
screen

Interference fringes are formed on the screen.

Which change would increase the distance between adjacent fringes?
A Decrease the distance between the two slits.

B Decrease the width of each slit.

C Move the screen closer to the double slit.

D

Use light of a higher frequency.

949. 9702_s19_qp_13 Q: 28

Light of wavelength A is emitted from two point sources R and S and falls onto a distant screen.

screen
Re
P
Se
s

(not to scale)
At point P on the screen, the light intensity is zero.
What could explain the zero intensity at P?
A Light from the two sources is emitted 180° out of phase and the path difference to P is J 4.

B Light from the two sources is emitted in phase and the path difference to P is A.
C Light from the two sources is emitted 20° out of phase and the path difference to P is A.
D

Light from the two sources is emitted in phase and the path difference to P is 1 1.
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950. 9702_s19_qp_13 Q: 29

Apparatus is arranged to show double-slit interference using monochromatic light. The slit
separation is 0.10mm. The distance from the double slit to the screen where the interference
pattern is observed is 2.4 m and the fringe width is 12mm.

The distance to the screen is now changed to 1.8 m and the slit separation is doubled.

What is the new fringe width?

A 1.5mm B 45mm C 6.0mm D 9.0mm

951. 9702_w19_qp_12 Q: 27

An outdoor concert has two large speakers beside the stage for broadcasting music.

In order to test the speakers, they are made to emit sound of the same wavelength and the same
amplitude.

The curved lines in the diagram represent wavefronts.

Where is the loudest sound heard?

S
7N
/53RN

”f‘@‘:\
~ 7

speakers

stage

952. 9702_mi18_qp_12 Q: 26

In a double-slit interference experiment, light of frequency 6.0 x 10" Hz is incident on a pair of
slits. Bright fringes that are 3.0 mm apart are observed on a screen some distance away.

What is the separation of the bright fringes when the frequency of the light is changed to
5.0 x 10" Hz?

A 1.8mm B 25mm C 3.0mm D 3.6mm
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953. 9702_mi18_qp_12 Q: 27

Monochromatic light is incident on a pair of narrow slits a distance of 0.1mm apart. A series of
bright and dark fringes are observed on a screen a distance of 2.0m away. The distance between
adjacent bright fringes is 8.0 mm.

screen
monochromatic | —second order dark fringe
light . |___—'zero’ order bright fringe

,,,},\distance between
20m bright fringes = 8.0mm

(not to scale)

What is the path difference between the light waves from the two slits that meet at the second
order dark fringe?

A 20x10"m
B 40x107m
C 60x10"m
D 80x10"m

954. 9702_s18_qp_11 Q: 25

A teacher sets up the apparatus shown to demonstrate a double-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 q

B
C decreasing the distance r
D

decreasing the wavelength of the light
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955. 9702_s18_qp_11 Q: 26

The diagram shows two sources of waves S; and S,. The sources oscillate with a phase
difference of 180°.

S S,

HC)

5cm
13cm

\j
=]

The sources each generate a wave of wavelength 2.0 cm. Each source produces a wave that has
amplitude xg when it reaches point P.

What is the amplitude of the oscillation at P?

Xo
2

A 0 B C Xo D 2Xo

956. 9702_s18_qp_12 Q: 29

A two-source interference experiment uses the apparatus shown.

lamp

single double screen
slit slit

What is the main purpose of the single slit?

A to make a narrow beam of light

B to make the same amplitude of light incident on each slit
C to provide coherent light
D

to provide monochromatic light
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957. 9702_s18_qp_13 Q: 26

A double-slit interference pattern using red light of wavelength 7.0 x 107 m has a fringe spacing
of 3.5mm.

Which fringe spacing would be observed for the same arrangement of apparatus but using blue
light of wavelength 4.5 x 107" m?

A 23mm B 35mm (o] 54mm D 9.0mm

958. 9702_wi18_qp_11 Q: 28

When the light from two lamps falls on a screen, no interference pattern can be obtained.

Why is this?

A

B
c
D

The lamps are not point sources.
The lamps emit light of different amplitudes.
The light from the lamps is not coherent.

The light from the lamps is white.

959. 9702_wi18_qp_12 Q: 29

Two sources of microwaves P and Q produce coherent waves with a phase difference of 180°.
The waves have the same wavelength ).

At the point S there is a minimum in the interference pattern produced by waves from the two
sources. The distance (QS — PS) is called the path difference.

In the expressions shown, n is an integer.

Which expression represents the path difference?

A n B 1lni C (n+ ) D (2n+ 1)
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960. 9702_wi18_qp_13 Q: 28

A student connects two loudspeakers to a signal generator.

signal
generator @

P

As the student walks from P to Q, he notices that the loudness of the sound rises and falls
repeatedly.

What causes the loudness of the sound to vary?
A diffraction of the sound waves

B Doppler shift of the sound waves

C interference of the sound waves
D

reflection of the sound waves

961. 9702_ml17_qp_12 Q: 29

In an experiment to demonstrate two-source interference of light, a beam of light is split into two
beams using two slits 0.50mm apart. These two beams are incident on a laboratory wall at a
distance of 4.0m.

The wavelength of light is 550 nm.

How far apart are two adjacent interference fringes that are formed on the laboratory wall?

A 0.22mm B 0.44mm C 22mm D 4.4mm
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962. 9702_s17_qp_11 Q: 29

A pattern of interference fringes is produced using a red laser, a double slit and a screen. The
screen is 3.5 m from the double slit. The light from the laser has a wavelength of 640 nm.

The pattern of fringes is shown.

b.”ght 1 1 | | not to
fringe < > scale

What is the separation of the slits?

A 12x10"m B 16x10*m € 3.1x10°m D 3.3x10%m

963. 9702_s17_qp_12 Q: 29

Two wave sources are oscillating in phase. Each source produces a wave of wavelength A. The
two waves from the sources meet at point X with a phase difference of 90°.

What is a possible difference in the distances from the two wave sources to point X?

B £ c £ D 2
4 2

A

o |>

964. 9702_s17_qp_13 Q: 28

Monochromatic light of wavelength 1 is incident on two narrow slits S; and S;, a small distance
apart. A series of bright and dark fringes are observed on a screen a long distance away from the
slits.

P

| _screen

light
wavelength 4

The nth dark fringe from the central bright fringe is observed at point P on the screen.
Which equation is correct for all positive values of n?
A SP-sp="

2
B Szp — S1P =nAi
Cc SzP—S1P=(n—%)l

D SQP—S1P=(n+%)/1
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965. 9702_wl7_qp_11 Q: 5

A double-slit interference experiment is used to determine the wavelength of light from a
monochromatic source.

The following measurements are used.

slit separation a = 0.50 + 0.02mm

fringe separation x=1.7 + 0.1 mm

distance between slits and screen D =2.000 + 0.002m
What is the percentage uncertainty in the calculated wavelength?

A 01% B 1% C 6% D 10%

966. 9702_wil7_qp_11 Q: 28

Coherent waves are produced at P and at Q and travel outwards in all directions. The line RS is
half-way between P and Q and perpendicular to the line joining P and Q. The distance RS is
much greater than the distance PQ.

P R Q
[ ] : L ]
i NOTTO
E SCALE
QS Y
S

Along which of the lines shown is an interference pattern observed?
A both RS and XY

B RSonly

C XYonly

D neither RS nor XY
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967. 9702_wl7_qp_12 Q: 30

In an experiment to demonstrate double-slit interference using light, the distance from the slits to
the screen is doubled and the slit separation is halved. The wavelength of the light is kept

constant.

By which factor does the separation of adjacent bright fringes change?

A B% c 2 D 4

1
4

968. 9702_wil7_qp_13 Q: 29

A beam of laser light is directed towards a narrow slit.

cross-section | __—panel
of beam of light \\+\

After emerging from the other side of the slit, the light then falls on a screen.

T slit

What is the pattern of light seen on the screen?

A B Cc D
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2_wl7_gp_13 Q: 30
Th diagrams sho wf r pairs of waves. In each case the displacement y measured at a fixed
point is plotted against time t

Which pair of wav not coherent?

A A AN A A
BVAVAVAVAVAVAVAVAYE

oA NAN N
\vvv vvv w
T AnA ANN
\vvv vvvf
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970. 9702_s16_qp_11 Q: 27

Fringes of separation x are observed on a screen 1.00 m from a double slit that is illuminated by
yellow light of wavelength 600 nm.

At which distance from the slits would fringes of the same separation x be observed when using
blue light of wavelength 400 nm?

A 0.33m B 0.67m C 0.75m D 1.50m

971. 9702_s16_qp_12 Q: 27

Sound waves of wavelength A are emitted by a loudspeaker and pass through two slits P and Q.
Two sound waves from the slits meet at R.

R
microphone

=g

loudspeaker

[y}
1 3L

[~ sound barrier
with two slits

What is the condition for an intensity maximum (loud sound) to be detected by a microphone
atR?

A The amplitudes of the two waves at R must be the same.

B The distance PQ must be smaller than the wavelength A.

C The two waves from the slits must have travelled the same distance to R.
D

The two waves must be in phase at R.
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972. 9702_s16_qp_12 Q: 28

Coherent light passes through a double slit, producing bright and dark fringes on a screen placed
parallel to the plane of the double slit. The intensity of the light from each of the slits is initially the
same.

The intensity of the light passing through one of the slits in the double slit is now increased. The
frequency of the light remains constant.

What is the effect on the appearance of the fringes on the screen?

separation maximum intensity
of fringes of dark fringes
A decreases no change
B increases greater
C no change greater
D no change no change

973. 9702_s16_qp_13 Q: 26

A hill separates a television (TV) transmitter from a house. The transmitter cannot be seen from
the house. However, the house has good TV reception.

hill

[T BT
[FH[{

TV transmitter house

By which wave effect at the hill could the TV signal reach the house?
A coherence

B diffraction

C interference

D reflection
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974. 9702_wil6_qp_11 Q: 27

Diagrams X and Y show the passage of water waves around an obstacle and through a gap.

The thick lines are barriers to the waves and each thin line represents a wavefront.

))))
H

X Y

Which statement is correct?

A Diagrams X and Y both illustrate diffraction.
B Diagrams X and Y both illustrate interference.
C Only diagram X illustrates interference.
D

Only diagram Y illustrates diffraction.

975. 9702_wil6_qp_12 Q: 27

Observable interference fringes are produced using light from a double slit. The intensity of the
light emerging from each slit is initially the same.

The intensity of the light emerging from one of the slits is now reduced.

How does this affect the interference pattern?

A The bright fringes and the dark fringes all become brighter.

B The bright fringes and the dark fringes all become darker.

C The bright fringes become brighter and the dark fringes become darker.
D

The bright fringes become darker and the dark fringes become brighter.
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976. 9702_wil6_qp_12 Q: 28

Monochromatic light of wavelength 450 nm passes through two parallel slits 0.30 mm apart. Bright
fringes are observed on a screen 2.0m away.

20m

slits (not to scale) soreen

How far apart are the bright fringes on the screen?

A 1.3mm B 1.5mm C 3.0mm D 6.0mm

977. 9702_wil6_qp_13 Q: 27

Diagrams X and Y show the passage of water waves around an obstacle and through a gap.

The thick lines are barriers to the waves and each thin line represents a wavefront.

0

X Y

Which statement is correct?

A Diagrams X and Y both illustrate diffraction.
B Diagrams X and Y both illustrate interference.
C Only diagram X illustrates interference.
D

Only diagram Y illustrates diffraction.
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978. 9702_s15_qp_11 Q: 30

In a double-slit experiment the distance between the fringes, on a screen, was too small to
measure.

What would increase the distance between the fringes?

A increasing the distance between the light source and the slits
B increasing the distance between the slits and the screen

C increasing the distance between the slits

D increasing the frequency of the light source

979. 9702_s15_qp_12 Q: 26

What is not an essential condition for an observable interference pattern to occur between the
waves from two sources?

A The frequencies of the two sources must be equal.
B The sources must be coherent.

C The sources must emit waves of equal amplitude.
D

The waves from the two sources must overlap.
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980. 9702_s15_qp_12 Q: 28

A pattern of waves was observed without being able to view the source of the waves. The pattern
is represented in the diagram.

/

/ / ———region of minimum intensity
I /\
region of maximum intensity

What can cause this pattern?

A coherence only

B diffraction and interference
C diffraction only
D

interference only

981. 9702_s15_gp_13 Q: 29
Wave generators at points X and Y produce water waves of the same wavelength. At point Z, the
waves from X have the same amplitude as the waves from Y. Distances XZ and YZ are as
shown.

Xe oY

24cm 34cm

z
When the wave generators operate in phase, the amplitude of oscillation at Z is zero.

What could be the wavelength of the waves?

A 2cm B 3cm C 4cm D 6cm
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9.4 Diffraction gratings
982. 9702_m20_qp_12 Q: 29

Light of wavelength A is incident normally on a diffraction grating, as shown.

second-order maximum

light of
wavelength 4

.

diffraction second-order maximum
grating

The angle between the two second-order maxima is ¢.

Which expression gives the spacing of the lines on the diffraction grating?

A A B 4 ¢ 24 p 24
sing sin (¢/2) sing sin (¢ /2)

983. 9702_s20_qp_11 Q: 30

A diffraction grating and a screen are used to determine the single wavelength A of the light from
a source.

What is an essential feature of this experiment?
A A curved screen must be used.

B The diffraction angle 6 must be measured for at least two interference maxima.
C The light waves incident on the grating must be coherent.
D

The third order intensity maximum must be produced.
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984. 9702_s20_qp_12 Q: 30

Light of wavelength A is incident normally on a diffraction grating. The angle between the
second-order maximum and the normal to the grating is €. The variation with sin & of 1 is shown
on the graph.

750

Al1109m

500

250

sin 0
How many lines per millimetre are on the diffraction grating?

A 400mm™ B 625mm™ c 800mm™ D 1250mm™

STEMUP.CO.UK
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985. 9702_s20_qp_13 Q: 30

Light of a single wavelength from a distant point source falls normally onto a diffraction grating
positioned with its lines vertical.

diffraction
grating

light from e
distant —_— §]>-

paint source
- 5 eye of
student

NOT TO SCALE

The plane of the diffraction grating is at right angles to the incident light. A student looks at the
grating from a position near to the grating.

What could the student see?

A a central point source with a series of point source images on either side
B a central vertical line with a series of spectra on either side

C a series of fine vertical lines
D

a single point source

986. 9702_mi19_qp_12 Q: 29

A diffraction grating experiment is set up using orange light of wavelength 600nm. The grating
has a slit separation of 2.00 um.

2nd order orange

/ 1st order orange
0

2
—_ .

light of .
wavelength ~ grating
600nm

What is the angular separation (& — &) between the first and second order maxima of the orange
light?

A 17.5° B 19.4° C 36.9° D 54.3°
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987. 9702_s19_qp_11 Q: 30

The interference patterns from a diffraction grating and a double slit are compared.

Using the diffraction grating, yellow light of the first order is seen at 30° to the normal to the
grating.

The same light produces interference fringes on a screen 1.0m from the double slit. The slit
separation is 500 times greater than the line spacing of the grating.

What is the fringe separation on the screen?
A 25x10"m
B 1.0x10"°m
C 1.0x10°m
D 10x10"m

988. 9702_s19_qp_12 Q: 29

Monochromatic light is directed at a diffraction grating, as shown.

Which diagram could show all the possible directions of the light, after passing through the
grating, that give maximum intensity?

A B C
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. 9702_s19_qp_13 Q: 30

Monochromatic light of wavelength 690nm passes through a diffraction grating with
300 lines per mm, producing a series of maxima (bright spots) on a screen.

screen

diffraction
grating

What is the greatest number of maxima that can be observed?

A 4 B 5 c 8 D 9

990. 9702_w19_qp_11 Q: 28

Light of wavelength 720nm from a laser X is incident normally on a diffraction grating and a
diffraction pattern is observed. Light from a laser Y is then also incident normally on the same
grating. The third-order maximum due to laser Y is seen at the same place as the second-order

maximum due to laser X.

What is the wavelength of the light from laser Y?

A 480nm B 540nm C 720nm D 1080nm

991. 9702_w19_qp_11 Q: 29

Monochromatic light of frequency fis incident on a diffraction grating of line spacing d. The speed
of light is c.

Which expression can be used to determine the highest order of intensity maximum produced by
the grating?

£
df

A n=d B n=£ Cc n=@ D n=
cf c f



https://stemup.co.uk

9.4. DIFFRACTION GRATINGS 473

992. 9702_wil9_qp_12 Q: 28

An electromagnetic wave is incident normally on a diffraction grating.

A second-order maximum is produced at an angle of 30° to a normal to the grating.
The grating has 5000 lines per cm.

What is the wavelength of the wave?

A 25x10'm B 50x10'm € 10x10°m D 50x10°m

993. 9702_w19_qp_13 Q: 30

Light of wavelength 567 nm is incident normally on a diffraction grating. The grating has 400 lines
per mm. A number of diffraction maxima are observed on the far side of the grating.

What is the angle between the second-order maximum and the third-order maximum?

A 13.1° B 13.9° c 159 D 27.0°

994. 9702_s18_qp_12 Q: 25

Which region of the electromagnetic spectrum has waves of wavelength 1000 times smaller than
the wavelength of visible light?

A infra-red
B microwaves
C ultraviolet

D X-rays
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995. 9702_wi8_qp_11 Q: 29

A beam of light consists of two wavelengths of 436nm and 654 nm. A diffraction grating of
5.00 x 10° lines m™" produces a diffraction pattern in which the second order of one of these
wavelengths occurs at the same angle 8 as the third order of the other wavelength.

overlapping orders

436nm 0 zero order
654 nm - 0 i

What is the angle 67

A 19.1° B 258° C 40.8° D 78.8°

996. 9702_wi18_qp_12 Q: 30

A parallel beam of monochromatic light of wavelength A is incident normally on a diffraction
grating G. The angle between the directions of the two second-order diffracted beams at P, and

at P> is o, as shown.

light > o

What is the spacing of the lines on the grating?

sina sina sin(a./2) sin(a./ 2)
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997. 9702_wi8_qp_13 Q: 29

A parallel beam of white light is incident normally on a diffraction grating. The second-order and
third-order spectra partially overlap.

Which wavelength in the third-order spectrum appears at the same angle as the wavelength of
600 nm in the second-order spectrum?

A 300nm B 400nm C 600nm D 900nm

998. 9702_s17_qp_11 Q: 28

A parallel beam of light of wavelength 600 nm is incident normally on a diffraction grating. The
grating has 300 lines per millimetre.

What is the total number of intensity maxima from the grating?

A 1 B 3 c " D 13

999. 9702_s17_qp_12 Q: 28

A parallel beam of red light of wavelength 700 nm is incident normally on a diffraction grating that
has 400 lines per millimetre.

What is the total number of intensity maxima from the grating?

A 6 B 7 cC 8 D 9

1000. 9702_s17_qp_13 Q: 27

Monochromatic light is incident on a diffraction grating and a diffraction pattern is observed.

Which row shows possible effects of replacing the grating with one that has twice as many lines
per millimetre?

number of orders of angle between first and
diffraction visible second orders of diffraction
A decreases decreases
B decreases increases
C increases decreases
D increases increases
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1001. 9702_wi7_qp_11 Q: 30

A diffraction grating is used to measure the wavelength of monochromatic light, as shown in the
diagram.

grating —
first order maximum
monochromatic ——>—— 70.0°

light
first order maximum

The spacing of the slits in the grating is 1.00 x 10°m. The angle between the first order
diffraction maxima is 70.0°.

What is the wavelength of the light?

A 287nm B 470nm C 574nm D 940nm

1002. 9702_ml16_qp_12 Q: 26

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 7.7° B 15.4° C 16.7° D 32.1°

1003. 9702_s16_qp_11 Q: 26

A parallel beam of light of wavelength 450 nm is incident normally on a diffraction grating which
has 300 lines/mm.

What is the total number of intensity maxima observed?

A 7 B 8 c 14 D 15
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1004. 9702_s16_qp_13 Q: 27

A diffraction grating with N lines per metre is used to deflect light of various wavelengths A.

The graph shows a relation between the deflection angle # and A for different wavelengths in the
n™ order interference pattern.

sin@

What is the gradient of the graph?

A Nn BE c

n

=
S

1005. 9702_s16_qp_13 Q: 28

Which wave phenomenon is not needed to explain the pattern of observable fringes produced by
a double slit experiment?

A coherence
B diffraction

C interference
D

reflection
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1006. 9702_wi6_qgp_11 Q: 29
A diffraction grating is used to measure the wavelength of monochromatic light.

The spacing of the slits in the grating is 1.15x 10°m. The angle between the first order
diffraction maxima is 60.0°, as shown in the diagram.

grating—__

monochromatic 60.0°
light

What is the wavelength of the light?
A 288nm B 498nm C 575nm D 996nm

1007. 9702_wi6_qp_13 Q: 29

A diffraction grating is used to measure the wavelength of monochromatic light.

