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Chapter 9

Superposition

9.1 Stationary waves

880. 9702_m20_gp_12 Q: 26 0
A musical instrument is made using a long tube with a mouthpiece at ane e other end is
open and flared, as shown. b

®
I

-

7

A musician maintains stationary sound waves with a nod
the other end. The lowest frequency of sound that the i

outhpiece and an antinode at
can produce is 92 Hz.

Which different frequencies of sound can be prod
A 92Hz, 138Hz, 184Hz, 230Hz
92Hz, 184Hz, 276 Hz, 368 Hz

s (3
C 92Hz, 276Hz, 460 Hz, 644 Hz
D 92Hz, 276Hz, 828Hz, 1288@
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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 distancesifrompoint R vibrate in phase.

882. 9702_s20_qp_12 Q: 24

The diagram shows an experiment to a stationary wave in an air column. A tuning fork,
placed above the column, vibrates uces a sound wave. The length of the air column can

be varied by altering the volume2 ter in the tube.
<2f —<

| _-air column

A | 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
\

C/water

Water is then removed from the tube @ond louder sound is heard.

Which diagram shows the new p e stationary wave that is formed?
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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° 0
D different amplitudes and a phase difference of 180° E
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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.

P
speaker i
o i
a.c. supply ~ i
o} i
speaker :
Q

A microphone is moved along the line PQ.

Which graph best shows the variation with distance from P of the intensity of th nd detected
by the microphone?

A
intensity intensity

0+ ™
P Q

distance distance

D
intensity |nten5|ty

0-1 |
Q

s

distance
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887. 9702_s19_qp_13 Q: 26

CHAPTER 9. SUPERPOSITION

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.

X

A detector Q is movedia 3 stant speed from S to P.

What happens to the amplitude of the signal detected by Q?
A decwf,e

. ¢
Increases an
»

B
C increases steadily
D

ily

ases regularly

remains constant
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889. 9702_wil9_qp_11 Q: 26

423

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.

0.50ms™"

N

0.50ms™
B —

" 4.0 V5 \;/.0 55 60 65 7.0 \75 \9/.0 '

Which diagram shows the rope at time = 3.0s7

A

AWAWAWA

" 5.0 \#5 \gf.o \9(5 \j.o 75 ' 5.0

distance/m

distance/m

<
O
&

6o | 65 7.0
dista

7. 'o'sfo'sfs 60 65 70 75
n:

distance/m

*

o
e
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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

S | -
e

det

Y

A detector is moved ,al ight line between the transmitters. It detects positions of
maximum and minimum s . The detector is a distance d from the left-hand transmitter.

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

Which ro‘/&;ive e of d for a maximum and for a minimum?
v;llue r value of d for
a maximum/cm a minimum/cm
A 46 48
B 47 48
Cc 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 upsin 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 @pen end. This is the lowest frequency of
stationary wave that can be formed in this tube.
h frequency f,

h frequency f,

*
? 2L -~
4
Assume the end ction 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.

0.85m

Ioudspeaker\E< | pipe

The length of the pipe is 0.85m.

The speed of sound in air is 340ms™".

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 agvibrator. 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.

string

Y

g

I

vibrator

fixed

. |
A

\
N

L

What are the first five wavelengths of th@onary 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
7
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
2 2-
s/cm s/cm
0 > 0 >
0 T t 0 T
2 2
- 24
C D
2 2
s/cm s/cm

\

o
o
N
h"i Y
o
o
NI~

B
C passing monochromatic light through a double slit
D

passing water waves through a narrow slit

T"i']'PapaCambridge



CHAPTER 9. SUPERPOSITION

* jPPapaCambridge

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

| _\/

The speed of sound in the air is 340ms™

What is the frequency of the sound?

A 430Hz B 570Hz C 850Hz (

899. 9702_wil8_qp_12 Q: 27

Progressive sound waves of wavelength 20cm e ir columns in a closed pipe P and an
open pipe Q. The lengths of the pipes are sho

50cm

In which pipe or pip ionary waves formed?

A PandQ

B Po;ﬁg’

Cc Q onlf

D neither P norQ
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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 Na.

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 theingidentwave
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 cla @one end. The other end is attached to a weight

hanging over a pulley.

S=—

weight

/

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?

difl?‘gfl:r?ce amplitude
A 90° different
B 90° same
C 180° different
D 180° same
904. 9702_s17_gp_13 Q: 26 e
A pipe of length 100cm is open at both ends. A loudspeaker situate d of the pipe can
emit sound of different wavelengths. L/

Ioudspeaker\E(

At which wavelength can a stationary wave

A 50cm B 75cm

N

@uced in the pipe?