The spacing of the slits in the grating is 1.15x 10°m. The angle between the first order
diffraction maxima is 60.0°, as shown in the diagram.

grating—__

monochromatic 60.0°
light

What is the wavelength of the light?
A 288nm B 498nm C 575nm D 996nm
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Paper 1 Multiple Choice Answers: Superposition

Question Paper Q. No. Answer
880 9702_m20_qgp_12 26 Cc
881 9702_s20_qgp_1 27 B
882 9702_s20_qgp_12 24 D
883 9702_s20_qgp_12 27 B
884 9702_s20_qgp_13 27 C
885 9702_mI9_qgp_12 27 Cc
886 9702_mI9_qp_12 28 A
887 9702_s19_qgp_13 26 B
888 9702_w19_qp_1 23 B
889 9702_w19_qp_N 26 C
890 9702_w19_qgp_12 25 c
891 9702_w19_qp_13 26 C
892 9702_w19_qgp_13 28 D
893 9702_mI8_qp_12 28 D
894 9702_s18_qgp_N 27 B
895 9702_s18_qgp_12 24 A
896 9702_s18_qgp_12 28 A
897 9702_wl18_qp_N 26 A
898 9702_w18_qgp_12 24 A
899 9702_wl18_qgp_12 27 A
900 9702_w18_qgp_13 26 D
901 9702_ml7_qgp_12 27 C
902 9702_s17_qgp_T1 27 c
903 9702_s17_gp_12 27 D
904 9702_s17_qp_13 26 A
905 9702_wl17_gp_1 23 C
906 9702_wl7_qgp_ 27 A
907 9702_wl7_qp_12 27 D
908 9702_ml6_qp_12 24 B
909 9702_ml6_qp_12 25 Cc
910 9702_s16_qgp_1 24 A
I 9702_wl6_qp_ 24 D
912 9702_wl6_qgp_ 28 A
913 9702_wl6_qgp_12 26 B
914 9702_wl6_qp_12 29 c
915 9702_wl6_qgp_13 24 D
916 9702_wl6_qgp_13 28 A
917 9702_s15_qgp_T1 29 D
918 9702_sl5_qgp_12 27 B
919 9702_s15_qp_13 27 D
920 9702_m20_qgp_12 27 B
921 9702_s20_qgp_1 28 B
922 9702_s20_qgp_12 28 B
923 9702_s20_qp_13 28 A
924 9702_s19_qgp_1 28 B
925 9702_s19_qgp_13 27 C
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Paper 1 Multiple Choice Answers: Superposition (continued)

Question Paper Q. No. Answer
926 9702_w19_qp_T 27 A
927 9702_w19_qp_13 29 C
928 9702_mI8_qp_12 29 B
929 9702_s18_qp_13 25 D
930 9702_w18_qp_T 27 c
931 9702_w18_qp_12 28 B
932 9702_w18_qp_13 27 C
933 9702_ml17_qp_12 28 C
934 9702_w17_gp_TI 24 A
935 9702_wl17_qgp_1 29 D
936 9702_w17_qp_12 28 C
937 9702_w17_qp_12 29 C
938 9702_ml6_qp_12 23 A
939 9702_s16_qp_11 25 D
940 9702_s16_qp_12 26 D
941 9702_s15_qp_13 28 D
942 9702_m20_qgp_12 28 c
943 9702_s20_qp_N 29 A
944 9702_s20_qp_12 29 A
945 9702_s20_qgp_13 29 D
946 9702_s19_qp_11 29 D
947 9702_s19_qp_12 30 B
948 9702_s19_qp_12 31 A
949 9702_s19_qp_13 28 D
950 9702_s19_qp_13 29 B
951 9702_w19_qgp_12 27 D
952 9702_mI8_qp_12 26 D
953 9702_mI18_qp_12 27 C
954 9702_s18_qgp_11 25 B
955 9702_s18_qp_T1 26 A
956 9702_s18_qp_12 29 C
957 9702_s18_qp_13 26 A
958 9702_w18_qgp_1l 28 C
959 9702_w18_qp_12 29 A
960 9702_w18_qp_13 28 C
961 9702_mi7_qp_12 29 D
962 9702_s17_qp_N 29 A
963 9702_s17_qp_12 29 B
964 9702_s17_qp_13 28 c
965 9702_wl17_gp_1 5 D
966 9702_wl17_qgp_1 28 c
967 9702_w17_qp_12 30 D
968 9702_wl17_qp_13 29 B
969 9702_w17_qp_13 30 C
970 9702_s16_qp_11 27 D
97 9702_s16_qp_12 27 D
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Paper 1 Multiple Choice Answers: Superposition (continued)

Question Paper Q. No. Answer
972 9702_s16_qp_12 28 C
973 9702_s16_qp_13 26 B
974 9702_wl16_qp_1I 27 A
975 9702_w16_qp_12 27 D
976 9702_wl16_qp_12 28 c
977 9702_w16_qp_13 27 A
978 9702_s15_qgp_T1 30 B
979 9702_s15_qp_12 26 c
980 9702_s15_qp_12 28 B
981 9702_s15_qp_13 29 c
982 9702_m20_qgp_12 29 D
983 9702_s20_qp_11 30 C
984 9702_s20_qgp_12 30 A
985 9702_s20_qp_13 30 C
986 9702_m19_qgp_12 29 B
987 9702_s19_qgp_T 30 C
988 9702_s19_qp_12 29 c
989 9702_s19_qp_13 30 D
990 9702_w19_qgp_1i 28 A
991 9702_w19_qp_1 29 B
992 9702_w19_qp_12 28 B
993 9702_w19_qp_13 30 c
994 9702_s18_qp_12 25 D
995 9702_w18_qgp_1i 29 C
996 9702_w18_qp_12 30 C
997 9702_w18_qp_13 29 B
998 9702_s17_qp_1 28 c
999 9702_s17_qp_12 28 B
1000 9702_s17_qgp_13 27 B
1001 9702_w17_qp_1 30 C
1002 9702_mi6_qp_12 26 C
1003 9702_s16_qp_1 26 D
1004 9702_s16_qp_13 27 A
1005 9702_s16_qp_13 28 D
1006 9702_wl16_qgp_T1 29 C
1007 9702_w16_qp_13 29 C
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9.1 Stationary waves
147. 9702_s20_qp_22 Q: 4

(a) State the difference between progressive waves and stationary waves in terms of the transfer
of energy along the wave.

(b) A progressive wave travels from left to right along a stretched string. Fig. 4.1 shows part of
the string at one instant.

direction of
wave travel

0.48m

Fig. 4.1

P, Q and R are three different points on the string. The distance between P and R is 0.48 m.
The wave has a period of 0.020s.

(i) Use Fig. 4.1 to determine the wavelength of the wave.

wavelength = . m [1]

(i) Calculate the speed of the wave.

(iii) Determine the phase difference between points Q and R.

phase difference = ... ° 1]
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(iv) Fig. 4.1 shows the position of the string at time t = 0. Describe how the displacement of
point Q on the string varies with time from t =0 to { = 0.010s.

(c) A stationary wave is formed on a different string that is stretched between two fixed points
X and Y. Fig. 4.2 shows the position of the string when each point is at its maximum
displacement.

z

Fig. 4.2

(i) Explain what is meant by a node of a stationary wave.

..................................................................................................................................... [1]
(ii) State the number of antinodes of the wave shown in Fig. 4.2.
NUMDEN = e [1]
(iii) State the phase difference between points W and Z on the string.
phase difference = ........cccooiiiiiiiee e ° 1]

(iv) A new stationary wave is now formed on the string. The new wave has a frequency
that is half of the frequency of the wave shown in Fig. 4.2. The speed of the wave is
unchanged.

On Fig. 4.3, draw a position of the string, for this new wave, when each point is at its
maximum displacement.

Fig. 4.3
(1]

[Total: 11]
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148. 9702_w20_qp 21 Q: 6

(a) Describe the conditions required for two waves to be able to form a stationary wave.

(b) A stationary wave on a string has nodes and antinodes. The distance between a node and an
adjacent antinode is 6.0cm.

(i) State what is meant by a node.

(ii) Calculate the wavelength of the two waves forming the stationary wave.

wavelength = ... cm [1]

(iii) State the phase difference between the particles at two adjacent antinodes of the
stationary wave.

phase difference = ..., ° 1]

[Total: 5]
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149. 9702 _ml18 qp 22 Q:4

(a) State the conditions required for the formation of a stationary wave.

(b) The sound from a loudspeaker is detected by a microphone that is connected to a cathode-ray
oscilloscope (c.r.0.). Fig. 4.1 shows the trace on the screen of the c.r.o.

—

icm

1cm

Fig. 4.1
In air, the sound wave has a speed of 330ms-! and a wavelength of 0.18m.

(i) Calculate the frequency of the sound wave.

freqUENCY = ..o Hz [2]

(i) Determine the time-base setting, in scm™, of the c.r.o.

time-base Setting = .......c.oovvveeeeee e, sem™ [2]

STEMUP.CO.UK
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(iii) The intensity of the sound from the loudspeaker is now halved. The wavelength of
the sound is unchanged. Assume that the amplitude of the trace is proportional to the
amplitude of the sound wave.

On Fig. 4.1, sketch the new trace shown on the screen of the c.r.o. [2]

(c) The loudspeaker in (b) is held above a vertical tube of liquid, as shown in Fig. 4.2.

Ioudspeaker\é ‘é

liquid —]
...... -2— |evel A ~-----1-w— level A
tube —
...... -a— level B ~-----1 -a— |evel B
liquid — -
tap \% ¥
Fig. 4.2 Fig. 4.3

A tap at the bottom of the tube is opened so that liquid drains out at a constant rate. The
wavelength of the sound from the loudspeaker is 0.18m. The sound that is heard first
becomes much louder when the liquid surface reaches level A. The next time that the sound
becomes much louder is when the liquid surface reaches level B, as shown in Fig. 4.3.

(i) Calculate the vertical distance between level A and level B.

dISTANCE = oo m [1]

(ii) On Fig. 4.3, label with the letter N the positions of the nodes of the stationary wave that
is formed in the air column when the liquid surface is at level B. [1]

(iii) The mass of liquid leaving the tube per unit time is 6.7gs~'. The tube has an internal
cross-sectional area of 13cm?2. The density of the liquid is 0.79gem™.

Calculate the time taken for the liquid to move from level A to level B.

[Total: 12]
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150. 9702_s18 qp_22 Q: 4

(a) (i) Define the wavelength of a progressive wave.

(b) A loudspeaker producing sound of constant frequency is placed near the open end of a pipe,
as shown in Fig. 4.1.

pipe piston loudspeaker
- [
speed 0.75cms™" . ]
: ;
.~
Fig. 4.1

A movable piston is at distance x from the open end of the pipe. Distance x is increased from
x = 0 by moving the piston to the left with a constant speed of 0.75cms™.

The speed of the sound in the pipe is 340ms~'.

(i) A much louder sound is first heard when x = 4.5cm. Assume that there is an antinode of
a stationary wave at the open end of the pipe.

Determine the frequency of the sound in the pipe.

freQUENCY = ..o Hz [3]

(ii) After a time interval, a second much louder sound is heard. Calculate the time interval
between the first louder sound and the second louder sound being heard.

timeinterval = ... s [2]

[Total: 7]
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151. 9702_w18 qp 23 Q: 4

(@ On Fig. 4.1, complete the two graphs to illustrate what is meant by the amplitude A, the
wavelength A and the period T of a progressive wave.

Ensure that you label the axes of each graph.

VANVANVAVEEENANVANVAW
VARV VARV

Fig. 4.1
3]

(b) Ahorizontal string is stretched between two fixed points X and Y. A vibrator is used to oscillate
the string and produce a stationary wave. Fig. 4.2 shows the string at one instant in time.

string

Fig. 4.2

The speed of a progressive wave along the string is 30ms~!. The stationary wave has a
period of 40 ms.

(i) Explain how the stationary wave is formed on the string.
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(ii) A particle on the string oscillates with an amplitude of 13mm. At time { the particle has
zero displacement.

Calculate

1. the displacement of the patrticle at time (¢ + 100ms),

displacement = ... mm

2. the total distance moved by the particle from time tto time (t+ 100ms).

diStANCe = ..o mm
[3]
(iii) Determine
1. the frequency of the wave,
frEQUENCY = oo Hz [1]

2. the horizontal distance from X to Y.

distance = ... m [3]

[Total: 12]
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152. 9702 _s17 _qp_21 Q: 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.

string

pulley

vibrator— — —---- - T—  T---°

Fig. 4.1

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

along the string with a speed of 12ms~1. The wave is reflected at the pulley and a stationary
wave forms on the string.

Fig. 4.2 shows the string between points Aand B at time ¢ = t,.

string

Fig. 4.2
Attime ¢ = t, the string has maximum displacement.

(i) Calculate the distance AB.

distance = . ..., m [2]
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(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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153. 9702 w17 qp 21 Q:3
(a) State the difference between a stationary wave and a progressive wave in terms of

(i) the energy transfer along the wave,

(b) A tube is open at both ends. A loudspeaker, emitting sound of a single frequency, is placed
near one end of the tube, as shown in Fig. 3.1.

tube
A A A A
loudspeaker ; :
| 0.60m
| I
Fig. 3.1

The speed of the sound in the tube is 340ms~1. The length of the tube is 0.60m.

A stationary wave is formed with an antinode A at each end of the tube and two antinodes
inside the tube.

(i) State what is meant by an antinode of the stationary wave.

....................................................................................................................................... [1]
(ii) State the distance between a node and an adjacent antinode.
distance = ....oeiieii e m [1]
(iii) Determine, for the sound in the tube,
1. the wavelength,
wavelength = ... m [1]

STEMUP.CO.UK
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2. the frequency.

freqQUENCY = oo Hz [2]

(iv) Determine the minimum frequency of the sound from the loudspeaker that produces a
stationary wave in the tube.

MINIMUM freqUeNCY = ... Hz [2]

[Total: 9]

285
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154. 9702 w17 qp 22 Q: 4

(a) State the conditions required for the formation of a stationary wave.

(b) A horizontal string is stretched between two fixed points X and Y. The string is made to vibrate
vertically so that a stationary wave is formed. At one instant, each particle of the string is at its
maximum displacement, as shown in Fig. 4.1.

string

2.0m

Fig. 4.1

P and Q are two particles of the string. The string vibrates with a frequency of 40Hz. Distance
XY is 2.0m.

(i) State the number of antinodes in the stationary wave.

NUMDET = .ot eee [1]

(ii) Determine the minimum time taken for the particle P to travel from its lowest point to its
highest point.

timetaken = ... s [2]
(iii) State the phase difference, with its unit, between the vibrations of particle P and of
particle Q.

phase difference = ........cccoovveieeiiiiieeeeeee e, 1]

STEMUP.CO.UK
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(iv) Determine the speed of a progressive wave along the string.

[Total: 8]
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155. 9702_s16_qp_23 Q: 7

(a) Apparatus used to produce stationary waves on a stretched string is shown in Fig. 7.1.

frequency

generator light string

-
c [ o) pulley
— vibrator wheel

i
masses

Fig. 7.1
The frequency generator is switched on.

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

(ii) Describe the features that are seen on the stretched string that indicate staticnary 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 I

3.0 =

J
x/cm 2.0 1’ y.6i N § ™\

hN

1.0 i II \ /

T

——

|
—
o
N
ft

~
"-n...‘_.

Fig.7.2

(i) Determine the phase difference between wave R and wave S. Include an appropriate
unit.

phase difference = .......cccccccoviiiiiiii i, [1]

(ii) Calculate the ratio

intensity of wave R
intensity of wave S

[Total: 6]
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156. 9702 _s15 qp 22 Q: 6

(a) State two differences between progressive waves and stationary waves.

L PP UPRUPRRN
P2 OSSPSR TPRP
(2]
(b) A source S of microwaves is placed in front of a metal reflector R, as shown in Fig. 6.1.
, metal reflector R
. microwave detector D
microwave i]
source
S
N} meter
Fig. 6.1

A microwave detector D is placed between R and S.
Describe
(i) how stationary waves are formed between R and S,

...................................................................................................................................... [3]
(ii) how D is used to show that stationary waves are formed between R and S,

...................................................................................................................................... [2]

Fig.6.1.
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(¢) The wavelength of the microwaves in (b) is 2.8cm. Calculate the frequency, in GHz, of the
microwaves.

freqUENCY = oo e GHz [3]
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157. 9702 w15 _qp 21 Q: 5

(a) A progressive wave transfers energy. A stationary wave does not transfer energy. State two
other differences between progressive waves and stationary waves.

(b) A stationary wave is formed on a stretched string between two fixed points A and B.
The variation of the displacement y of particles of the string with distance x along the string
for the wave at time t= 0 is shown on Fig. 5.1.

10
position of
particles at t=0
5
y/mm
A B1T]
0
) 1.0 2.0
x/m1T
-5
-10

Fig. 5.1

The wave has a period of 20ms and a wavelength of 1.2m. The maximum amplitude of the
particles of the string is 5.0mm.

(i) On Fig.5.1, draw a line to represent the position of the string at t=5.0ms. [2]

(ii) State the phase difference between the particles of the string at x = 0.40m and
at x=0.80m.

phase difference = ...............ccin unit ., [1]

(ili) State and explain the change in the kinetic energy of a particle at an antinode between
t=0and f=5.0ms. A numerical value is not required.

291
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158. 9702_w15_qp_23 Q: 6

An arrangement for producing stationary waves in air in a tube that is closed at one end is shown

in Fig. 6.1.
__loudspeaker
signal 00

generator T

tube of

adjustable — L
length

air—" |

L

Fig. 6.1

A loudspeaker produces sound waves of wavelength 0.680 m in the tube.
For some values of the length L of the tube, stationary waves are formed.

(a) Explain how stationary waves are formed in the tube.

............................................................................................................................................... [2]
(b) The length L is adjusted between 0.200m and 1.00m.
(i) Calculate two values of L for which stationary waves are formed.
L= mand L= .....cciiiiiiiininnn m [2]

(i) OnFig. 6.2, label the positions of the antinodes with an A and the nodes with an N for the
least value of L for which a stationary wave is formed.

Fig. 6.2
(1]
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9.2 Interference, twosource interference

159. 9702_s20 qp 21 Q: 4

(@) (i) By reference to the direction of propagation of energy, state what is meant by a
longitudinal wave.

(b) The wavelength of light from a laser is determined using the apparatus shown in Fig.4.1.

double
slit screen

light

—s B
—_— 13.7x10‘4m
N —

- 2.3m -

Fig. 4.1 (not to scale)
The light from the laser is incident normally on the plane of the double slit.
The separation of the two slits is 3.7 x 104 m. The screen is parallel to the plane of the double
slit. The distance between the screen and the double slit is 2.3m.

A pattern of bright fringes and dark fringes is seen on the screen. The separation of adjacent
bright fringes on the screen is 4.3x 103 m.

(i) Calculate the wavelength, in nm, of the light.

wavelength = ..o, nm [3]
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(ii) The intensity of the light passing through each slit was initially the same. The intensity of
the light through one of the slits is now reduced.

Compare the appearance of the fringes before and after the change of intensity.

[Total: 8]
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160. 9702 _s20 qp 23 Q: 4

Two progressive sound waves Y and Z meet at a fixed point P. The variation with time t of the
displacement x of each wave at point P is shown in Fig. 4.1.

6
4 = wave YT
x/um Vi N i E
2 N TS
/
A
0 1 i
0 0 2.0 01 t/ms 4.0
7 7
-2 - \ / L
N / wave Z
-4
-6
Fig. 4.1
(a) Use Fig. 4.1 to state one quantity of waves Y and Z that is:
(i) the same
..................................................................................................................................... 1]
(ii) different.
..................................................................................................................................... 1]
(b) State and explain whether waves Y and Z are coherent
............................................................................................................................................. 1]
(c) Determine the phase difference between the waves.
phase difference = .......cccooviieii i ° 1]

(d) The two waves superpose at P. Use Fig. 4.1 to determine the resultant displacement at time
t=0.75ms.

resultant displacement = ... um [1]
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(e) The intensity of wave Y at point P is I.

Determine, in terms of I, the intensity of wave Z.

INtensity = .o [2]
(f) The speed of wave Z is 330ms™".
Determine the wavelength of wave Z.
wavelength = . m [3]
[Total: 10]
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161. 9702_w20_qp_ 22 Q: 5

Microwaves with the same wavelength and amplitude are emitted in phase from two sources X
and Y, as shown in Fig. 5.1.

! path of detector
I
X r/

JjIA ~4— position of central maximum
¢ B ==— position of adjacent minimum

I
I
I
Fig. 5.1 (not to scale)
A microwave detector is moved along a path parallel to the line joining X and Y. An interference
pattern is detected. A central intensity maximum is located at point A and there is an adjacent

intensity minimum at point B. The microwaves have a wavelength of 0.040m.

(a) Calculate the frequency, in GHz, of the microwaves.

freqUeNCY = ..o GHz [3]
(b) For the waves arriving at point B, determine:
(i) the path difference
path difference = ... m [1]

(ii) the phase difference.

phase difference =
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(c) The amplitudes of the waves from the sources are changed. This causes a change in the
amplitude of the waves arriving at point A. At this point, the amplitude of the wave arriving from
source X is doubled and the amplitude of the wave arriving from source Y is also doubled.

Describe the effect, if any, on the intensity of the central maximum at point A.

(d) Describe the effect, if any, on the positions of the central intensity maximum and the adjacent
intensity minimum due to the following separate changes.

(i) The separation of the sources X and Y is increased.

..................................................................................................................................... [1]
(ii) The phase difference between the microwaves emitted by the sources X and Y changes

to 180°.

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

[Total: 9]
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162. 9702_m19 qp 22 Q: 5

(a) By reference to two waves, state:
(i) the principle of superposition

(b) Two coherent waves P and Q meet at a point in phase and superpose. Wave P has an
amplitude of 1.5cm and intensity I. The resultant intensity at the point where the waves meet
is 31.

Calculate the amplitude of wave Q.

laser light
wavelength 680 nm > I a

double-slit screen

Fig. 5.1 (not to scale)

Light of wavelength 680nm is incident on a double-slit. The slit separation is a. The

separation between adjacent fringes is x. Fringes are viewed on a screen at distance D from
the double-slit.
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Distance D is varied from 2.0m to 3.5m. The variation with D of x is shown in Fig. 5.2.

10.0

8.0
x/mm =

6.0 ot

4.0+

2.0

2.0 2.5 3.0 3.5
D/m

Fig. 5.2

(i) Use Fig. 5.2 to determine the slit separation a.

(ii) The laser is now replaced by another laser that emits light of a shorter wavelength.

On Fig. 5.2, sketch a possible line to show the variation with D of x for the fringes that
are now produced. 2]

[Total: 10]
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163. 9702 _s19 qp 21 Q: 5

(@) A loudspeaker oscillates with frequency f to produce sound waves of wavelength A. The
loudspeaker makes N oscillations in time t.

(i) State expressions, in terms of some or all of the symbols £, A and N, for:

1. the distance moved by a wavefront in time ¢

AIStANCE = ..o

2. timet

(ii) Use your answers in (i) to deduce the equation relating the speed v of the sound wave to
fand A.

(1]

(b) The waveform of a sound wave is displayed on the screen of a cathode-ray oscilloscope
(c.r.0.), as shown in Fig. 5.1.

ILOcm

1.0cm

Fig. 5.1
The time-base setting is 0.20mscm™".

Determine the frequency of the sound wave.

freqUENCY = oo Hz [2]
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(c) Two sources S, and S, of sound waves are positioned as shown in Fig. 5.2.

81?
|
|
|
|
|
|

Sy

Fig. 5.2 (not to scale)

The sources emit coherent sound waves of wavelength 0.85m. A sound detector is moved
parallel to the line S,S, from a point X to a point Y. Alternate positions of maximum loudness
L and minimum loudness Q are detected, as illustrated in Fig. 5.2.

Distance S,X is equal to distance S,X. Distance S,Y is 7.40m.

(i) Explain what is meant by coherent waves.

(ii) State the phase difference between the two waves arriving at the position of minimum
loudness Q that is closest to point X.

phase difference = ... ° 1]

(iif) Determine the distance S,Y.

dISTANCE = oo m [2]

[Total: 9]
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164. 9702_ w19 _qp 21 Q:5

Aripple tank is used to demonstrate the interference of water waves.
Two dippers D1 and D2 produce coherent waves that have circular wavefronts, as illustrated in

Fig.5.1.

D1 D2

Fig. 5.1
The lines in the diagram represent crests. The waves have a wavelength of 6.0cm.

(@) One condition that is required for an observable interference pattern is that the waves must
be coherent.

(i) Describe how the apparatus is arranged to ensure that the waves from the dippers are
coherent.

(ii) State one other condition that must be satisfied by the waves in order for the interference
pattern to be observable.

(b) Light from a lamp above the ripple tank shines through the water onto a screen below the
tank. Describe one way of seeing the illuminated pattern more clearly.
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(c) The speed of the waves is 0.40ms™'. Calculate the period of the waves.

(d) Fig. 5.1 shows a point X that lies on a crest of the wave from D1 and midway between two
adjacent crests of the wave from D2.

For the waves at point X, state:

(i) the path difference, in cm

path difference = ..o, cm [1]

(if) the phase difference.

phase differenCe = ... ° ]

(e) On Fig.5.1, draw one line, at least 4cm long, which joins points where only maxima of the

interference pattern are observed. [1]

[Total: 8]
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165. 9702_s18 qp 21 Q: 4

(a) For a progressive wave, state what is meant by
(i) the period,

(b) Fig. 4.1 shows the variation with time ¢ of the displacement x of two progressive waves P and
Q passing the same point.

4.0
3.0
x/mm 50 (Hwave P
' S VEP G £
/ \/ N /
1.0 / 7\ J
/
0 / \ s
0 020! 0.40 -\ 0/60[] /80 t/s
/ J |
-1.0 /. \ ‘)(’ /I wave Q
,’ \ J \\ v
_20 ’ B v
y
-3.0
—4.0
Fig. 4.1
The speed of the waves is 20cms™.
(i) Calculate the wavelength of the waves.
wavelength = ..., cm [2]
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(i) Determine the phase difference between the two waves.

phase difference = ... °[1]
(iii) Calculate the ratio

intensity of wave Q
intensity of wave P

(iv) The two waves superpose as they pass the same point. Use Fig. 4.1 to determine the
resultant displacement at time t = 0.45s.

displacement = ..., mm [1]

[Total: 8]
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166. 9702_s18 qp_23 Q: 5

(a) State the relationship between the intensity and the amplitude of a wave.

(b) Microwaves of the same amplitude and wavelength are emitted in phase from two sources P
and Q. The sources are arranged as shown in Fig. 5.1.

P

Q :\ path of detector
|

Fig. 5.1

A microwave detector is moved along a path that is parallel to the line joining P and Q. A series
of intensity maxima and intensity minima are detected.

When the detector is at a point X, the distance PX is 1.840m and the distance QX is 2.020 m.
The microwaves have a wavelength of 6.0cm.

(i) Calculate the frequency of the microwaves.

freQUENCY = ..o Hz [2]

(ii) Describe and explain the intensity of the microwaves detected at X.
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(iii) Describe the effect on the interference pattern along the path of the detector due to each
of the following separate changes.

1. The wavelength of the microwaves decreases.

2. The phase difference between the microwaves emitted from the sources changes to
180°.

[Total: 8]
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167. 9702_ w18 qp 21 Q: 4

(@) State the principle of superposition.

.............................................................................................................................................. [2]
(b) An arrangement for demonstrating the interference of light is shown in Fig. 4.1.

-i----¢ B

P ¢D

- - Q+¢B
light ————* —F = central
wavelength —— = a 22mm ¢ B <—bright
610nm Loy fringe

— 1 D

g ¢+ B

¢D

-1 __eB

2.7m
double screen
slit

Fig. 4.1 (not to scale)

The wavelength of the light is 610nm. The distance between the double slit and the screen
is2.7m.

An interference pattern of bright fringes and dark fringes is observed on the screen. The
centres of the bright fringes are labelled B and centres of the dark fringes are labelled D.
Point P is the centre of a particular dark fringe and point Q is the centre of a particular bright
fringe, as shown in Fig. 4.1. The distance across five bright fringes is 22 mm.

(i) The light waves leaving the two slits are coherent.

State what is meant by coherent.
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(i) 1. State the phase difference between the waves meeting at Q.
phase difference =........cco e °

2. Calculate the path difference, in nm, of the waves meeting at P.

path difference = ..o nm

(iii) Determine the distance a between the two slits.

(iv) A higher frequency of visible light is now used. State and explain the change to the
separation of the fringes.

(v) The intensity of the light incident on the double slit is now increased without altering
its frequency. Compare the appearance of the fringes after this change with their
appearance before this change.

[Total: 11]
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168. 9702 _s17 qp 22 Q: 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,
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(b) Alaser emitting light of a single wavelength is used to illuminate slits S; and S, as shown in

Fig. 6.1.
A
>
laser !
- 0.48mm
light Sz ot |-screen
24m
B

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.

wavelength = ..o m [3]
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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

D2

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.

(ii) 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. theintensity of the wave from D, is less than the intensity of that from D,

[Total: 10]
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169. 9702_ml16 qp 22 Q: 4

(a) (i) By reference tothe direction of propagation of energy, state what is meant by a transverse
wave.

...................................................................................................................................... [1]
(if) State the principle of superposition.
...................................................................................................................................... [2]
(b) Circular water waves may be produced by vibrating dippers at points P and Q, as illustrated in
Fig. 4.1.
wavefront
P
44cm
R
29cm

Q

Fig. 4.1 (not to scale)

The waves from P alone have the same amplitude at point R as the waves from Q alone.
Distance PR is 44cm and distance QR is 29¢cm.

The dippers vibrate in phase with a period of 1.5s to produce waves of speed 4.0cms™'.

(i) Determine the wavelength of the waves.

wavelength = ..., cm [2]
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(ii) By reference to the distances PR and QR, explain why the water particles are at rest at
point R.

(c) A wave is produced on the surface of a different liquid. At one particular time, the variation of
the vertical displacement y with distance x along the surface of the liquid is shown in Fig. 4.2.

1.0
ylcm pali
0541/ /N
I \ b
0
0 / 2 A\ 4 6 A 8 10 Hx /emH
/
-0.5 II AN /
yil N\ V4 -
g
—1.01L
Fig. 4.2

(i) The wave has intensity I, at distance x = 2.0cm and intensity I, at x=10.0 cm.

Determine the ratio

intensity I,
intensity I,

(ii) State the phase difference, with its unit, between the oscillations of the liquid particles at
distances x = 3.0cm and x =4.0cm.

phase difference = ......ccccciiiii i, [1]

[Total: 11]
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170. 9702 _s16_qp 21 Q: 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
ylem wave X
2.0
™, 1, ™
\\ l' \\
N 4 h Y
1.0
N\ V. A\
0 -
0 1. 2.0 2.0 4.0 5.0
\ / T
10 . : t/ms
2.0 NS
-3.0
-4.0
Fig. 5.1
The intensity of wave X is I.
(a) Use Fig. 5.1 to determine the frequency of wave X.
freqUEeNCY = i, Hz [2]

(b) A second wave Z with the same frequency as wave X also passes point P.
Wave Z has intensity 2I. 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]
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(¢) A double-slit interference experiment is used to determine the wavelength of light emitted
from a laser, as shown in Fig. 5.2.

\J

\

laser light

double slit D 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 e
x/mm =

3.0 -

201

1.0

0

1.5 2.0 25 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]
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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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171. 9702_w16_qp 22 Q: 4

(a) State what is meant by the diffraction of a wave.

............................................................................................................................................... [2]
(b) An arrangement for demonstrating the interference of light is shown in Fig. 4.1.
—_—
laser light —_—= - -1---9 Y dark fringe
2.0mm I
- = 0.41mm -1---9 X central bright fringe
wavelength | |
580nm 0 Z dark fringe
—_—
D
doub_le slit screen

Fig. 4.1 (not to scale)

The wavelength of the light from the laser is 580nm. The separation of the slits is 0.41 mm.
The perpendicular distance between the double slit and the screen is D.

Coherent light emerges from the slits and an interference pattern is observed on the screen.
The central bright fringe is produced at point X. The closest dark fringes to point X are
produced at points Y and Z. The distance XY is 2.0mm.

(i) Explain why a bright fringe is produced at point X.

(ii) State the difference in the distances, in nm, from each slit to point Y.

distance = ..., nm [1]
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(iii) Calculate the distance D.

(iv) The intensity of the light passing through the two slits was initially the same. The intensity
of the light through one of the slits is now reduced. Compare the appearance of the
fringes before and after the change of intensity.

[Total: 10]
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172. 9702 _s15 qp 23 Q: 6

(a) Two overlapping waves of the same type travel in the same direction. The variation with
distance x of the displacement y of each wave is shown in Fig. 6.1.

3.0

y/cm

201

7
\
\
i
\
\

pd

1.0 .

L

™~

-1.0 N

[\

-2.0 -

Fig. 6.1

The speed of the waves is 240ms~'. The waves are coherent and produce an interference
pattern.

(i) Explain the meaning of coherence and interference.

[oT0] g 1Y (=1 Lol =S T

(ii) Use Fig. 6.1 to determine the frequency of the waves.

frEQUENCY = oo Hz [2]

STEMUP.CO.UK
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(iii) State the phase difference between the waves.
phase difference = ......ccccceeiiiii i ° 1]
(iv) Use the principle of superposition to sketch, on Fig. 6.1, the resultant wave. [2]

(b) An interference pattern is produced with the arrangement shown in Fig. 6.2.

B
[P
laser " §0.13mm A
S,---
85cm | screen

Fig. 6.2 (not to scale)

Laser light of wavelength A of 546 nm is incident on the slits S, and S,,. The slits are a distance
0.13mm apart. The distance between the slits and the screen is 85¢cm.

Two points on the screen are labelled A and B. The path difference between S;A and S,A is
zero. The path difference between S,B and S,B is 2.5 A. Maxima and minima of intensity of
light are produced on the screen.

() Calculate the distance AB.

distance = ... m [3]

(ii) The laser is replaced by a laser emitting blue light. State and explain the change in the
distance between the maxima observed on the screen.
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173.9702_wls_qp 22 Q: 7

An arrangement that is used to demonstrate interference with waves on the surface of water is
shown in Fig. 7.1.

wooden bar A
—{dipper
\ -
to d.c. power D =
SUpPlY -~ I
motor — |
dip | water
Do

Fig. 7.1 (view from above)

(a) Tyvo dippers D, and D, are connected to a motor and a d.c. power supply. Initially only D,
vibrates on the water surface to produce waves.

The variation with distance x from D, of the displacement y of the water at one instant of time
is shown in Fig. 7.2.

4.0
y/mm N

N

pd
N
pd

yd
N
AN

y.d

Fig.7.2
Using Fig. 7.2, determine

(i) the amplitude of the wave,

amplitude =

(i) the wavelength of the wave.

wavelength = ... mm [1]
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(b) The two dippers D, and D, are made to vibrate and waves are produced by both dippers on
the water surface.

(i) State and explain whether these waves are stationary or progressive.

....................................................................................................................................... [1]
(i) Explain why D, and D, are connected to the same motor.
....................................................................................................................................... [1]
(c) The points A and B on Fig. 7.1 are at the distances from D, and D, shown in Fig. 7.3.
DA D,A DB D,B
5.0cm 7.0cm 5.0cm 6.0cm
Fig. 7.3

State and explain the variation with time of the displacement of the water on the surface at
@ A
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174. 9702_wl15_qp 23 Q: 2

A signal generator is connected to two loudspeakers L, and L,, as shown in Fig. 2.1.

Ce
|
Be
I
signal |M
g A Jo——cro
generator |
o & Lo

L=

Fig. 2.1

A microphone M, connected to the Y-plates of a cathode-ray oscilloscope (c.r.0.), detects the
intensity of sound along the line ABC.

The distances L,A and L,A are equal.

The time-base of the c.r.o. is switched off.

The traces on the c.r.o. when M is at A, then at B and then at C are shown on Fig. 2.2, Fig. 2.3 and
Fig. 2.4 respectively.

1.0cm¢

M at A Mat B MatC
Fig. 2.2 Fig. 2.3 Fig. 2.4
For these traces, 1.0cm represents 5.0mV on the vertical scale.

(a) (i) Explain why coherent waves are produced by the loudspeakers.
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(ii) Use the principle of superposition to explain the traces shown with M at

1. A
....................................................................................................................................... [1]
2. B,
....................................................................................................................................... [1]
3. C.
....................................................................................................................................... [1]

(b) The sound emitted from L, and L, has frequency 500Hz. The time-base on the c.r.o. is
switched on.

The microphone M is placed at A.
On Fig. 2.5, draw the trace seen on the c.r.o.

On the vertical scale, 1.0cm represents 5.0mV. On the horizontal scale, 1.0cm represents
0.10ms.

1.0cmi

1.0cm

Fig. 2.5
3]
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9.3 Diffraction gratings

175.9702_m20 qp 22 Q:4

(a) For a progressive wave, state what is meant by:

U

the wavelength

(b) A beam of red laser light is incident normally on a diffraction grating.

U

(i)

Diffraction of the light waves occurs at each slit of the grating. The light waves emerging
from the slits are coherent.

Explain what is meant by:

1. diffraction

2. coherent.

The wavelength of the laser light is 650 nm. The angle between the third order diffraction
maxima is 68°, as illustrated in Fig. 4.1.

third order
1 diffraction maximum

laser light - . 6°

wavelength 650 nm

third order

diffraction diffraction maximum

grating

Fig. 4.1 (not to scale)
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Calculate the separation d between the centres of adjacent slits of the grating.

(ili) The red laser light is replaced with blue laser light.

State and explain the change, if any, to the angle between the third order diffraction
maxima.

[Total: 9]
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176. 9702_w20_qp_23 Q: 5

(a) A sound wave is detected by a microphone that is connected to a cathode-ray oscilloscope
(CRO). The trace on the screen of the CRO is shown in Fig. 5.1.

AY y \

y

/ AN

N 7 N

N
} .Ocm

fe—r]

1.0cm
Fig. 5.1

The time-base setting of the CRO is 2.0 x 105scm™.

(i) Determine the frequency of the sound wave.

frEQUENCY = oo Hz [2]

(ii) The intensity of the sound wave is now doubled. The frequency is unchanged. Assume
that the amplitude of the trace is proportional to the amplitude of the sound wave.

On Fig. 5.1, sketch the new trace shown on the screen. [2]
(iii) The time-base is now switched off.

Describe the trace seen on the screen.

STEMUP.CO.UK


https://stemup.co.uk

330 CHAPTER 9. SUPERPOSITION

(b) Abeam of light of a single wavelength is incident normally on a diffraction grating, as illustrated

in Fig. 5.2.
diffraction second order
grating ]
> 160 > zero order
light beam 16

second order

Fig. 5.2 (not to scale)

Fig. 5.2 does not show all of the emerging beams from the grating. The angle between the
second-order emerging beam and the central zero-order beam is 16°. The grating has a line
spacing of 3.4 x 10°%m.

(i) Calculate the wavelength of the light.

wavelength = ... m [2]

(ii) Determine the highest order of emerging beam from the grating.

highest order = ... [2]

[Total: 9]
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177. 9702 s19 _qp 22 Q: 4
(a) For a progressive water wave, state what is meant by:

(i) displacement

(b) Two coherent waves X and Y meet at a point and superpose. The phase difference between

the waves at the point is 180°. Wave X has an amplitude of 1.2cm and intensity I. Wave Y
has an amplitude of 3.6cm.

Calculate, in terms of I, the resultant intensity at the meeting point.

INTENSITY = ..o 2]

(c) (i) Monochromatic light is incident on a diffraction grating. Describe the diffraction of the
light waves as they pass through the grating.
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(i) A parallel beam of light consists of two wavelengths 540nm and 630nm. The light is
incident normally on a diffraction grating. Third-order diffraction maxima are produced for
each of the two wavelengths. No higher orders are produced for either wavelength.

Determine the smallest possible line spacing d of the diffraction grating.

(iii) The beam of light in (c)(ii) is replaced by a beam of blue light incident on the same
diffraction grating.

State and explain whether a third-order diffraction maximum is produced for this blue
light.

[Total: 11]
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178. 9702_w19_qp_23 Q: 5

(a) Light waves emerging from the slits of a diffraction grating are coherent and produce an
interference pattern.

Explain what is meant by:

(i) coherence

..................................................................................................................................... [1]
(ii) interference.

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

(b) A narrow beam of light from a laser is incident normally on a diffraction grating, as shown in

Fig. 5.1.

second order
maximum spot

zero order
maximum spot

N
L,
a

=]
W
T

laser
light

diffraction

grating second order

maximum spot

screen

Fig. 5.1 (not to scale)

Spots of light are seen on a screen positioned parallel to the grating. The angle corresponding
to each of the second order maxima is 51°. The number of lines per unit length on the
diffraction grating is 6.7 x 10°m~".

(i) Determine the wavelength of the light.

wavelength = ... m [2]
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(i) State and explain the change, if any, to the distance between the second order maximum

spots on the screen when the light from the laser is replaced by light of a shorter
wavelength.

[Total: 5]



https://stemup.co.uk

9.3. DIFFRACTION GRATINGS

179. 9702 _s18 qp 21 Q: 5

(@) When monochromatic light is incident normally on a diffraction grating, the emergent light
waves have been diffracted and are coherent.