D 300cm

pipe
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905. 9702_wil7_qp_11 Q: 23

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

Ioudspeakerﬁ:k

1T
X
tube —_| y
i
water—_| T
g
A tap at the bottom of the tube is opened so that water slowly Iea\@s efFor some lengths
of the air column in the tube, the sound heard is much louder. \

e

the tube has length y.

The first loud sound is heard when the air column in the tub

The next time that a loud sound is heard is when the air ¢
What is the wavelength of the sound wave from the

A 2x D 4(y-x)

?‘]’PapaCambridge
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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 Cc 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 wa

A 50cm B 6.0cm 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).

+9

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

4

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.

?":.'PapaCambridge
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909. 9702_mi16_qp_12 Q: 25

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  92Hz, 138Hz, 184 Hz, 230 Hz, 276 Hz

B 92Hz, 184Hz, 276 Hz, 368 Hz, 460 Hz

C 92Hz, 276Hz, 460Hz, 644 Hz, 828 Hz

D 92Hz 276Hz, 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 The amplitude of the stationary wave is equal to the amplitude of one of the waves creating it.
C The wavelength of the stationary wave is equal to the separation of two adjacent nodes.
D

There is no displacement of a particle at:an antinode at any time.

Q’b

*$
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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

B 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

up a stationary wave.

vibration Q\

up and
down

The diagram shows a long rope fixed a@end. The other end is moved up and down, setting

- ~~

.. fixed
end

_____

What is the phase difference between the oscillations at X and at Y?
A 0,0¢ 45° c 90° D 135°
*®
4
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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
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? 0
A —1.0mm B zero C +0.5mm D +1.0
®
914. 9702_w16_qp_12 Q: 29 &
A microwave transmitter is placed at a fixed distance from E@ecﬁng surface, as shown.
movement
of detecto
________________ _‘: }_________t( reflecting

microwave

transmitter

A microwave detector is moved a straight line from X to Y. A series of maxima and
minima of intensity is obtain ce between adjacent maxima is 1.5¢cm.

What is the frequency
A 1.0x10°Hz
2.0, 48 Hz
B’Hz

B
C 1.0x1
D

rowave radiation?

2.0 x10"Hz

T"i'.’PapaCambridge
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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

B 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 . L
>, ~, fixed
up and

down ond

-----

What is the phase difference between the oscillations at X and at Y?
A 0 <@ 45° Cc 90° D 135°
¢
*®
4
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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

- »
<%

Which pipe contains a standing wave?

l

Y

A e
ju ‘\

&
. =0
&
R A

A
\J
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918. 9702_s15_qp_12 Q: 27

CHAPTER 9. SUPERPOSITION

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

all particles vibrate
with the same amplitude

A all particles vibra
with the same Q

energy is transferred
along the wave

& in adjacent
loops in antiphase
S

wavelength
apart vibrate in phase

energy is transferred
along the wave

particles vibrate in phase

with their immediate neighbours

particles one wavelength
apart vibrate in phase

u
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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.

I \

wavefronts

direction
of travel
of wave

\

1’/
barrier

What is the name of this phenomenon? 0

A coherence
diffraction 0\

B
C interference
D

superposition 0
921. 9702_s20_gp_11 Q: 28 o

Which statement must be true for diffrac@occur when a wave passes through a gap?

A The wave is able to travel in a

The wave is progressiv

B
C Thewavehasal
D

The wave has

?‘]’PapaCambridge
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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

[T 1
o

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
O
923. 9702_s20_qp_13 Q: 28 @

Water waves in a ripple tank are made to pass through a as shown.

Which diagram shows the waves after they have pa ough the gap?

T"i'.’PapaCambridge
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924. 9702_s19_qp_11 Q: 28

441

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

)

—
~~

925. 9702_s19_qp_13 Q: 27 o

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

®
Some diffraction o

Q|-

water waves is observed.

*
* 9

‘o

Which change to the experiment would provide a better demonstration of diffraction?

A

B
Cc
D

Increase the amplitude of the waves.
Increase the frequency of the waves.
Increase the wavelength of the waves.

Increase the width of the gap.

T"i'.’PapaCambridge
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926. 9702_wi19_qp_11 Q: 27

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.

diffracted
water waves

incident
water waves

The gap is slowly widened.

Which changes, if any, occur to 8and to the wavelength o@erging waves?

7] wavelength

decreases remains the sa
increases remains the

remains the same decre

o 0O w r

remains the same i

T"i'.’PapaCambridge
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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 obst )
C Two coherent waves are superpo %
D

Two waves of equal speed % ency are travelling through the same part of a medium

in opposite directions. Q

929. 9702_s18_qp_13 Q: 25

A water \A@% in tank is diffracted as it passes through a gap in a barrier.