Explain what is meant by

(i) diffracted waves,

(b) Light consisting of only two wavelengths A, and 4, is incident normally on a diffraction grating.
The third order diffraction maximum of the light of wavelength A, and the fourth order
diffraction maximum of the light of wavelength A, are at the same angle ¢ to the direction of
the incident light.

(i) Show that the ratio 22 is 0.75.

A
1
Explain your working.

(2]
(ii) The difference between the two wavelengths is 170nm.

Determine wavelength A,.

[Total: 5]
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180. 9702 w18 qp 22 Q: 5

Red light of wavelength 640 nm is incident normally on a diffraction grating having a line spacing
of 1.7 x 10~%m, as shown in Fig. 5.1.

diffraction N second order
grating
6/ first order
zero order
incident light first order
wavelength 640 nm

second order

Fig. 5.1 (not to scale)

The second order diffraction maximum of the light is at an angle 6 to the direction of the incident
light.

(@) Show that angle @is 49°.

(3]

(b) Determine a different wavelength of visible light that will also produce a diffraction maximum
at an angle of 49°,

wavelength = ... m [2]

[Total: 5]
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9.3. DIFFRACTION GRATINGS

181. 9702 _s17 qp 23 Q: 5

(a) A diffraction 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 & of the second
order maximum is measured for each wavelength. The variation with wavelength A of sin6is
shown in Fig. 5.1.

0.60

sing

0.50

0.40

0.30

0.20

0.10
300 350 400 450 500 550
Alnm

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

gradient = ... [2]

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

(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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9.3. DIFFRACTION GRATINGS

182. 9702 _s16_qp_22 Q: 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 131 2= T o USSR

(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 = ...........cccccoiiviiii e, mm~" [3]

[Total: 6]
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183. 9702 w16 _qp 21 Q: 5

(a) State what is meant by the diffraction of a wave.

(b) Laser light of wavelength 500 nm is incident normally on a diffraction grating. The resulting
diffraction pattern has diffraction maxima up to and including the fourth-order maximum.

Calculate, for the diffraction grating, the minimum possible line spacing.

line Spacing = ......cciciviiin i m [3]

(c) The light in (b) is now replaced with red light. State and explain whether this is likely to result
in the formation of a fifth-order diffraction maximum.

[Total: 7]
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9.3. DIFFRACTION GRATINGS

184. 9702 w16 _qp 23 Q:5

(a) State what is meant by the diffraction of a wave.

(b) Laser light of wavelength 500nm is incident normally on a diffraction grating. The resulting
diffraction pattern has diffraction maxima up to and including the fourth-order maximum.

Calculate, for the diffraction grating, the minimum possible line spacing.

liINe SPacCiNg = ...ccciiiiiiiiiiiii e m [3]

(c) The light in (b) is now replaced with red light. State and explain whether this is likely to result
in the formation of a fifth-order diffraction maximum.

[Total: 7]
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185. 9702 _s15 qp 21 Q: 6

(a) State what is meant by diffraction and by interference.

Lo 1111 7= 11 (o] o FERNUURTR T TR TTTR

(b) Light from a source S, is incident on a diffraction grating, as illustrated in Fig. 6.1.

diffraction
light drating
S, +& ———————— zero order

Fig. 6.1 (not to scale)

The light has a single frequency of 7.06 x 10'*Hz. The diffraction grating has 650 lines per
millimetre.

Calculate the number of orders of diffracted light produced by the grating. Do not include the

zero order.
Show your working.

(c) A second source S, is used in place of S;. The light from S, has a single frequency lower
than that of the light from 8,.

State and explain whether more orders are seen with the light from S,,.
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146. 9702_w20_qp 23 Q:1
Answer Mark
(@) wavelength =8.5x 105 m A1
(@)i) |f=v/iiorcii c1
=3.0x108/85x 107 (=3.5x 10'?) A1
=3.5THz
(a)(ii) infrared B1
(b) (implied) percentage uncertainty in I = 4% Cc1
Fi‘;’lplied) fractional uncertainty in I = 0.04
percentage uncertainty in E = 5% + (4% x 2) A1
=13%
147. 9702 _s20 _qp_22 Q: 4
Answer Mark
(a) progressive waves transfer energy B1
:lrationary waves do not transfer energy
(b)(i) |0.32m A1
(b)ii) |v=4/T c1
or
v=fland f=1/T
v =0.32/0.020 or 50x 0.32 A1
=16ms™
(b)(iiiy | 450° or 90° A1
(b)(iv) | (P has) maximum downward displacement at 0.005 s B1
returns to original position/point (at 0.010 s) B1
(c)i) (position where) zero amplitude B1
(e)ii) |2 A1
(c)ii) | 180° A1
(c)(iv) | string drawn between X and Y with one antinode midway along the string B1
148. 9702 w20 _qgp_ 21 Q: 6
Answer Mark
(@) the waves (of the same type) move in opposite directions and overlap B1
the waves have the same (speed and) frequency/wavelength B1
(b)) zero amplitude B1
(b)(ii) | distance =6.0x 4 A1
=24cm
(b)(iii) | 180° A1

STEMUP.CO.UK
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149. 9702 _ml18 qp 22 Q: 4

APPENDIX A. ANSWERS

Answer Mark
(a) (two) waves (travelling at same speed) in opposite directions overlap B1
(waves are same type and) have same frequency / wavelength B1
b)) |v=fz c1
f=330/0.18
= 1800 Hz (1830 Hz) A1
(b)) | T=1/1800 (=5.5x107%) c1
time-base setting = (1.5 x 5.5 x107*)/8.0 or 1/(1800 x 5.3)
=1.0x10*scm™ A1
(b)(iii) waveform drawn with same period as original waveform B1
waveform drawn with amplitude of 1.7 cm B1
(e)(i) |distance =2/2=0.18/2 A1
=0.090m
Answer Mark
(e)(iiy letter N shown at level B and at level A and not anywhere else. B1
(c)iii) | m= pAx py
=0.79 x 13 x 9.0 (=92.4) or 790 x 13x10™* x 0.090 (=0.0924)
t =924/6.7 or 0.0924 /0.0067
=14s A1
150. 9702_s18_qp_22 Q: 4
Answer Mark
(a)(i) distance moved by wavefront/energy during one cycle/oscillation/period (of source) B1
:1rinimum distance between two wavefronts
ccl)irstance between two adjacent wavefronts
(a)(ii) (position where) maximum amplitude B1
(b)i) |1=4x0.045 c1
(=0.18 (m) or 18 (cm))
v =fl c1
f =340/0.18 A1
= 1900 Hz
(b)(ii) distance = /2 c1
(=0.09 (m) or 9 (cm))
time = 0.09/0.0075 A1
=12s
or
t=4.5/0.75 and t=13.5/0.75 (c1)
time=18-6 (A1)
=12s

STEMUP.CO.UK
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151. 9702_w18 qp 23 Q: 4

583

Answer Mark
(a) graph with x-axis labelled ‘distance’ and wavelength/A correctly shown B1
graph with x-axis labelled ‘time’ and period/T correctly shown B1
graph with y-axis labelled ‘displacement’ and amplitude/A correctly shown B1
(b)) wave (moves along string and) reflects at fixed point/Y/X/end/wall/boundary B1
the incident and reflected waves interfere/superpose B1
(b)(ii) 100/40 or 2.5 (cycles/periods/T) c1
1. displacement =0 B1
2. distance = 130mm A1
(b)iii) [ 1. F=1/40x 107 A1
=25Hz
2. v=fior A=vT c1
A=30/25 or 30x40x 107 (=1.2m) c1
distance =1.2x1.5 A1
=1.8m
152. 9702_s17_qp_ 21 Q: 4
Answer Mark
(a) (two) waves travelling (at same speed) in opposite directions overlap B1
waves (are same type and) have same frequency/wavelength B1
(b)(i) A=12/250 (= 0.048 m) c1
distance = 1.5 x 0.048 A1
=0.072m
(b)(ii) T=1/250 c1
=0.004 (s) or 4 (ms)
1. curve drawn is mirror image of that in Fig. 4.2 and labelled P A1
2. horizontal line drawn between A and B and labelled Q A1

STEMUP.CO.UK
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153. 9702 w17 qp 21 Q: 3

APPENDIX A. ANSWERS

Answer Mark
(@)(i) in a stationary wave energy is not transferred B1
icr)1ra progressive wave energy is transferred
(a)i in a stationary wave (adjacent) particles are in phase B1
i(:1ra progressive wave (adjacent) particles are out of phase/have a phase difference/not in phase
(b)(i) (position where) maximum amplitude B1
(b)(ii) | distance =0.10m B1
(b)(ii) |1. A =0.80/15 A1
=040m
2. v=f1 c1
f =340/0.40 A1
=850Hz
(b)(iv) | 2=2x0.600ri =3x0.40 or f=850/3 c1
f=280 (283)Hz A1
154. 9702_wl17 qp 22 Q: 4
Answer Mark
(@) (two) waves travelling (at same speed) in opposite directions overlap B1
waves (are same type and) have same frequency/wavelength B1
(b)(i) 5 A1
(b)ii) | T=1/40(=25x%1072) c1
time taken =2.5x 107/2 A1
=1.3x107s (1.25 x 107°s)
(b)(ii) | 180° A1
(b)iv) |v=f1 c1
A=2.0/25(=0.80m) A1
v=0.80 x40
=32ms™
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155. 9702_s16_qp_23 Q: 7

(@) (i)

alter distance from vibrator to pulley
alter frequency of generator
(change tension in string by) changing value of the masses

585

any two B2 [2]
(ii) points on string have amplitudes varying from maximum to zero/minimum B1 [1]
(b) (i) 60°ormn/3rad Al 1]
(ii) ratio =[3.4/2.2] C1
=24 (2.39) Al [2]
156. 9702_s15_qp_22 Q: 6
(a) progressive waves transfer/propagate energy and stationary waves do not B1
amplitude constant for progressive wave and varies (from max/antinode to
min/zera/node) for stationary wave B1
adjacent particles in phase for stationary wave and out of phase for progressive
wave (B1) [2]
(b) (i) wave/microwave from source/S reflects at reflector/R B1
reflected and (further) incident waves overlap/meet/superpose B1
waves have same frequency/wavelength/period and speed (so stationary
waves formed) B1 [3]
(ii) detector/D is moved between reflector/R and source/S (or v.v.) B1
maximum, minimum/zero, (maximum... etc.) observed on
meter/deflections/readings/measurements/recordings B1 [2]
(ili) determine/measure the distance between adjacent minima/nodes or
maxima/antinodes or across specific number of nodes/antinodes B1
wavelength is twice distance between adjacent nodes/minima or maxima/
antinodes (or other carrect method of calculation of wavelength from
measurement) B1 [2]
(c) v=1fa C1
f=3.0x10%/(2.8 x 107)[= 1.07 x 10"°Hz] C1
11 (10.7)GHz A1 [3]



https://stemup.co.uk

586 APPENDIX A. ANSWERS

157. 9702 w15 _qp 21 Q: 5

(a) progressive: all particles have same amplitude

stationary: no nodes or antinodes or maximum to minimum/zero amplitude B1
progressive: adjacent particles are not in phase
stationary: waves particles are in phase (between adjacent nodes) B1 [2]
(b) (i) wavelength 1.2m (zero displacement at 0.0, 0.60m, 1.2m, 1.8 m, 2.4m)
either peaks at 0.30m and 1.5m and troughs at 0.90m and 2.1 m
or vice versa (but not both) B1
maximum amplitude 5.0 mm B1 [2]
(i) 180° or nrad A1 1]
(iii) att = 0 particle has kinetic energy as particle is moving B1
att = 5.0ms no kinetic energy as particle is stationary
so decrease in kinetic energy (between t= 0 and f =5.0ms) B1 [2]
158. 9702 _wi5_qp_23 Q: 6
(a) waves from loudspeaker (travel down tube and) are reflected at closed end B1
two waves (travelling) in oppasite directions with same frequency/wavelength
overlap B1 [2]
(b) (i) 0.51m A1l
0.85m Al [2]
(if) A at open end, N at closed end, with an N and A in between, equally spaced
(by eye) B1 []

159. 9702 s20 qp 21 Q: 4

Answer Mark
(a)(i) vibrations (of particles) are parallel to direction of energy propagation B1
(a)(ii) | waves meet/overlap (at a point) B1
(resultant) displacement is sum of individual displacements B1
(b)i) |A =ax/D c1
=(3.7x10%x4.3x1079)/2.3 c1
=6.9x 107 (m) A1

=690 nm
(b)(ii) | no change to fringe separation/fringe width/number of fringes B2

* bright fringes are darker
* dark fringes are brighter

Any two marking points, 1 mark each
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160. 9702 _s20 qp 23 Q: 4

587

Answer Mark
(a)(i) frequency or period B1
(a)(ii) amplitude B1
(b) constant phase difference so coherent B1
(c) 120° B1
(d) resultant displacement =4.0 ym—1.0um B1
=3.0um
(e) |I=A2 c1
intensity of Z = (22/42) I A1
=0251
U] v=AIT c1
or
v=fl and f=1/T
330=4/3.0x 1073 c1
A=099m A1
161. 9702_w20_qp 22 Q: 5
| Answer Mark
(a) v=Ffl or c=1A C1
f=3.0x 10%/0.040 Cc1
=7.5x%10%(Hz) A1
=7.5GHz
(b)(i) path difference = 0.020m A1
(b)(ii) phase difference = 180° A1
(c) (intensity) increases Cc1
(intensity) increases by a factor of 4 A1
(d)(i) minimum moves closer to the maximum B1
3;crease in separation of maximum and minimum
(d)(ii) the maximum and minimum exchange places B1

or
the maximum becomes a minimum and the minimum becomes a maximum

STEMUP.CO.UK



https://stemup.co.uk

588

162. 9702_m19 qp 22 Q: 5

APPENDIX A. ANSWERS

Answer Mark
(@)(i) (two) waves meet/overlap (at a point) B1
(resultant) displacement is sum of the displacement of each wave B1
(a)(ii) constant phase difference (between the waves) B1
(b) TxA? c1
3[/I=(A+152/152
A=11cm A1
(e)i) |A=ax/D c1
eg.a=680x10°x2.0/4.0x 103 c1
a=34x10"%m A1
(e)(ii) straight line from positive value on x-axis and always below ‘old’ line B1
straight line with a smaller positive gradient than ‘old’ line B1
163. 9702 s19 _qp 21 Q:5
Answer Mark
(@ | 1. Na B1
2. N/f B1
(a)i) | v (=distance/time)= NA/(N/f) so v=1fi B1
(b) T=4.0x0.20=0.80(ms) or 8.0 x 10(s) c1
f =1/8.0x10* A1
=1300Hz
(c)(i) constant phase difference (between the waves) B1
(e)(ii) 180° A1
(c)iii) path difference =21 or S;Y - S)Y =24 Cc1
distance =7.40 +(0.85 x 2) A1
=9.1m
164. 9702 w19 _qp_21 Q: 5
Answer Mark
(a)() the dippers are connected to the same vibrator/motor B1
(a)(ii) (the overlapping waves have) similar/same amplitude B1
(b) any means of ‘freezing’ the pattern e.g. use a stroboscope/strobe B1
(c) vT=21 c1
or
v=fiand f=1/T
T =0.060/0.40 A1
=0.15s
(d)(i) | path difference = 3.0 cm AM
(d)(ii) phase difference = 180° A1
(e) :ine :.I:‘awn Jjoining points where only maxima are observed (i.e. through points where wavefronts intersect) of length at B1
east 4 cm

STEMUP.CO.UK
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589

Answer Mark
@)i) time for one oscillation/one vibration/one cycle B1
:i):ne between adjacent wavefronts/points in phase
zrrmrtest time between two wavefronts/points in phase
(a)ii) distance moved by wavefront/energy during one cycle/oscillation/period (of source) B1
;rinimum distance between two wavefronts
girslance between two adjacent wavefronts
;rinimum distance between two points having the same displacement and moving in the same direction
(b)(®) v=A4/Tor v=fiand f=1/T c1
A =20x0.60 A1
=12cm
(b)(ii) | phase difference =360° x (0.20/0.60) or 360° x (0.40/0.60) A1
=120° or 240°
(b)(iii) | Ioc A? c1
Io/ls =AQ% AR A1
=2.0%3.07
=044
(b)(iv) displacement = 1.00 —3.00 A1
=-2.00mm
166. 9702 s18 qp 23 Q: 5
Answer Mark
(@) intensity « (amplitude)? B1
(b)(i) v=Ffl or c=f2 c1
f =3.00x10°/0.060 A1
=5.0x10°Hz
(b)(ii) (at X path) difference =324 M1
(at X phase) difference =0 or 1080° M1
so intensity is at a maximum/it is an intensity maximum A1
(b)(iii) 1. decrease in the distance between (adjacent intensity) maxima/minima B1
2. (intensity) maxima and minima exchange places B1
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167. 9702_ w18 qp 21 Q: 4

APPENDIX A. ANSWERS

Answer Mark
(a) when (two or more) waves meet (at a point) B1
(resultant) displacement is the sum of the individual displacements B1
(b)) constant phase difference (between the waves) B1
(b)(ii) 1. phase difference =360° or 0 B1
2. path difference =1.51 A1
=1.5x610
=920nm
(b)iii) | A=ax/D c1
Xx=22/4(=55mm) or 22 x 10°/4 (=5.5 x 10°m) c1
a= (610 x 107 x 2.7)/(5.5 x 107%) A1
=3.0x10*m
(b)(iv) shorter wavelength and (so) separation decreases B1
(b)(v) + no change to fringe separation/fringe width/number of fringes B2
e  bright fringes are brighter
e dark fringes are unchanged
Any two of the above three points, 1 mark each.
168. 9702 s17_qp 22 Q: 6
Answer Mark
(a)(i) waves at (each) slit/aperture spread B1
(into the geometric shadow) wave(s) overlap/superpose/sum/meet/intersect B1
(a)(ii) there is not a constant phase difference/coherence (for two separate light source(s)) B1
\?v;vesflight from the double slit are coherent/have a constant phase difference
(b) x=AD/a c1
2 =(36x 107 x 0.48 x 107)/(16 x 2.4) c1
=45x10"m A1
(c)(i) no movement of the water/water is flat/no ripples/disturbance B1
the path difference is 2.5 or the phase difference is 900° or 5= rad B1
(c)(ii) 1. surface/water/P vibrates/ripples B1
:g?waves from the two dippers) arrive in phase
2. surfacefwater/P vibrates/ripples B1
:zt:mplitudesldisplacements are no longer equal/do not cancel
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169. 9702 _ml16 qp 22 Q:4

(a) (i) Displacement of particles perpendicular to direction of energy propagation B1
(ii) waves meet/overlap (at a point) B1
(resultant) displacement is sum of the individual displacements B1
(b) (i) A=vT or A=vilfand f=1/T C1
A=40x%x15
A2=6.0(cm) A1l
(ii) path difference [= (44cm —29cm)/6cm] =2.54 M1
either waves have path difference = (n + 2)1
or waves have phase difference = 180° M1
so destructive interference A1l
(e) (i) intensity « (amplitude)? C1
ratio = (0.60%/0.90%) = 0.44 A1
(ii) phase difference = 90° A1l

170. 9702 s16_qp 21 Q:5
(a) T=4(ms)or4x107(s) C1

f =1/T=1/0.004

=250Hz Al [2]
(b) intensity oc (amplitude)’ and amplitude = 2.8 (2.83)(cm) B1
curve with same period and with amplitude 2.8cm B1
curve shifted 1.0ms to left or to right of wave X B1 [3]
(¢) (i) gradient=(4.5-2.4)x 107°/(3.25-1.75)[= 1.4 x 1079 B1
wavelength = 0.45x 107 x 1.4 x 107 C1
=6.30 x 107 (m) C1
=630nm Al [4]
(ii) (gradient is equal to 1/a therefore) gradient of line is reduced B1

value of x will be reduced for all values of D
or new line is completely below old line
or intercept is less B1 [2]
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171. 9702_w16_qp 22 Q: 4

(a) wave incident on/passes by or through an aperture/edge B1
wave spreads (into geometrical shadow) B1 [2]
(b) (i) waves (from slits) overlap (at point X) B1

path difference (from slits to X) is zero/
phase difference (between the two waves) is zero
(so constructive interference gives bright fringe) B1 [2]

(ii) difference in distances = A/2 =3580/2

=290nm A1 1]
(iiiy i=ax/D C1
D =[0.41x10x (2 x 2.0 x 107%)]/580 x 107° C1
=2.8m A1l [3]

(iv) same separation/fringe width/number of fringes
bright fringe(s)/central bright fringe/(fringe at) X less bright
dark fringe(s)/(fringe at) Y/(fringe at) Z brighter
contrast between fringes decreases

Any two of the above four points, 1 mark each B2 [2]

172. 9702 _s15 qp 23 Q: 6

(a) (i) coherent: constant phase difference B1

interference is the (overlapping of waves and the) sum of/addition of

displacement of two waves B1 2]
(i) wavelength = 3.2m (allow £ 0.05m) M1
f(=viA=240/3.2)=75Hz A1 [2]
(iii) 90° (allow = 2°) or n/2 rad A1l 1]
(iv) sketch has amplitude 3.0+ 0.1cm M1
correct displacement values at previous peaks to produce correct shape A1 2]
(b) (i) A=ax/D C1
x=(546 x 10 x 0.85)/0.13 x 107 (=3.57 x 10°m) C1
AB =8.9(8.93)x10°m A1 [3]

(if) shorter wavelength for blue light so separation is less B1 [1]



https://stemup.co.uk

593

173.9702_wls_qp 22 Q: 7
(a) (i) 3.2mm A1 [1]

(i) 20mm Al 1]

(b) (i) energy is transferred/propagated (through the water) or wave

profile/wavefronts move (outwards from dipper) so progressive B1 [1]
(ii) to produce waves with constant/zero phase difference/coherent waves B1 [1]
(c¢) (i) path differenceis 1 B1
water vibrates/oscillates with amplitude about 2 x 3.2 mm B1 [2]
(ii) path difference is 1/2 so little/no motion/displacement/amplitude B1 [1]

174. 9702_wl15_qp 23 Q: 2
(a) (i) (the loudspeakers) are connected to the same signal generator B1 [1]

(ii) 1. the waves (that overlap) have phase difference of zero or path difference
of zero and so
either constructive interference
or displacement larger B1 [1]

2. the waves (that overlap) have phase difference of (n + 2) x 360° or
(n + %) x 2r rad or path difference of (n + ¥2)4 and so
either destructive interference
or displacements cancel/smaller B1 [1]

3. the waves (that overlap) are in phase or have phase difference of n360°
or 2znn rad or path difference of n1 and so
either constructive interference

or displacement larger B1 [1]
(b) time period = 0.002s or 2ms C1
wave drawn is half time period B1

amplitude 1.0cm (same as Fig. 2.2) B1 [3]
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175.9702_m20 qp 22 Q: 4

APPENDIX A. ANSWERS

Answer Mark
@)(i) distance moved by wavefront/ energy during one cycle / vibration / oscillation / period (of source) B1
c‘mrinimum distance between two wavefronts
girstance between two adjacent wavefronts
(a)(ii) maximum displacement (of particle / point on wave) B1
(b)(i) 1 light/waves spread (at each slit) B1
2 constant phase difference (between light / waves) B1
(b)i)) | nA=dsing c1
d =3 x650x 107%/sin34° c1
d=35%x10%m A1
(b)(iii) wavelength of blue light is shorter (than 650 nm/red light) M1
so angle (between third order diffraction maxima) decreases A1
176. 9702_w20_qp_23 Q: 5
| Answer Mark
(a)(i) T=20x10%x6.0 (=1.2x10*s) c1
f=1/(2.0x105x6.0) A1
=8300Hz
(a)ii) new trace shows the same period B1
new trace shows amplitude of 10 small squares B1
(a)(iii) (trace is a) vertical line B1
(b)) | ni=dsing o1
A=(3.4x 10 x sin 16°)/2 A1
=47x107"m
(b)(ii) n=34x10° (xsin 90°)/4.7x 107 or 2 (xsin 90°)/sin 16° c1
(=7.20r7.3)
highest order =7 A1

STEMUP.CO.UK
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Answer Mark
@)(i) distance (in a specified direction of particle/point on wave) from the equilibrium position B1
(a)(ii) the maximum distance (of particle/point on wave) from the equilibrium position B1
or
the maximum displacement (of particle/point on wave)
(b) I A2 c1
In/I=(3.6-1.2)%/(1.2) A1
resultant intensity = 4.0
(e)(i) as wave(s) pass through the slit(s) B1
wave(s) spread (into geometric shadow) B1
©)ii) |ni =dsing c1
31 =dsin90° or 3i=d c1
d =3x630x107° A1
=1.9x10%m
(c)(iii) wavelength of blue light is shorter (than 540 nm/630 nm/wavelengths of original light) M1
(so) third order diffraction maximum is produced A1
178.9702_w19 qp_23 Q: 5
Answer Mark
(a)(i) (coherence means) constant phase difference (between waves) B1
(a)(ii) (interference is) the sum/addition/combination of the displacements of overlapping/meeting waves B1
(b)(i) nl=dsing Cc1
A =sin51°/(2 x 6.7 x 105) A1
=58x10"m
(b)ii) smaller angle (corresponding to second order maxima and so) shorter distance (between second order maxima spots) B1
179. 9702 s18 qp 21 Q: 5
Answer Mark
(a)(i) waves spread at (each) slit/gap B1
(a)ii) constant phase difference (between (each of) the waves) B1
(b)(i) ni=dsiné B1
dsin @ is the same and 32, =44, so A/ 4, =075 A1
(b)ii) | /4 =0.75and 41— 4, =170 A1
A1=680nm

STEMUP.CO.UK
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596 APPENDIX A. ANSWERS
180. 9702 w18 qp 22 Q: 5
Answer Mark
(a) ni=dsiné c1
A=640 x 107 (m) c1
2x640x10°=17 x 10° x sin8 so 6=49(°) A1
(b) 2x640x10°=3x 1 c1
or
17x10%xsin49°=3x 4
A=43x107"m A1l
181. 9702 _s17 qp_23 Q: 5
Answer Mark
(a)(i) waves at the elements/slits B1
waves spread (into the geometric shadow) B1
(a)(ii) 1. waves (from each element/slit) overlap/meet/superpose B1
with a phase difference/path difference of zero B1
2. phase difference is 360°/path difference of A B1
(b)) | e.g. gradient = (0.40 — 0.32)/[(500 — 400) x 10~°] c1
=8(.0) x 10° A1
(b)(ii) | dsing=nn c1
d =n/gradient
=2/8.0x10°=25x10%m A1
(b)(iii) straight line drawn with lower gradient (about %2) and all points lower B1
182. 9702 s16_qp 22 Q:5
(a) diffraction: spreading/diverging of waves/light (takes place) at (each) slit/
element/gap/aperture B1
interference: overlapping of waves (from coherent sources at each element) B1
path difference A/phase difference of 360(°)/2r (produces the first order) B1 [3]
(b) dsind=ni or sind=Nni C1
d=(2x 486 x 107%)/sin 29.7° (= 1.962 x 107) C1
number of lines = 510 (509.7) mm™" A1 [3]
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(a) wave incident on/passes by or through an aperture/edge B1

wave spreads (into geometrical shadow) B1 [2]
(b) ni=dsing C1

substitution of &=90° or sing=1 C1

4 x 500 x 107 = d x sin90°

line spacing = 2.0 x 10°m Al [3]
(c) wavelength of red light is longer (than 500 nm) M1

(each order/fourth order is now at a greater angle so) the fifth-order maximum

cannot be formed/not formed Al [2]

184. 9702 w16 qp 23 Q: 5

(a) wave incident on/passes by or through an aperture/edge B1

wave spreads (into geometrical shadow) B1 [2]
(b) nA=dsing C1

substitution of &= 90° or sing=1 C1

4 x 500 x 10~ = d x sin90°

line spacing = 2.0 x 10°m Al [3]
(c) wavelength of red light is longer (than 500 nm) M1

(each order/fourth order is now at a greater angle so) the fifth-order maximum

cannot be formed/not formed Al [2]
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185. 9702 _s15 qp 21 Q: 6

APPENDIX A. ANSWERS

(a) diffraction is the spreading of a wave as it passes through a slit or past an edge B1

when two (or more) waves superpose/meet/overlap

resultant displacement is the sum of the displacement of each wave

(b) ni=dsinfandv="fi

max order number for &= 90°
hence n (= f/vN) = 7.06 x 10™/(3 x 10% x 650 x 10%)

n=36

hence number of orders = 3

(c) greater wavelength so fewer orders seen

M1
A1

C1

M1

A1l

A1l

(3]

(3]

(1]

186. 9702 _ml17 qp 22 Q: 5

Answer Mark
(a) to the right/from the left/from A to B/in the same direction as electron velocity B1
(b) vi=u?+2as c1
a=(15x10")/(2x2.0x107%)
Other alternative calculations for the C1 mark:
e.g.a=1.5x10"/2.67x107°
e.g. a=[(1.5x10" x 2.67x107%) — 2.0x1072] x [2/(2.67x107°)]
e.g.a=(2.0x1072x 2)/(2.67x107°)
=56x10°ms™ A1
(c) E=FIQ c1
=(9.1x10>'x 5.6 x 10'%)/1.6 x 107" c1
=32x10'vm™ A1
() straight line with negative gradient starting at an intercept on the v-axis and ending at an intercept on the t-axis. B1
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1 The diagram shows an experiment which has been set up to demonstrate two-source interference,
using microwaves of wavelength A. 9702/1/M/J/02/Q28

microwave microwave
transmitter metal plate detector
with two slits

The detector is moved from O in the direction of the arrow. The signal detected decreases until the
detector reaches the point X, and then starts to increase again as the detector moves beyond X.

Which equation correctly determines the position of X?
A OX=212 B OX=2A C SX-8X=12 D SX-SX=1

2 Two progressive waves of frequency 300 Hz are superimposed to produce a stationary wave in
which adjacent nodes are 1.5m apart. 9702/1/MIU102129
What is the speed of the progressive waves?
A 100ms™ B 200ms™ C 450ms™ D 900ms™

3 Coherent monochromatic light illuminates two narrow parallel slits and the interference pattern

that results is observed on a screen some distance beyond the slits. 9702/1/0/N/02/Q28
Which change increases the separation between the dark lines of the interference pattern?

using monochromatic light of higher frequency

B using monochromatic light of a longer wavelength
C decreasing the distance between the screen and the slits
D increasing the distance between the slits

4 Monochromatic light of wavelength 590 nm is incident normally on a diffraction grating. The angle
between the two second-order diffracted beams is 43°. 9702/1/0/N/102/029

What is the spacing of the lines on the grating?

A 0.87um B 1.6um C 1.7um D 32um

Superposition
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5 The graph represents a stationary wave at two different times. 9702/01/MIJ103/Q24

A
displacement

-
-

distance along
the wave

What does the distance XY represent?

half the amplitude

B half the frequency
C half the period
D half the wavelength

6 A diffraction grating is used to measure the wavelength of monochromatic light, as shown in the
d iag ram. 9702/01/M/J/03/Q28

grating — |

monochromatic % 70.0°

light

The spacing of the slits in the grating is 1.00 x 108 m. The angle between the first order diffraction
maxima is 70.0°.

What is the wavelength of the light?

A 287nm B 470nm C 574nm D 940nm

7 When the light from two lamps falls on a screen, no interference pattern can be obtained.
9702/01/M/J/03/Q27

Why is this?

The lamps are not point sources.

B The lamps emit light of different amplitudes.
C The light from the lamps is not coherent.
D The light from the lamps is white.

Superposition
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8 A stationary sound wave has a series of nodes. The distance between the first and the sixth node

is 30.0cm. 9702/01/0/N/03/Q24

What is the wavelength of the sound wave?

A 50cm B 6.0cm C 10.0cm D 12.0cm

9 Which of the following may be used to produce stationary waves? 9702/01/0/IN/03/Q26

blowing air over the top of an empty bottle

making a loud sound near a mountain

(@)

passing monochromatic light through a double slit

O

passing water waves through a narrow slit

10 In an interference experiment, two slits are illuminated with white light. 9702/01/0/N/03/Q27

white light

source

slits screen

What is seen on the screen?

The central fringe is black with black and white fringes on each side.

B The central fringe is black with coloured fringes on each side.
C The central fringe is white with black and white fringes on each side.
D The central fringe is white with coloured fringes on each side.

11 Microwaves of wavelength 3.00cm are incident normally on a row of parallel metal rods. The
separation of the rods is 8.00 cm. The first order diffraction maximum is observed at an angle of
22.0° to the direction of the incident waves. 9702/01/0/N/03/Q28

What is the angle between the first and second order diffraction maxima?

A 220° B 26.6° C 440 D 48.56°

12 The lines of a diffraction grating have a spacing of 1.6 x 10° m. A beam of light is incident
normally on the grating. The first order maximum makes an angle of 20 ° with the undeviated

beam. 9702/01/M/J/04/Q28
What is the wavelength of the incident light?
A 210nm B 270nm C 420nm D 550nm

Superposition
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13 The diagram represents a stationary wave on a stretched string. 9702/01/0/N/04/Q27

What is represented by point P and by the length x?

point P length x
A antinode one wavelength
B antinode two wavelengths
C node one wavelength
D node two wavelengths

14 Fringes of separation y are observed on a screen 1.00 m from a Young’s slit arrangement that is
illuminated by yellow light of wavelength 600 nm. 9702/01/0/N/04/Q28

At which distance from the slits would fringes of the same separation y be observed when using
blue light of wavelength 400 nm?

A 0.33m B 0.67m C 0.75m D 1.50m

15 T is a microwave transmitter placed at a fixed distance from a flat reflecting surface S.
S 9702/01/M/J/05/Q27

A small microwave receiver is moved steadily from T towards S and receives signals of alternate
maxima and minima of intensity.

The distance between successive maxima is 15 mm.

What is the frequency of the microwaves?
A 1.0x10"Hz
B 20x10"Hz
C 1.0x10"Hz
D 2.0x10"Hz

16 A narrow beam of monochromatic light is incident normally on a diffraction grating. Third-order
diffracted beams are formed at angles of 45° to the original direction. 9702/01/0/N/07/Q25

What is the highest order of diffracted beam produced by this grating?
A 3rd B 4th C b5th D 6th

Superposition
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18

19

20

A sound wave is set up in a long tube, closed at one end. The length of the tube is adjusted until
the sound from the tube is loudest.

What is the nature of the sound wave in the tube?

A longitudinal and progressive
B longitudinal and stationary

C transverse and progressive
D

transverse and stationary

A teacher sets up the apparatus shown to demonstrate a two-slit interference pattern on the
screen. 9702/01/M/J/05/Q28

double screen

ing|
sing'e slit

slit

source
of light q]

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

decreasing the distance p

B decreasing the distance q
C decreasing the distance r
D decreasing the wavelength of the light

A parallel beam of white light is incident normally on a diffraction grating. It is noted that the
second-order and third-order spectra partially overlap. 9702/01/M/J/05/Q29

Which wavelength in the third-order spectrum appears at the same angle as the wavelength of
600 nm in the second-order spectrum?

A 300nm B 400nm C 600nm D 900nm

Light of wavelength 700 nm is incident on a pair of slits, forming fringes 3.0 mm apart on a screen.

What is the fringe spacing when light of wavelength 350 nm is used and the slit separation is
doubled? 9702/01/0/N/05/Q28

A 0.75mm B 1.5mm C 3.0mm D 6.0mm

Superposition

9702/01/M/J/05/Q26
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23

24

6
The graph represents a standing wave at two different times. 9702/01/0/N/05/Q26

4 -7 AN
/ \
X ’ Y \
N .
. ,’\/\ distance along
AR *«_ the wave

What does the distance XY represent?

A
displacement

A half the amplitude
B half the frequency
C half the period
D

half the wavelength

In which situation does diffraction occur? 9702/01/0/N/05/Q27

A A wave bounces back from a surface.

B A wave passes from one medium into another.
C A wave passes through an aperture.
D

Waves from two identical sources are superposed.

Where, in a standing wave, do the vibrations of the medium occur? 9702/01/M/J/06/Q26
A only at the nodes

B only at the antinodes

C at all points between the nodes

D

at all points between the antinodes

Monochromatic light is incident on a diffraction grating and a diffraction pattern is observed.

Which line of the table gives the effect of replacing the grating with one that has more lines per

metre? 9702/01/M/J/06/Q27
number of orders of angle between first and
diffraction visible second orders of diffraction
A decreases decreases
B decreases increases
C increases decreases
D increases increases

Superposition
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26

27

7

A double-slit interference experiment is set up as shown. 9702/01/M/J/06/Q28
*
red
light
source
single double screen
slit slit
not to scale

Fringes are formed on the screen. The distance between successive bright fringes is found to be
4 mm.

Two changes are then made to the experimental arrangement. The double slit is replaced by
another double slit which has half the spacing. The screen is moved so that its distance from the
double slit is twice as great.

What is now the distance between successive bright fringes?

A 1mm B 4mm C 8mm D 16mm

Continuous water waves are diffracted through a gap in a barrier in a ripple tank. 9702/01/0/N/06/Q26

Which change will cause the diffraction of the waves to increase?
A increasing the frequency of the waves

B increasing the width of the gap

C reducing the wavelength of the waves

D

reducing the width of the gap

The interference patterns from a diffraction grating and a double slit are compared.  9702/01/0/N/06/Q27

Using the diffraction grating, yellow light of the first order is seen at 30° to the normal to the
grating.

The same light produces interference fringes on a screen 1.0 m from the double slit. The slit
separation is 500 times greater than the line spacing of the grating.

What is the fringe separation on the screen?
A 25x10'm
B 1.0x10°m
C 1.0x10°m
D 1.0x10"'m

Superposition
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30

31

8
What may be used to produce stationary waves? 9702/01/0/N/06/Q28

A blowing air over the top of an empty bottle

B making a loud sound near a mountain

C passing monochromatic light through a double slit
D

passing water waves through a narrow slit

The diagram represents a stationary wave on a stretched string. 9702/01/M/J/07/Q25

What is represented by point P and by the length x?

point P length x
A antinode one wavelength
B antinode two wavelengths
C node one wavelength
D node two wavelengths

A two-slit arrangement is set up to produce interference fringes on a screen. The fringes are too
close together for convenient observation when a monochromatic source of violet light is used.

9702/01/M/J/07/Q26
In which way would it be possible to increase the separation of the fringes?

A Decrease the distance between the screen and the slits.
B Increase the distance between the two slits.

C Increase the width of each slit.
D

Use a monochromatic source of red light.

Monochromatic light illuminates two narrow parallel slits. The interference pattern which results is
observed on a screen some distance beyond the slits. 9702/01/0/N/07/Q24

Which change increases the separation between the dark lines of the interference pattern?
A decreasing the distance between the screen and the slits

B increasing the distance between the slits

C using monochromatic light of higher frequency

D

using monochromatic light of longer wavelength

Superposition
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32 A stationary longitudinal wave is set up in a pipe. 9702/01/M/J/07/Q27

In the diagrams below, the length of each arrow represents the amplitude of the motion of the air
molecules, and the arrow head shows the direction of motion at a particular instant.

Which diagram shows a stationary wave in which there are two nodes and two antinodes?

A B Cc D

-

—_- — — ——

—_. — —— — > > @ +— < < <
— — —— —>—> > e

P - — —— —— ———— — — - - -

le—— — — «— — - 0 —-

33 Sound waves, emitted by a small loudspeaker, are reflected by a wall. 9702/01/M/J/08/Q27

The frequency f of the waves is adjusted until a stationary wave is formed with the antinode
nearest the wall at a distance x from the wall.

Which expression gives fin terms of x and the speed of sound ¢?

34 A diffraction grating hasN lines per unit length and is placed at 90° to monochromatic light of
wavelength A. 9702/01/M/J/08/Q28

What is the expression for 6, the angle to the normal to the grating at which the third order
diffraction peak is observed?

34

NA  p sing= 34
N

A sind=—— B sing=3N1 C sing=NA
3NA 3

35 Light of wavelength 700 nm is incident on a pair of slits, forming fringes 3.0mm apart on a screen.

What is the fringe spacing when light of wavelength 350 nm is used and the slit separation is
doubled? 9702/01/M/J/08/Q29

A 0.75mm B 1.5mm C 3.0mm D 6.0mm

Superposition
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36 T is a microwave transmitter placed at a fixed distance from a flat reflecting surface S.

37

S

9702/01/0/N/08/Q27

A small microwave receiver is moved from T towards S and receives signals of alternate maxima
and minima of intensity.

The distance between one maximum and the next is 15mm.

What is the frequency of the microwaves?

A

B
C
D

The diagram shows two loudspeakers producing sound waves that are in phase.

1.0 x 10"Hz
2.0 x 10"Hz
1.0 x 10"Hz
2.0 x 10"Hz

X
loud
_£<] quiet
A
L
d < > |loud
Y
—£<] quiet
loudspeakers
loud
Y

9702/01/0/N/08/Q28

As a student moves from X to Y, the intensity of the note she hears is alternately loud and quiet.

The distance between adjacent loud and quiet regions may be reduced by

A

B
C
D

decreasing distance d.
increasing distance L.
decreasing the amplitude.

increasing the frequency.

Superposition
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38 Diffraction is the name given to the 9702/01/M/J/09/Q22

A addition of two coherent waves to produce a stationary wave pattern.

B bending of waves round an obstacle.

C change of direction when waves cross the boundary between one medium and another.
D

splitting of white light into colours.

39 The diagram represents the pattern of stationary waves formed by the superposition of sound
waves from a loudspeaker and their reflection from a metal sheet (not shown). 9702/01/M/J/09/Q24

QK OKEXEX K

W, X, Y and Z are four points on the line through the centre of these waves.

Which statement about these stationary waves is correct?

A An antinode is formed at the surface of the metal sheet.

B A node is a quarter of a wavelength from an adjacent antinode.
C The oscillations at X are in phase with those at Y.
D

The stationary waves oscillate at right angles to the line WZ.

40 A diffraction grating with N lines per metre is used to deflect light of various wavelengths 4.

The diagram shows a relation between the deflection angles @ for different values of 1 in the

n" order interference pattern. 9702/01/M/J/09/Q25
A
sin 6
0 >
0 A
What is the gradient of the graph?
A Nn B N c D
n N Nn

41 A parallel beam of light of wavelength 450 nm falls normally on a diffraction grating which has
300 lines/mm. 9702/11/0/N/09/Q26

What is the total number of transmitted maxima?

A 7 B 8 CcC 14 D 15

Superposition
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43

44

45

12

A stationary wave of frequency 80.0Hz is set up on a stretched string of length 210cm.
9702/01/M/J/09/Q26

I 210cm

What is the speed of the waves that produce this stationary wave?
A 56.0ms™ B 112ms™ C 5600ms™ D 11200ms™

The diagram shows a standing wave on a string. The standing wave has three nodes N;, N, and
Na. 9702/11/0/N/09/Q25

Which statement is correct?
A All points on the string vibrate in phase.
All points on the string vibrate with the same amplitude.

Points equidistant from N, vibrate with the same frequency and in phase.

O O W

Points equidistant from N, vibrate with the same frequency and the same amplitude.

The diagram shows a standing wave on a string. The standing wave has three nodes N4, N;
and Ns. 9702/12/0/N/09/Q24

N, : N, : N,

Which statement is correct?

A All points on the string vibrate in phase.

B All points on the string vibrate with the same amplitude.

C Points equidistant from N, vibrate with the same frequency and in phase.
D

Points equidistant from N, vibrate with the same frequency and the same amplitude.

A parallel beam of light of wavelength 450 nm falls normally on a diffraction grating which has
300 lines/mm. 9702/12/0/N/09/Q25

What is the total number of transmitted maxima?

A 7 B 8 CcC 14 D 15

Superposition
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46 Using monochromatic light, interference fringes are produced on a screen placed a distance D
from a pair of slits of separation a. The separation of the fringes is x. 970211IMIJ110/Q23

Both a and D are now doubled.
What is the new fringe separation?

A B «x C 2x D 4x

X
2

47 Diagram 1 shows a ripple tank experiment in which plane waves are diffracted through a narrow
slit in a metal sheet. 9702/11/M/J/10/Q24

Diagram 2 shows the same tank with a slit of greater width.

In each case, the pattern of the waves incident on the slit and the emergent pattern are shown.

vibrating \_ vibrating \_
bar >>> bar

diagram 1 diagram 2

Which action would cause the waves in diagram 1 to be diffracted less and so produce an
emergent pattern closer to that shown in diagram 2?

A increasing the frequency of vibration of the bar
B increasing the speed of the waves by making the water in the tank deeper
C reducing the amplitude of vibration of the bar

D reducing the length of the vibrating bar

48 Electromagnetic waves from an unknown source in space were found to be significantly diffracted
when passing through gaps of the order of 10~°m. 9702/12/M/J/10/Q24

Which type of wave are they most likely to be?

A radio waves
B microwaves
C infra-red waves
D

ultraviolet waves

Superposition
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49 The diagram shows a steel wire clamped at one end and tensioned at the other by a weight hung
over a pulley. 9702/11/M/J10/Q25

weight

|

fixed stand  vibration fixed support
generator

A vibration generator is attached to the wire near the clamped end. A stationary wave with one
loop is produced. The frequency of the vibration generator is .

Which frequency should be used to produce a stationary wave with two loops?

A L B [ C 2f D 4f

4 2

50 The diagram shows a steel wire clamped at one end and tensioned at the other by a weight hung
over a pulley. 9702/12/M/J/10/Q22

|

fixed stand  vibration fixed support
generator

weight

A vibration generator is attached to the wire near the clamped end. A stationary wave with one
loop is produced. The frequency of the vibration generator is .

Which frequency should be used to produce a stationary wave with two loops?

A L B [ Cc 2f D 4f

4 2

51 Using monochromatic light, interference fringes are produced on a screen placed a distance D
from a pair of slits of separation a. The separation of the fringes is x. 9702/12/M1J/10/Q25

Both a and D are now doubled.
What is the new fringe separation?

A B «x C 2x D 4x

X
2

Superposition
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52 Diagram 1 shows a ripple tank experiment in which plane waves are diffracted through a narrow
slit in a metal sheet. 9702/12/M/J/10/Q23

Diagram 2 shows the same tank with a slit of greater width.

In each case, the pattern of the waves incident on the slit and the emergent pattern are shown.

vibrating \_ vibrating \_
bar >>> bar

diagram 1 diagram 2

Which action would cause the waves in diagram 1 to be diffracted less and so produce an
emergent pattern closer to that shown in diagram 27?

A increasing the frequency of vibration of the bar
B increasing the speed of the waves by making the water in the tank deeper
C reducing the amplitude of vibration of the bar

D reducing the length of the vibrating bar

53 The diagram shows a steel wire clamped at one end and tensioned at the other by a weight hung
over a pulley. 9702/13/M/J/10/Q24

weight

|

fixed stand  vibration fixed support
generator

A vibration generator is attached to the wire near the clamped end. A stationary wave with one
loop is produced. The frequency of the vibration generator is .

Which frequency should be used to produce a stationary wave with two loops?

A L B [ Cc 2f D 4f
4 2

Superposition
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56

16

Electromagnetic waves from an unknown source in space were found to be significantly diffracted
when passing through gaps of the order of 10~°m. 9702/13/M/J/10/Q23

Which type of wave are they most likely to be?

A radio waves
B microwaves
C infra-red waves

D ultraviolet waves

Diagram 1 shows a ripple tank experiment in which plane waves are diffracted through a narrow
slit in a metal sheet. 9702/13/M/J/10/Q25
Diagram 2 shows the same tank with a slit of greater width.

In each case, the pattern of the waves incident on the slit and the emergent pattern are shown.

vibrating —_{] vibrating
bar >>> bar

diagram 1 diagram 2

Which action would cause the waves in diagram 1 to be diffracted less and so produce an
emergent pattern closer to that shown in diagram 2?

A increasing the frequency of vibration of the bar
B increasing the speed of the waves by making the water in the tank deeper
C reducing the amplitude of vibration of the bar

D reducing the length of the vibrating bar

Which electromagnetic wave would cause the most significant diffraction effect for an atomic
lattice of SpaCing around 10_10m? 9702/11/0/N/10/Q27

A infra-red
B microwave
C ultraviolet
D X-ray
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A stationary wave is produced by two loudspeakers emitting sound of the same frequency.
9702/11/0/N/10/Q26

speaker
2

speaker
1

1.5m

When a microphone is moved between X and Y, a distance of 1.5 m, six nodes and seven
antinodes are detected.

What is the wavelength of the sound?

A 0.50m B 043m C 025m D 021m

The diagram shows two tubes. 9702/12/0/N/10/Q25

i G

tube X tube Y

The tubes are identical except tube X is closed at its lower end while tube Y is open at its lower
end. Both tubes have open upper ends.

A tuning fork placed above tube X causes resonance of the air at frequency f. No resonance is
found at any lower frequency than f with tube X.

Which tuning fork will produce resonance when placed just above tube Y?

A afork of frequency %

B afork of frequency %

C afork of frequency %f

D afork of frequency 2f

Which electromagnetic wave phenomenon is needed to explain the spectrum produced when

white light falls on a diffraction grating? 9702/11/MI11/Q26

A coherence
B interference
C polarisation

D refraction

Superposition
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60 A microwave transmitter emits waves towards a metal plate. The waves strike the plate and are

61

62

63

reflected back along their original path. 9702/12/0/N/10/Q26
incident v
waves
—_— ;
—_—————e——0— ¢ —¢
- T S R Q P ;
reflected ?
waves /
metal plate

A microwave detector is moved along the line PT.

Points P, Q, R, S and T are the positions where minima of intensity are observed. These points
are found to be 15 mm apart.

What is the frequency of the microwaves?

A 50GHz B 6.7GHz C 10GHz D 20GHz

A doubile slit experiment, using light of wavelength 600 nm, results in fringes being produced on a
screen. The fringe separation is found to be 1.0mm. 9702/12/0/N/10/Q27

When the distance between the double slits and the viewing screen is increased by 2.0 m, the
fringe separation increases to 3.0 mm.

What is the separation of the double slits producing the fringes?

A 04mm B 0.6mm C 0.9mm D 1.2mm

A stationary wave is produced by two loudspeakers emitting sound of the same frequency.
9702/13/0/N/10/Q23

speaker
1

speaker
2

1.5m

When a microphone is moved between X and Y, a distance of 1.5 m, six nodes and seven
antinodes are detected.

What is the wavelength of the sound?

A 0.50m B 0.43m C 025m D 021m

Which electromagnetic wave would cause the most significant diffraction effect for an atomic
lattice of spacing around 10™"°m? 9702/13/0/N/10/Q26

A infra-red

B microwave
C ultraviolet
D X-ray
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64 The basic principle of note production in a horn is to set up a stationary wave in an air column.

. 9702/11/M1J/11/Q25
mouthpiece bell

horn

For the lowest note produced by a horn, a node is formed at the mouthpiece and the antinode is
formed at the bell. The frequency of this note is 75Hz.

What are the frequencies of the next two higher notes for this air column?

first higher note | second higher note
/Hz /Hz
A 113 150
B 150 225
Cc 150 300
D 225 375

65 The diagrams show the arrangement of apparatus for a Young’s slits experiment and also part of

the pattern formed on the screen with a ruler placed next to it. 9702/12/M/J11/Q29
screen
—_—
| — i
gser 0.90mm
light . |
—
_ 50m -
dark\_ =
. e 30MM
bright —
=
—
s 20 MM
I
—

What is the wavelength of the light?

A 48x10'm B 54x10'm C 32x10°m D 34x10°m
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66 Coherent waves are produced at P and at Q and travel outwards in all directions. The line RS is
halfway between P and Q and perpendicular to the line joining P and Q. The distance RS is much

67

greater than the distance PQ.

9702/11/0/N/11/Q30

P R Q
| NOT TO
| SCALE
,,,,,,,,,,,,,,, ey
s

Along which line, or lines, is an interference pattern observed?

A

B
o
D

both RS and XY
RS only

XY only

neither RS nor XY

A diffraction grating with 500 lines per mm is used to observe diffraction of monochromatic light of
wavelength 600 nm.

9702/13/M1J/11/Q26

The light is passed through a narrow slit and the grating is placed so that its lines are parallel to
the slit. Light passes through the slit and then the grating.

slit

light

grating
I X

e

z

An observer views the slit through the grating at different angles, moving his head from X parallel
to the grating, through Y, opposite the slit, to Z parallel to the grating on the opposite side.

How many images of the slit does he see?

A

3 B 4

C 6 D 7

Superposition
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68 The basic principle of note production in a horn is to set up a stationary wave in an air column.

9702/13/M1J/11/Q27
mouthpiece bell

horn

For the lowest note produced by a horn, a node is formed at the mouthpiece and the antinode is
formed at the bell. The frequency of this note is 75 Hz.

What are the frequencies of the next two higher notes for this air column?

first higher note | second higher note
/Hz /Hz
A 113 150
B 150 225
Cc 150 300
D 225 375

69 Travelling waves of wavelength 20 cm are created in the air columns in a closed pipe P and an

open pipe Q. The lengths of the pipes are shown. 9702/11/0/N/11/Q29
P Q
) 35¢cm g ) 50cm g

In which pipe or pipes are stationary waves formed?

A PandQ

B Ponly

C Qonly

D neither P nor Q

70 Two light sources produce visible interference fringes only in certain circumstances. 9702/12/0/N/11/Q28
Which condition enables visible interference fringes to be formed?

A using a white light source

B using incoherent sources

C using one light source which is polarised at right angles to light from the other source
D

using sources from which the light does not overlap

Superposition
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In which situation does diffraction occur?

O O W

9702/12/M/J/11/Q28

A wave bounces back from a surface.
A wave passes from one medium into another.
A wave passes through an aperture.

Waves from two identical sources are superposed.

Which electromagnetic wave phenomenon is needed to explain the spectrum produced when

white light falls on a diffraction grating? 9702/13/M/J/11/Q25
A coherence

B interference

C polarisation

D refraction

A sound wave is set up in a long tube, closed at one end. The length of the tube is adjusted until
the sound from the tube is loudest. 9702/12/0/NM1/Q27

What is the nature of the sound wave in the tube?

A

B
C
D

longitudinal and progressive
longitudinal and stationary
transverse and progressive

transverse and stationary

Travelling waves of wavelength 20 cm are created in the air columns in a closed pipe P and an

open pipe Q. The lengths of the pipes are shown. 9702/13/0/N/11/Q30
P Q
= 35¢cm g = 50cm g

In which pipe or pipes are stationary waves formed?

A

B
C
D

Pand Q
P only
Q only

neither P nor Q

Superposition
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75 A monochromatic plane wave of speed ¢ and wavelength A is diffracted at a small aperture.

9702/12/M/J/12/Q29
The diagram illustrates successive wavefronts.

X

Y

After what time will some portion of the wavefront XY reach point P?

34 B 24 c 34 p 44
2c c c c

76 A diffraction grating is used to measure the wavelength of monochromatic light, as shown in the
diagram. 9702/11/M/J12/Q30

grating —
first order maximum
monochromatic ———>— 70.0°

light
first order maximum

The spacing of the slits in the grating is 1.00 x 10°m. The angle between the first order diffraction
maxima is 70.0°.

What is the wavelength of the light?
A 287nm B 470nm C 574nm D 940nm

77 To produce a stationary wave, two waves must travel in opposite directions through the same
space. 9702/13/M/J/12/Q30
Which statement about the properties of the two waves must also be true?

A The waves must have equal frequency, but a different speed and wavelength.
B The waves must have equal speed, but a different wavelength and frequency.
C The waves must have equal speed, frequency and wavelength.
D

The waves must have equal wavelength, but a different speed and frequency.
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78 A standing sound wave is set up between a loudspeaker and a wall. 9702/12/M/J/12/Q30
A microphone is connected to a cathode-ray oscilloscope (c.r.o.) and is moved along a line
directly between the loudspeaker and the wall. The amplitude of the trace on the c.r.o. rises to a
maximum at a position X, falls to a minimum and then rises once again to a maximum at a
position Y.

The distance between X and Y is 33cm. The speed of sound in air is 330ms™".

Which diagram represents the c.r.o. trace of the sound received at X?

A B

-+ -

time base 0.50ms/cm 1cm time base 0.50ms/cm 1cm
C D

-+ -

time base 0.50ms/cm 1cm time base 0.50ms/cm 1cm

79 A diffraction grating is used to measure the wavelength of monochromatic light, as shown in the
diagram. 9702/13/M/J/12/Q28

grating—___ _
first order maximum
monochromatic ———>— 70.0°

light
first order maximum

The spacing of the slits in the grating is 1.00 x 10°m. The angle between the first order diffraction
maxima is 70.0°.

What is the wavelength of the light?

A 287nm B 470nm C 574nm D 940nm

Superposition
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Coherent waves are produced at P and at Q and travel outwards in all directions. The line RS is
halfway between P and Q and perpendicular to the line joining P and Q. The distance RS is much
greater than the distance PQ. 9702/13/0/N/11/Q29

gv)
Py
9]

NOT TO
SCALE

g |

p3
mnr
_<

Along which line, or lines, is an interference pattern observed?
A both RS and XY

B RS only

C XYonly

D neither RS nor XY

To produce a stationary wave, two waves must travel in opposite directions through the same
space. 9702/11/M/1J/12/Q29

Which statement about the properties of the two waves must also be true?

A The waves must have equal frequency, but a different speed and wavelength.
B The waves must have equal speed, but a different wavelength and frequency.
C The waves must have equal speed, frequency and wavelength.
D

The waves must have equal wavelength, but a different speed and frequency.

A musical organ produces notes by blowing air into a set of pipes that are open at one end and
closed at the other. 9702/11/0/N/12/Q28

What is the lowest frequency of sound produced by a pipe of length 10m?
(The speed of sound in the pipe is 320ms™)

A 4Hz B 8Hz C 16Hz D 32Hz
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83 The diagram shows two identical loudspeakers driven in phase by a common audio-frequency
source. 9702/12/0/N/12/Q28

X
A

) ) loud
identical

loudspeakers
quiet

» loud

quiet

audio-frequency
source loud

Y
Y

When a student moves along line XY, she notices that there are variations in the loudness of the
sound. The regions in which the sound is heard are alternately loud and quiet as indicated on the
diagram.

How may the distance between loud regions be reduced?

A decreasing the distance a between the speakers

B increasing distance d

C increasing the frequency of the audio-frequency source
D

increasing the power output from the audio-frequency source

84 A horizontal glass tube, closed at one end, has a layer of dust laid inside it on its lower side.
Sound is emitted from a loudspeaker that is placed near the open end of the tube. 9702/12/0/N/12/Q29

The frequency of the sound is varied and, at one frequency, a stationary wave is formed inside
the tube so that the dust forms small heaps.

The distance between four heaps of dust is 30cm.

:] | glass tube

loudspeaker : 30cm

<
<

\

The speed of sound in the tube is 330ms™.

What is the frequency of the sound emitted by the loudspeaker?

A 1650Hz B 2200Hz C 3300Hz D 6600Hz
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Monochromatic light of wavelength 690 nm passes through a diffraction grating with 300 lines per
mm, producing a series of maxima on a screen. 9702/12/0/NM2/Q30

screen

diffraction
grating

What is the greatest number of maxima that can be observed?

A 4 B 5 Cc 8 D 9
Monochromatic light is directed at a diffraction grating as shown. 9702/11/0/N/12/Q29

Which diagram shows all the possible directions of the light, after passing through the grating,
that give maximum intensity?

A B Cc

Diffraction can be observed when a wave passes an obstruction. The diffraction effect is greatest
when the wavelength and the obstruction are similar in size. 9702/13/0/N/12/Q28

For waves travelling through air, what is the combination of wave and obstruction that could best
demonstrate diffraction?

A microwaves passing a steel post
B radio waves passing a copper wire
C sound waves passing a human hair

D visible light waves passing a gate post
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The diagram shows an air-filled pipe open at both ends. The length of the pipe is 1.00m and the
lower surface of the inside of the pipe is covered with a layer of fine sand. 9702/13/0/N/12/Q26

1.00m |

< |
. '

sand
When a source of sound of a single frequency is put near one end of the pipe, the air in the pipe
is found to resonate and a pattern in the sand shows that a standing wave containing three nodes
is formed within the pipe.

The speed of sound in air is 330ms™".

What is the frequency of the sound?

A 330Hz B 495Hz C 990Hz D 1320Hz

A stationary sound wave is formed in a measuring cylinder by blowing across the top, as shown.
9702/13/0/N/12/Q27

Which statement is correct?

A The fundamental frequency of the stationary wave decreases when some water is added to
the cylinder.

B The stationary wave in the cylinder is caused by the superposition of two waves moving in
opposite directions.

The stationary wave in the cylinder is polarised.

D The stationary wave will have an antinode at the bottom of the cylinder.

A parallel beam of red light of wavelength 700 nm is incident normally on a diffraction grating that
has 400 lines per millimetre. 9702/13/MIJ13/Q27

What is the total number of transmitted maxima?

A 3 B 4 C 6 D 7

Superposition
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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.
9702/12/M1J/13
What is the angle between the first and second order diffraction maxima? 1

A 706° B 154° C 16.7° D 32.0°

A transmitter of electromagnetic waves is placed 45 cm from a reflective surface. 9702/12/M1J/13/Q27

| __reflective surface
transmitter

<]

<
<«

Y

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 Cc 3 D 4

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

screen. 9702/12/M/J/13/Q28
Sing|e double screen
slit slit
source R
of light a |

p r
Which change to the apparatus will increase the fringe spacing?
A decreasing the distance p
B decreasing the distance q
C decreasing the distance r
D

decreasing the wavelength of the light
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94 The diagram shows a standing wave on a string. The standing wave has three nodes N4, N, and
Ns. 9702/13/M/J/13/Q28

Which statement is correct?
A All points on the string vibrate in phase.
All points on the string vibrate with the same amplitude.

Points equidistant from N, vibrate with the same frequency and in phase.

O O W

Points equidistant from N, vibrate with the same frequency and the same amplitude.

95 Light of wavelength 600 nm is incident on a pair of slits. Fringes with a spacing of 4.0 mm are
formed on a screen. 9702/11/M/J/13/Q27

What will be the fringe spacing when the wavelength of the light is changed to 400 nm and the
separation of the slits is doubled?

A 1.3mm
B 3.0mm
C 53mm
D 12mm

96 The speed of a transverse wave on a stretched string can be changed by adjusting the tension of
the string. A stationary wave pattern is set up on a stretched string using an oscillator set at a
frequency of 650 Hz. 9702/11/M/J13/Q28

/
fixed
point g

oscillator

How must the wave be changed to maintain the same stationary wave pattern if the applied
frequency is increased to 750 Hz?

A Decrease the speed of the wave on the string.

B Decrease the wavelength of the wave on the string.
C Increase the speed of the wave on the string.
D

Increase the wavelength of the wave on the string.
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97 Noise reduction headphones actively produce their own sound waves in order to cancel out
external sound waves. 9702/11/M/J/13/Q29

A microphone in the headphones receives waves of one frequency. A loudspeaker in the
headphones then produces a wave of that frequency but of a different phase.

What is the phase difference between the external sound wave and the wave produced by the
loudspeaker in the headphones?

A 90° B 180° C 270° D 360°

98 The sound from a loudspeaker placed above a tube causes resonance of the air in the tube.
9702/11/0/N/13/Q27

A stationary wave is formed with two nodes and two antinodes as shown.

k loudspeaker

60.0cm

<

Y

The speed of sound in air is 330ms™".

What is the frequency of the sound?

A 413Hz B 550Hz C 830Hz D 1650Hz

99 Light of wavelength 1 passes through a diffraction grating with slit spacing d. A series of lines is
observed on a screen. 9702/11/0/N/13/Q28

— first order line

light of
wavelength A

diffra-ction — first order line

grating
screen
What is the angle a between the two first order lines?
A sin'| 4 B sin|% c 2sin'|A| D 2sin[4
2d d 2d d
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100 A student connects two loudspeakers to a signal generator. 9702/11/0/N/13/Q29

101

signal
generator @

oP

As the student walks from P to Q, he notices that the loudness of the sound rises and falls
repeatedly.

What causes the loudness of the sound to vary?

A

B
Cc
D

diffraction of the sound waves
interference of the sound waves
polarisation of the sound waves

reflection of the sound waves

The three waves shown in each diagram have the same amplitude and frequency but differ in

phase.

9702/13/0/N/13/Q26

They are added together to give a resultant wave.

In which case is the resultant wave zero?

A B

XK XK XK NN
AAX X AINAN

o D

7A\\/78 NI NN IIN
7 N\ Y LN
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102 A student sets up apparatus to observe the double-slit interference of monochromatic light, as

shown. 9702/13/0/N/13/Q29

monochromatic
light

»
>

double-slit
screen

Interference fringes are formed on the screen.

Which change would increase the distance between adjacent fringes?

A Decrease the distance between the two slits.
B Decrease the width of each slit.

C Move the screen closer to the double-slit.

D

Use light of a higher frequency.

103 A stationary sound wave has a series of nodes. The distance between the first and the sixth node
is 30.0cm. 9702/13/0/N/13/Q27

What is the wavelength of the sound wave?

A 5.0cm B 6.0cm C 10.0cm D 12.0cm

104 \What is meant by diffraction? 070211 3/OINI13/Q28

A Addition of two coherent waves to produce a stationary wave pattern.

B Bending of waves round an obstacle.

C Change of direction when waves cross the boundary between one medium and another.
D

Splitting of white light into colours.
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105 A student attempts to show the interference of light using two identical green LEDs.  9702/13/M/J/14/Q2s

Which statement explains why the experiement will not succeed?

A The light waves from the sources are not coherent.
B The light waves from the sources do not have the same amplitude.
C The light waves from the sources have a range of wavelengths.
D The light waves from the sources are not monochromatic.
106 A stationary wave is set up on a stretched string, as shown. 9702/13/M/J/14/Q29

Which statement about the points on the string is correct?

A

B
C
D

Point Q vibrates with the largest amplitude.
Points P and R vibrate in phase.
Point S is an antinode.

The horizontal distance between R and S is half the wavelength.

107 Monochromatic light is incident on a diffraction grating and a diffraction pattern is observed.

Which line of the table gives the effect of replacing the grating with one that has more lines per

metre?
9702/13/M/J/14/Q30
number of orders of angle between first and
diffraction visible second orders of diffraction
A decreases decreases
B decreases increases
C increases decreases
D increases increases

108 A parallel beam of white light passes through a diffraction grating. Orange light of wavelength
600nm in the fourth order diffraction maximum coincides with blue light in the fifth order

diffraction maximum.

9702/11/M/J/14/Q26

What is the wavelength of the blue light?

A 450nm B 480nm C 500nm D 750nm
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109 The principle of superposition states that a certain quantity is added when two or more waves
meet at a point.

110

111

9702/12/M1J/14/Q25

What is this quantity?

A amplitude

B displacement
C intensity

D wavelength

Light passes through a diffraction grating ruled at 1000 lines per cm and the same wavelength of
light also passes through two narrow slits 0.5 mm apart. Both situations produce intensity maxima
and minima on a screen.

9702/12/M1J/14/Q26

Which statement about the separation of the maxima on the screen and the sharpness of the
maxima is correct?

A The diffraction grating maxima are less widely spaced and are less sharp than the two-slit
maxima.

B The diffraction grating maxima are less widely spaced and are sharper than the two-slit
maxima.

C The diffraction grating maxima are more widely spaced and are less sharp than the two-slit
maxima.

D The diffraction grating maxima are more widely spaced and are sharper than the two-slit
maxima.

A stationary wave on a stretched string is set up between two points P and T. 9702/11/M/J/14/Q25

vibrator

Which statement about the wave is correct?

A

B
C
D

Point R is at a node.
Points Q and S vibrate in phase.
The distance between P and T is three wavelengths.

The wave shown has the lowest possible frequency.
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112 The diagram shows an experiment which has been set up to demonstrate two-source

interference. Microwaves of wavelength A pass through two slits S; and S.. 9702/12/MIJ114/Q27

microwave microwave
transmitter metal plate detector

L Wwith two slits

The detector is moved from point O in the direction of the arrow. The signal detected decreases
until the detector reaches point X, and then starts to increase again as the detector moves
beyond X.

Which equation correctly determines the position of X?
A OX=21

B OX=41/2

C SX-S:X=21

D S,X-8X=21/2

113 The basic principle of note production in a horn is to set up a stationary wave in an air column.

. 9702/11/M1J/14/Q27
mouthpiece bell

—

horn

For any note produced by the horn, a node is formed at the mouthpiece and an antinode is
formed at the bell. The frequency of the lowest note is 75Hz.

What are the frequencies of the next two higher notes for this air column?

first higher note | second higher note
/Hz /Hz
A 113 150
B 150 225
Cc 150 300
D 225 375
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114 A stationary sound wave is produced in a tube. 9702/11/0/N/14/Q25
Which statement describes the wave speed?
A ltis the distance between two adjacent nodes divided by the period of the wave.
B Itis the speed at which energy is transferred from one antinode to an adjacent antinode.
C ltis the speed of a particle at an antinode.
D

It is the speed of one of the progressive waves that are producing the stationary wave.

115 Two identical loudspeakers are connected in series to an a.c. supply, as shown. 9702/11/0/N/14/Q26
X
1
1
1
1
1
1
1
1
1
1
o :
~o :
1
o '
1
1
1
1
1
1
1
1
1
Y

Which graph best shows the variation of the intensity of the sound with distance along the line
XY?

A B
intensity intensity '/VWV\
0| T - 0| T -
X Y X Y
distance distance
C D
intensity intensity ”\/\/W
Of - o] -
X Y X Y
distance distance

116 Interference fringes are produced on a screen by double-slit interference using light of
wavelength 600 nm. The fringe separation is 4.0mm and the separation of the slits is 0.60 mm.

9702/13/0/N/14/Q30
What is the distance between the double slit and the screen?

A 0.25m B 0.40m C 25m D 40m
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117 A diffraction grating experiment is set up using yellow light of wavelength 600 nm. The grating has
a slit separation of 2.00 um. 9702/11/0/N/14/Q27

2nd order yellow

/ 1st order yellow
o

2

N 1 = R

light of _
wavelength  9rating
600nm

What is the angular separation (6, — 61) between the first and second order maxima of the yellow
light?

A 17.5° B 194° C 36.9° D 54.3°

118 The variation with distance x of the intensity I along a stationary sound wave in air is shown by

the following graph. 9702/13/0/N/14/Q27

A

I i
0 T ; -
0 5.0 10.0 15.0
x/cm

The speed of sound in air is 340ms™".
What is the frequency of the sound wave?
A 1700Hz B 2270Hz C 3400Hz D 6800Hz

119 An organ pipe of length [ is open at both ends. Notes are produced by the pipe when stationary
waves are set up. 9702/13/0/N/14/Q29

The speed of sound in the air column is v.
What is the lowest (fundamental) frequency of the note produced by the pipe?

A v B Y c v D Y“
l l 21 41

Superposition


https://stemup.co.uk

120 The table contains statements about stationary and progressive waves.

Which row is correct?

stationary wave

prog ressive wave

all particles vibrate
with the same amplitude

energy is transferred
along the wave

particles in adjacent
loops vibrate in antiphase

particles one wavelength
apart vibrate in phase

all particles vibrate
with the same amplitude

energy is transferred
along the wave

particles vibrate in phase

with their immediate neighbours

particles one wavelength
apart vibrate in phase

39

9702/13/M/J/15/Q27

121 Wave generators at points X and Y produce water waves of the same wavelength. At point Z, the
waves from X have the same amplitude as the waves from Y. Distances XZ and YZ are as
shown.

When the wave generators operate in phase, the amplitude of oscillation at Z is zero.

What could be the wavelength of the waves?

A 2cm

Xe

24cm

B 3cm

z

C 4cm

oY

34cm

D 6cm

9702/13/M/J/15/Q29

122 What is not an essential condition for an observable interference pattern to occur between the
waves from two sources?

A

B
C
D

The frequencies of the two sources must be equal.

The sources must be coherent.

The sources must emit waves of equal amplitude.

The waves from the two sources must overlap.

Superposition

9702/12/M1J/15/Q26
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40

123 A pattern of waves was observed without being able to view the source of the waves. The pattern
is represented in the diagram.

124

/

/ / ————region of minimum intensity

/ \
/ region of maximum intensity

What can cause this pattern?

A

B
Cc
D

coherence only
diffraction and interference
diffraction only

interference only

9702/12/M/J/15/Q28

Source S emits microwaves with a constant amplitude. The microwaves hit a metal screen P and
are reflected. A stationary wave is formed between S and P. The wavelength of the microwaves
is much smaller than the distance between S and P.

A detector Q is moved at a slow, constant speed from S to P.

What happens to the amplitude of the signal detected by Q7?

A

B
o
D

decreases steadily
increases and decreases regularly
increases steadily

remains constant

Superposition

9702/12/M/J/15/Q27
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125

126

41

The diagram shows a stationary wave on a string at two instants of maximum vertical

displacement.
9702/11/M/J/15/Q28

90cm

i
Y

The frequency of the wave is 12Hz.

What is the speed of the wave?

A 3.6ms™ B 7.2ms™ C 360ms™ D 720ms™

A loudspeaker emitting sound of frequency f is placed at the open end of a pipe of length [ which
is closed at the other end. A standing wave is set up in the pipe.

Ioudspeaker\E(

A series of pipes are then set up with either one or two loudspeakers of frequency f. The pairs of
loudspeakers vibrate in phase with each other.

9702/11/M/J/15/Q29
l

<
<«

\

Which pipe contains a standing wave?

~

l

A
\ 4

¢ !

21

<
<

\

21

<
<«

\

at
°
at

Superposition
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42

127 In a double-slit experiment the distance between the fringes, on a screen, was too small to

measure.
9702/11/M/J/15/Q30

What would increase the distance between the fringes?

A increasing the distance between the light source and the slits
B increasing the distance between the slits and the screen

C increasing the distance between the slits

D increasing the frequency of the light source

Superposition
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Superposition
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Superposition — 2021 AS

1.

2.

June/2021/Paper_11/No.23
A stationary wave is formed from two identical sound waves.

A microphone is placed at a position of maximum loudness. It is then moved along the stationary
wave from this first position of maximum loudness to the fourth position of maximum loudness.
The microphone moves a distance of 12cm.

The speed of sound is 330ms™".

What is the frequency of the sound waves?

A 4100Hz B 5500Hz C 8300Hz D 11000Hz

June/2021/Paper_11/No.26
The diagram shows part of a stationary wave on a string.

X and Y are points on the string. The vibrations at X and Y are 180° out of phase.

string

positions of string
when X and Y are at
maximum displacement

What is the distance between X and Y?
A one-quarter of a wavelength
half a wavelength

one wavelength

O O W

two wavelengths
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3. June/2021/Paper_11/No.28
A teacher sets up the apparatus shown to demonstrate a double-slit interference pattern on a
screen.

Single double screen
slit slit

source "} """""

of light q |

|
Y
a
Y

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

A decrease the distance p
B decrease the distance q
C decrease the distance r
D

decrease the wavelength of the light

4. June/2021/Paper_11/No.29

Light of a single unknown wavelength and blue light of a single wavelength are both incident
normally on a diffraction grating. Two diffraction patterns are produced, one for each wavelength
of light.

The third-order maximum for the blue light occurs at the same angle as the second-order
maximum for the light of unknown wavelength. The wavelength of the blue light is 480 nm.

What is the unknown wavelength?

A 320nm B 720nm C 960nm D 1440nm
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5. June/2021/Paper_12/No0.26

A pipe of length L is open at one end and closed at the other end. A loudspeaker is at the open
end and emits a sound wave into the pipe.

pipe

loudspeaker
When a stationary wave is formed, there is an antinode at the open end of the pipe.

Which wavelength of sound could be used to produce a stationary wave?
A 2L B L c 4L D 2L
3 3

6. June/2021/Paper_12/No.27
Which diagram best shows how water waves diffract when they pass through a gap in a barrier?

A B

gap
\

Y
T
N
[ ]

o
N

barrier
C D
T | - | I I
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7. June/2021/Paper_11/No.27
Which wave behaviour is shown in the diagram?

horizon

sea wall sea

V /
sea wall

\ " —beach

wavefronts

diffraction
Doppler shift

interference

o O W P

superposition

8. June/2021/Paper_12/No.28
In a two-source interference experiment, light of a single frequency is incident on a double slit.

The light waves emerging from the slits are coherent.
What is meant by coherent?

A The waves are in phase.

B The waves have a constant phase difference.
C The waves have the same amplitude.
D

The waves interfere constructively wherever they overlap.

9. June/2021/Paper_12/No.29
A parallel beam of light consists of light of wavelength 420 nm and light of wavelength 630 nm.

The light is incident normally on a diffraction grating.

The diffraction maxima for the two wavelengths overlap only at an angle of 31° from the direction
of the incident light beam.

What could be the line spacing of the diffraction grating?

A 12um B 1.6um C 24um D 3.7um
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10. Nov/2021/Paper_11/No.23
A glass tube is closed at one end and has a loudspeaker at the other end.

glass tube

\

[: _loudspeaker

A stationary wave is formed with a node at the closed end of the tube when the sound has
frequency f,. There are no other nodes.

The frequency of the sound is then slowly increased.

What is the frequency of the sound that produces the next stationary wave?

A 1.25f, B 1.50f, C 2.00f D 3.00f;

11. Nov/2021/Paper_11/No.26

A string is fixed between point P and an oscillator M. Another string is fixed between M and
point Q. M is midway between P and Q.

e

The frequency of the oscillator is adjusted until a stationary wave is formed on both strings. The
speed of the wave between P and M is twice the speed of the wave between M and Q.

Which diagram could represent the stationary wave pattern?
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12. Nov/2021/Paper_11/No.27
A water wave in a ripple tank is diffracted as it passes through a gap in a barrier.

Which two factors affect the angle of diffraction of the wave?

A the amplitude and frequency of the incident wave

B the amplitude of the incident wave and the width of the gap
C the wavelength and amplitude of the incident wave
D

the wavelength of the incident wave and the width of the gap

13. Nov/2021/Paper_11/No.28

Light of wavelength 4 is incident normally on two narrow slits S; and S,, a small distance apart.
Bright and dark fringes are observed on a screen a long distance away from the slits.

P

| __screen

light,
wavelength 4

+

The nth dark fringe from the central bright fringe is observed at point P on the screen.
Which equation is correct for all positive values of n?
A SpP-sp=I%4
2
B 82P - S1P =nAi
C S,P-SP=(n-1)A

D S:P-SP=(n+1)
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14. Nov/2021/Paper_11/No.29
Green light is incident normally on a diffraction grating and forms a diffraction pattern on a distant
screen.

screen

diffraction
grating

———-
green— o
light ———
———

Which change, on its own, would decrease the separation of the diffraction maxima on the
screen?

A

B
Cc
D

Increase the distance between the screen and the diffraction grating.
Replace the diffraction grating with a grating that has a smaller separation between the slits.
Replace the diffraction grating with a grating that has fewer slits per unit length.

Replace the green light with red light.

15. Nov/2021/Paper_12/No.24
A sound wave from a loudspeaker is reflected back along its original path by a reflector.

A microphone is initially at point X where the sound intensity is a minimum, as shown.

loudspeaker reflector
I\,/I M M M M P\;’l M = position of
X Y minimum intensity
a 70.0cm o

The microphone is moved towards the reflector and passes through four more intensity minima
until reaching a fifth minimum at point Y. The distance XY is 70.0cm.

What is the wavelength of the sound?

A

11.7¢cm B 14.0cm C 233cm D 280cm
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16. Nov/2021/Paper_12/No.27

A stationary wave is produced on a string that is stretched between two fixed points that are a
distance of 1.35m apart, as shown.

string

1.35m
The speed of the waves on the string is 450 ms™".

What is the frequency of oscillation of the stationary wave?

A 333Hz B 405Hz C 500Hz D 1000Hz

17. Nov/2021/Paper_12/No.28
A beam of laser light is directed towards a narrow slit.

cross-section | panel
of beam of Iight-\\+\

After emerging from the other side of the slit, the diffracted light then falls on a screen.

[ slit

What is the pattern of light seen on the screen?

A B Cc D

8
STEMUP.CO.UK
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18. Nov/2021/Paper_12/No.29

Two waves, each with a constant amplitude, interfere and produce an interference pattern. The
pattern has minima at fixed points where the displacement is zero at all times.

Which statement describes the two waves?

A They must be coherent and of the same amplitude.

B They must be coherent but not necessarily of the same amplitude.
C They must be of the same amplitude but not necessarily coherent.
D

They must not be coherent or of the same amplitude.

19. Nov/2021/Paper_12/No.30
Light of wavelength 5.5 x 107 m is incident normally on a diffraction grating.

grating second-order maximum
light 80°

second-order maximum

The angle between the second-order diffraction maxima is 80°, as shown.
What is the number of lines per metre of the diffraction grating?

A 5.8 x 10° lines per metre
B 9.0 x 10° lines per metre
C 1.2 x 10°lines per metre
D

2.3 x 10° lines per metre

20. Nov/2021/Paper_13/No.24

A stationary sound wave is formed in a pipe that is closed at one end and open at the other end.
The wave has two antinodes. One of these antinodes is at the open end of the pipe.

The length of the pipe is 0.600m. The speed of sound in the air column in the pipe is 340ms™".

What is the frequency of the sound wave?

A 425Hz B 850Hz C 1130Hz D 2270Hz
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21. Nov/2021/Paper_13/No.27

Two progressive waves travel in opposite directions and form a stationary wave. The graph
shows the variation with distance x of the displacement of the stationary wave and of one of the
two progressive waves at the same instant in time.

progressive wave

10 T
displacement / N\ / N
/mm 5t 7”:#””7”7&”7” <]

i
\ Jif / K\ \ / L/ \
0 N it
O\ NS5 HAH10HR 20 \25
54N /E \\ A x/emH\]
\ 7 N /
-10 ‘

stationary wave

What are the approximate displacements of the other progressive wave at the positions J, K
and L?

displacement/mm
J K L
A -5 0 -10
B -5 +5 0
C 0 +3 +10
D +5 -5 0

22. Nov/2021/Paper_13/No.29
Interference fringes are produced on a screen by double-slit interference using light of
wavelength 600 nm. The fringe separation is 4.0 mm and the separation of the slits is 0.60 mm.

What is the distance between the double slit and the screen?

A 025m B 040m C 25m D 40m

10
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23. Nov/2021/Paper_13/No.28
Which diagram shows the diffraction of water waves in a ripple tank?

A B

1=1
—

24. Nov/2021/Paper_13/No.30

A ray of green light is incident normally on a diffraction grating. Several bright spots are produced
on a screen on the other side of the grating, as shown.

=L
S—
~__~
|l |
S
—

| bright spots

ray of -
green light - ” -
diffraction
grating 0

NOT TO SCALE
screen

Which pair of changes could result in bright spots at exactly the same angles as previously?
A Use blue light and increase the distance between the grating and the screen.
B Use blue light and increase the number of lines per unit length in the grating.
C Use red light and increase the distance between the grating and the screen.
D

Use red light and increase the number of lines per unit length in the grating.

11
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Superposition — 2021 AS
1. Nov/2021/Paper_22/No.5

Atube is initially fully submerged in water. The axis of the tube is kept vertical as the tube is slowly
raised out of the water, as shown in Fig. 5.1.

a7

air column T

loudspeaker

surface of water

water

wall of _—
tube

Fig. 5.1
A loudspeaker producing sound of frequency 530 Hz is positioned at the open top end of the tube
as it is raised. The water surface inside the tube is always level with the water surface outside the

tube. The speed of the sound in the air column in the tube is 340ms".

(a) Describe a simple way that a student, without requiring any additional equipment, can detect
when a stationary wave is formed in the air column as the tube is being raised.

(b) Determine the height of the top end of the tube above the surface of the water when a
stationary wave is first produced in the tube. Assume that an antinode is formed level with the
top of the tube.

STEMUP.CO.UK
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(c) Determine the distance moved by the tube between the positions at which the first and
second stationary waves are formed.

distanCe = ... m [1]

[Total: 5]

2
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2.

June/2021/Paper_21/No.4
(a) For a progressive wave, state what is meant by wavelength.

............................................................................................................................................. [1]
(b) Alight wave from a laser has a wavelength of 460 nm in a vacuum.
Calculate the period of the wave.
PEriod = ..o s [3]
(c) The light from the laser is incident normally on a diffraction grating.
Describe the diffraction of the light waves at the grating.
............................................................................................................................................. [2]

(d) A diffraction grating is used with different wavelengths of visible light. The angle @ of the
fourth-order maximum from the zero-order (central) maximum is measured for each
wavelength. The variation with wavelength A of sin 8 is shown in Fig. 4.1.

A

sing

0 400 700
Alnm

Fig. 4.1

3
STEMUP.CO.UK


https://stemup.co.uk

(i) The gradient of the graph is G.

Determine an expression, in terms of G, for the distance d between the centres of two
adjacent slits in the diffraction grating.

(ii) On Fig. 4.1, sketch a graph to show the results that would be obtained for the
second-order maxima. [2]

[Total: 10]

3. June/2021/Paper_22/No.4
(a) Fora progressive wave, state what is meant by its period.

4
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(c) Electromagnetic waves of wavelength 0.040 m are emitted in phase from two sources X and
Y and travel in a vacuum. The arrangement of the sources is shown in Fig. 4.1.

X

Fig. 4.1 (not to scale)

A detector moves along a path that is parallel to the line XY. A pattern of intensity maxima and
minima is detected.

Distance XZ is 1.380m and distance YZ is 1.240 m.

(i) State the name of the region of the electromagnetic spectrum that contains the waves
from X and Y.

(ii) Calculate the period, in ps, of the waves.

5
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(iii) Show that the path difference at point Z between the waves from X and Y is 3.5 A, where A
is the wavelength of the waves.

(1]

(iv) Calculate the phase difference between the waves at point Z.

phase difference = ... “ M
(v) The waves from X alone have the same amplitude at point Z as the waves from Y alone.

State the intensity of the waves at point Z.

(vi) The frequencies of the waves from X and Y are both decreased to the same lower value.
The waves stay within the same region of the electromagnetic spectrum.

Describe the effect of this change on the pattern of intensity maxima and minima along
the path of the detector.

[Total: 11]

6
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June/2021/Paper_23/No.4
(a) State the principle of superposition.

............................................................................................................................................. [2]
(b) Two waves, with intensities I and 41, superpose. The waves have the same frequency.
Determine, in terms of I, the maximum possible intensity of the resulting wave.
maximum intensity = ... I[2]

(c) Coherent light of wavelength 550nm is incident normally on a double slit of slit separation
0.35mm. A series of bright and dark fringes forms on a screen placed a distance of 1.2m
from the double slit, as shown in Fig. 4.1. The screen is parallel to the double slit.

screen

/

_ | 1.2m
light |-
e .
— |} 0.35mm
Y
wavelength |
550nm double
slit

Fig. 4.1 (not to scale)

7
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(i) Determine the distance between the centres of adjacent bright fringes on the screen.

distance = ..o m [3]
(ii) The light of wavelength 550 nm is replaced with red light of a single frequency.

State and explain the change, if any, in the distance between the centres of adjacent
bright fringes.

[Total: 8]

8
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5. March/2021/Paper_22/No.4
(a) State the principle of superposition.

............................................................................................................................................. [2]
(b) A transmitter produces microwaves that travel in air towards a metal plate, as shown in
Fig. 4.1.
microwave metal
transmitter microwave plate
receiver
X
Fig. 4.1

The microwaves have a wavelength of 0.040m. A stationary wave is formed between the
transmitter and the plate.

(i) Explain the function of the metal plate.

(ii) Calculate the frequency, in GHz, of the microwaves.

frequency = ..., GHz [3]

9
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(iii) A microwave receiver is initially placed at position X where it detects an intensity
minimum. The receiver is then slowly moved away from X directly towards the plate.

1. Determine the shortest distance from X of the receiver when it detects another
intensity minimum.

AIStANCE = oo m

2. Determine the number of intensity maxima that are detected by the receiver as it
moves from X to a position that is 9.1 cm away from X.

[Total: 8]

10
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Superposition — 2023 June AS Physics 9702

1. June/2023/Paper_9702/11/No.25

Two progressive waves meet at a point.

Which condition must be met for superposition of the waves to occur?

A

B
c
D

The waves must be coherent.
The waves must be of the same type.
The waves must be travelling in opposite directions.

The waves must meet in phase.

2. June/2023/Paper_9702/11/No.27

A ripple tank and a barrier with a single gap are used to demonstrate the diffraction of surface
ripples on water. Initially, the wavelength of the ripples is five times smaller than the gap in the
barrier.

“ __barrier

..—""" g ap

\n ."’ H
Vo

VS
L)
¥

ripples

Which change increases the amount of diffraction observed?

A

B
c
D

double the amplitude of the ripples
double the width of the gap
halve the frequency of the ripples

halve the wavelength of the ripples

3. June/2023/Paper_9702/11/No.28

A laser produces a beam of light of wavelength 650 nm. The beam is incident normally on two
slits that are a distance of 0.12 mm apart.

A screen is placed parallel to the slits. The bright interference fringes on the screen have a
separation of 7.5 cm.

What is the distance between the screen and the two slits?

A

1.4m B 28m C 70m D 14m
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4. June/2023/Paper_9702/11/No.29
A beam of light from a laser is incident normally on a diffraction grating.

light beam

\
\

diffraction grating

The diagram shows only the second-order maxima that are produced.

The grating has a line spacing of 1.0 x 10°m. The angle between the two second-order maxima
is 110°.

What is the wavelength of the light?
A 41x10"m
B 47x10"m
C 82x10"m
D 94x10"m

5. June/2023/Paper_9702/12/No.27

A continuous progressive water wave in a ripple tank passes through a gap in a barrier and
diffracts.

The width of the gap is greater than the wavelength of the wave.

Which change causes the wave to spread over a larger angle as it passes through the gap?
A asmall decrease in the wavelength of the wave

B asmall decrease in the width of the gap

C asmall increase in the frequency of the wave

D

a small increase in the height of the barrier
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June/2023/Paper_9702/12/No.28

The diagram shows a view from above of a double-slit interference demonstration.

L is a monochromatic light source with a vertical filament. B is a barrier with two narrow vertical

slits and S is a screen upon which interference fringes form.

NOT TO
SCALE

The intensity is I at the point on the screen where the centre of the fringe pattern forms.

When one of the slits is covered, what is the intensity at the same point on the screen?

L
V2

2

A B 1 c 1

242

June/2023/Paper_9702/12/No.29

I

4

Green light of wavelength 550 nm is incident normally on a diffraction grating and produces a
diffraction pattern on a screen placed 3.5 m from the diffraction grating.

The third-order maximum on the screen is a distance of 0.75m from the zeroth-order (central)

maximum.

NOT TO screen

SCALE

green light

diffraction grating

zeroth-order
(central) maximum

third-order
maximum

What is the distance between two adjacent slits in the diffraction grating?

A 26x10°m
B 7.7x10°m
C 7.9x10°m
D 1.0x107°m


https://stemup.co.uk

8. June/2023/Paper_9702/13/No.27
An experiment is set up to demonstrate the diffraction of water waves in a ripple tank.

The waves pass through a gap of width w and some diffraction of the waves is observed.
The wavelength of the waves is now doubled.

What is the new gap width needed to cause the same amount of diffraction as before?

A 05w B w C 2w D 4w

9. June/2023/Paper_9702/13/No.28

Two coherent electromagnetic waves are travelling in a vacuum. The two waves meet at a point.
At this point, the two waves have different intensities.

Which statement about the waves is not correct?

A They have a constant phase difference at the point.
B They have the same amplitude at the point.

C They have the same frequency.
D

They travel at the same speed.

10. June/2023/Paper_9702/13/No.29
A parallel beam of light of wavelength 600 nm is incident normally on a diffraction grating.

The distance between adjacent slits in the grating is 2.0 x 10°m. A screen is placed parallel to
the grating, at a distance of 1.50 m from the grating. Third-order diffraction maxima are observed
at the two ends of the screen, as shown.

screen
NOT TO
diffraction SCALE
grating
> “ = third-order maxima
beam of light of |
wavelength 600 nm i
1.50m

What is the distance between the two ends of the screen?

A 14m B 27m Cc 31m D 62m
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11. June/2023/Paper_9702/21/No.5(b, c)

(b) An arrangement that uses a double slit to demonstrate the interference of light from a laser is
shown in Fig. 5.1.

[|screen
] double
slit
_—
light, e
wavelength ]
62x10 ' m—» a
_b. _____
—_—
B 2.8m -

Fig. 5.1 (not to scale)
The light from the laser has a wavelength of 6.2 x 10~"m and is incident normally on the
slits. The separation of the two slits is a. The slits and screen are parallel and separated by a
distance of 2.8 m.

An interference pattern of bright fringes and dark fringes is formed on the screen. The distance
on the screen across 8 bright fringes is 22 mm, as illustrated in Fig. 5.2.

ARRRRRIRRNAURERRERaNY

PQR

dark

fringe bright 22mm

fringe

Fig. 5.2

5
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(i) The light waves emerging from the two slits are coherent.

State what is meant by coherent.

. 1]

(if) Calculate the separation a of the slits.

A= e T [3]

(c) Fringe P is the central bright fringe of the interference pattern in (b). Fringe Q and fringe R
are the nearest dark fringe and the nearest bright fringe respectively to the right of fringe P, as
shown in Fig. 5.2.

(i) Calculate the difference in the distances (the path difference) from each slit to the centre
of fringe Q.

difference inthe distances = ... m [1]

(ii) State the phase difference between the light waves meeting at the centre of fringe R.

phase difference = ... ° 1]

6
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12. June/2023/Paper_9702/23/No.4(d)
(d) A metal sheet is now placed in front of the loudspeaker in (b), as shown in Fig. 4.3.

microphone
metal sheet

loudspeaker

CRO

Fig. 4.3
A stationary wave is formed between the loudspeaker and the metal sheet.

(i) State the principle of superposition.

. [2]

(if) The initial position of the microphone is such that the trace on the CRO has an amplitude
minimum. It is now moved a distance of 1.05m away from the loudspeaker along the line
joining the loudspeaker and metal sheet.

As the microphone moves, it passes through three positions where the trace has an
amplitude maximum before ending at a position where the trace has an amplitude
minimum.

Determine the wavelength of the sound wave.

wavelength = ... e, M [2]

7
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(iii) Use your answers in (b)(i) and (d)(ii) to determine the speed of the sound in the air.

8
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13. March/2023/Paper_9702/12/No.25

A musical instrument is made using a long tube with a mouthpiece at one end. The other end is
open and flared, as shown.

A musician maintains stationary sound waves with a node at the mouthpiece and an antinode at
the other end. The lowest frequency of sound that the instrument can produce is 92 Hz.

Which different frequencies of sound can be produced by the instrument?

A

B
Cc
D

92Hz, 138Hz, 184 Hz, 230Hz
92Hz, 184 Hz, 276 Hz, 368Hz
92Hz, 276 Hz, 460 Hz, 644 Hz
92Hz, 276 Hz, 828Hz, 1288 Hz

14. March/2023/Paper_9702/12/No.26

Two waves of equal frequency and amplitude are travelling in opposite directions along a stretched
string. When they meet, they form a stationary wave with three nodes and two antinodes.

The frequency of both waves is doubled and a new stationary wave is formed.

How many antinodes are there in the new stationary wave?

A

1 B 2 c 3 D 4

15. March/2023/Paper_9702/12/No.28
Waves are emitted from two coherent sources.

Which statement about the waves must be correct?

A

B
c
D

They are in phase.
They are transverse waves.
They have a constant phase difference.

They have the same amplitude.
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16. March/2023/Paper_9702/12/No.29
The diagram shows a screen that is a distance L from a diffraction grating. The grating has a total
number of N lines. Any two adjacent lines are a distance d apart. A beam of parallel light of

wavelength A is incident normally on the grating.

screen
T NOT TO
diffraction SCALE

grating \”/
;Gl‘%f:]lt ”\ first-order maxima

L

A

Which quantities affect the distance between the first-order diffraction maxima on the screen?

key
v = affects the distance

X = does not affect the distance

x N xS |-
<N x x|z

A
v
v
X
v

o O m r
x NN N |a

17. March/2023/Paper_9702/22/No.5(b),(c)
(b) An arrangement for demonstrating interference using light is shown in Fig. 5.2.

— - _:__ -
e ——— 36x10%m ¢P
S _:__ -
light from laser,
wavelength 630nm | | D ~
double slit screen

Fig. 5.2 (not to scale)

10
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(c)

The wavelength of the light from the laser is 630nm. The light is incident normally on the
double slit. The separation of the two slits is 3.6 x 10~ m. The perpendicular distance between
the double slit and the screen is D.

Coherent light waves from the slits form an interference pattern of bright and dark fringes on
the screen. The distance between the centres of two adjacent bright fringes is 4.0 x 10~3m.
The central bright fringe is formed at point P.

(i) Explain why a bright fringe is produced by the waves meeting at point P.

(ii) Calculate distance D.

D= oo [3]

The wavelength A of the light in (b) is now varied. This causes a variation in the distance x
between the centres of two adjacent bright fringes on the screen. The distance D and the
separation of the two slits are unchanged.

On Fig. 5.3, sketch a graph to show the variation of x with A from 2 =400nm to A = 700nm.
Numerical values of x are not required.

A

400 Alnm

Fig. 5.3
(1]

11
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Superposition — 2023 Nov AS Physics 9702

1. Nov/2023/Paper_9702/11/No.27
In an experiment, water waves in a ripple tank are incident on a gap, as shown.

L

Some diffraction of the water waves is observed.

Which change to the experiment would provide a better demonstration of diffraction?
A Increase the amplitude of the waves.
B Increase the frequency of the waves.
C Increase the wavelength of the waves.
D

Increase the width of the gap.

2. Nov/2023/Paper_9702/11/No.28
Light of wavelength 4 is emitted from two point sources R and S and falls onto a distant screen.

screen

Re NOT TO
SCALE

Se

At point P on the screen, the light intensity is zero.
What could explain the zero intensity at P?
A Light from the two sources is emitted 180° out of phase and the path difference to P is 5 A.

B Light from the two sources is emitted in phase and the path difference to P is A.
C Light from the two sources is emitted 90° out of phase and the path difference to P is A.
D

Light from the two sources is emitted in phase and the path difference to P is 1 4.
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3. Nov/2023/Paper_ 9702/11/No.29

4.

A beam of red light of wavelength 720nm is incident normally on a diffraction grating and
produces a diffraction pattern on a screen placed parallel to the grating.

The beam of red light is replaced with a beam of electromagnetic radiation of wavelength X,
which is incident normally on the same diffraction grating.

The third-order maximum for the electromagnetic radiation of wavelength X is at the same
position on the screen as the second-order maximum for the red light.

What is wavelength X7
A 480nm B 540nm C 960nm D 1100nm

Nov/2023/Paper_ 9702/12/No.27

Coherent light of constant wavelength is incident normally on a double slit. Interference fringes
are formed on a screen that is a fixed distance from the double slit. The screen is parallel to the
double slit.

The separation of the slits is varied.

Which graph best shows the variation with slit separation a of the spacing x of the interference
fringes?

A B
A '}
X X
0 > 0 =
0 a 0 a
C D
A A
X X
0 = 0 =
0 a 0 a
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5. Nov/2023/Paper_ 9702/12/No.29

Light of wavelength 690 nm passes through a diffraction grating with 300 lines per mm, producing
a series of bright spots (maxima) on a screen.

screen

diffraction ~*~___
grating Tt

What is the total number of bright spots that are produced?

A 4 B 5 c 8 D 9

6. Nov/2023/Paper_9702/13/No.28

Coherent light of constant wavelength is incident normally on a double slit. Interference fringes

are formed on a screen that is a fixed distance from the double slit. The screen is parallel to the
double slit.

The separation of the slits is varied.

Which graph best shows the variation with slit separation a of the spacing x of the interference

fringes?
A B
' [ |
X X
0 = 0 -
0 a 0 a
C D
I
X X
0 > 0 -
0 a 0 a
3
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Nov/2023/Paper_ 9702/13/No.29
A diffraction grating is used to measure the wavelength of light.

The spacing of the slits in the grating is 1.15 < 10®°m. The angle between the first-order
diffraction maxima is 60.0°, as shown.

grating—___[]

light

160.0°

What is the wavelength of the light?

A  288nm B 498nm C 575nm D 99 nm

4
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8. Nov/2023/Paper_9702/21/No.4
(a) State the principle of superposition.

(b) Coherent light is incident normally on two identical slits X and Y. The diffracted light emerging
from the slits superposes to produce an interference pattern on a screen positioned at a
distance of 1.9 m from the slits.

Fig. 4.1 shows the arrangement and the central part of the interference pattern of bright and
dark fringes formed on the screen.

—_—
X
coherent
light ——™
Y

1.9m
B —dark fringe
o65mm g —bright fringe
u o 1.7mm ]
L
[
screen

Fig. 4.1 (not to scale)

The separation of the slits is 0.65mm. The distance between the centres of adjacent bright

fringes is 1.7 mm.

Calculate the wavelength A of the light.

5
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(c) Light waves from slits X and Y in (b) arrive at a point between adjacent bright fringes on the
screen. Fig. 4.2 shows the variation of displacement with time for the waves arriving at the
point where they meet.

A

displacement wave from X wave from Y

time

Fig. 4.2
A student makes two statements about the waves at this point:
Statement 1: ‘The phase difference between the waves is 90°.
Statement 2: ‘The amplitude of the resultant wave is zero.’

(i) Explain how statement 1 is correct.

(d) The width of each slit in (b) is decreased by the same amount. There is no change to the
separation of the slits.

Describe and explain the effect, if any, of this change on the appearance of the interference
pattern.

[Total: 9]
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9. Nov/2023/Paper_ 9702/22/No.5(b, c)
(b) State what is meant by the diffraction of a wave.

7
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(c) A beam of light of wavelength 4.3 x 107" m is incident normally on a diffraction grating in air,
as shown in Fig. 5.3.

third order

beam of light, -

wavelength
43x107"m

A

diffraction
grating

third order

Fig. 5.3 (not to scale)

The third-order diffraction maximum of the light is at an angle of 68° to the direction of the
incident light beam.

(i) Calculate the line spacing d of the diffraction grating.

(ii) Determine a different wavelength of visible light that will also produce a diffraction
maximum at an angle of 68°.

wavelength = ... m [2]

8
STEMUP.CO.UK


https://stemup.co.uk

10. Nov/2023/Paper_ 9702/23/No.5
Two point sources, A and B, produce coherent electromagnetic waves. The waves from A and B
are emitted in phase and have wavelength A, as shown in Fig. 5.1.

/"'""x\ //"—‘--\
________ A___________________B ————

Fig. 5.1 (not to scale)
The lines on Fig. 5.1 represent wavefronts. All the points on a wavefront are in phase.
(a) On Fig. 5.1, mark with a cross (x):
(i) the position of an interference maximum (label this cross Y) [1]
(ii) the position of an interference minimum (label this cross Z). [1]
(b) The waves in air have a wavelength of 2.9 x 10~ m.

An interference pattern is detected along a line parallel to AB and at a perpendicular distance
of 140m from AB. The spacing between adjacent interference maxima is 1.2cm.

(i) Calculate the separation a of the sources A and B.

9
STEMUP.CO.UK


https://stemup.co.uk

(ii) State the principal region of the electromagnetic spectrum to which the waves belong.

[Total: 6]
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