Which two i’aétors a e 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

?":.'PapaCambridge
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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_wi18_qp_13 Q: 27

In which situation does diffraction occur@

A A wave bounces back from a Q
A wave passes from o o another.

B
C A wave passes thro
D

aperture.

Waves from two identical sources are superposed.

D 4

4
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933. 9702_ml17_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
P
H
After what time will some portion of the wavefront GH reach point P?
3 B 24 c 34 p 44 0
2c c c c
0
934. 9702_w17_gp_11 Q: 24
Diffraction can be observed when a wave passes an obstru e diffraction effect is greatest
when the wavelength and the obstruction are similar in si
For waves travelling through air, what is the com ave and obstruction that could best

demonstrate diffraction?
A microwaves passing a steel post o
radio waves passing a copper wire

B
C sound waves passing a human
D

visible light waves passi t
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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 I

barrier with
gap of width x

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

diffraction?

vibration ao width
frequency gap ‘\

Which combination of vibration frequency and gap width will produce the zﬁlest angle of

m
N[~ N
R NIx

?‘]'PapaCambridge
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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— ] —
—

Aliby) I

937. 9702_wl7_qp_12 Q: 29

-
RS
~

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

radio transmitter

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

Why is fhis?

A The wavelen 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.

T"i']'PapaCambridge
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938. 9702_mi16_qp_12 Q: 23

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

What does diffraction make possible?
A the ability to hear around corners
B the ability to hear high frequency and low frequency sound waves
C the ability to hear loud and quiet sounds
D

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 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

940. 9702_s16_qp_12 Q: 26
Which statement is an example of the diffraction of light?

A the addition of the amplitudes of tw@ns of light which are in phase

B the change in direction of a be ight when passing from air into water
C the separation of a be ht into a spectrum of colours using a prism
D the spreading of a be f light as it passes through a small hole

*
941. 9702_515?qp_1

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

A infra-red
B microwave
C ultraviolet

D 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 B50nmim D 900nm

Q’b
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944. 9702_s20_qp_12 Q: 29

CHAPTER 9. SUPERPOSITION

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

P second bright fringe
X first bright fringe
* Q central bright fringe
light of Y
wavelength A 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.centreis'at P.
What is the distance between Q and P?

A 6.0x10°2
B 3.0x10°4
C 67x10%4
D

33x107%4
945. 9702_s20_qp_13 Q: 29 a
A double-slit interference experi et up using green light.
A pattern of interference is'formed on a screen.

Which single change will increase the separation of the fringes?

move the scr rer to the double slit

use slits that'are further apart

o O w

use red light instead of green light

?":.'PapaCambridge
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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 /ouble slit is replaced by
another double slit which has half the spacing. The screen is movediso 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 @never be obtained between two monochromatic
beams of light from different lamps?

A The frequency of the lig 0 lamps can never be the same.

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

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

The walele the light from the two lamps must always be different.
¢

4
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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.
Decrease the width of each slit.

B
C Move the screen closer to the double slit.
D

Light of wavelength A is emitted f:Eonint sources R and S and falls onto a distant screen.

Q screen
Re

4 (not to scale)

Use light of a higher frequency.

949. 9702_s19_qp_13 Q: 28

+9

®,

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.

?":.'PapaCambridge
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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
"
e -
gt

L) speakers
stage

L 4
In a double-slit in rence 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.

952. 9702_m18_gpu12

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

?":.'PapaCambridge
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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

,,J,\distance between
20m i bright fringes = 8.0 mm

(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 show@monstrate a double-slit interference pattern on the

screen. Q
. screen
single dou_b I 0
slit S

source --} .......

of lighth oL
®
*&

4

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

T"i']'PapaCambridge
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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°.

A

5cm

S
Y
P

1 S2
o
/

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

What is the amplitude of the oscillation at P? 0
A 0 B X C x D 2 b

2

956. 9702_s18_qp_12 Q: 29 6

A two-source interference experiment uses the appar: own.

ED
~
%

i ouble screen
slit

to provide monochromatic light
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957. 9702_s18_qp_13 Q: 26

CHAPTER 9. SUPERPOSITION

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_w18_gp_11 Q: 28
When the light from two lamps falls on a screen, no interference pattern can be/btained.
Why is this?
A The lamps are not point sources.
The lamps emit light of different amplitudes.

B
C The light from the lamps is not coherent.
D The light from the lamps is white.

959. 9702_wi18_qp_12 Q: 29

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

-
-
==
-
_ -

L 4
At the point'S th
sources. The dis

minimum in the interference pattern produced by waves from the two
(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)

?":.'PapaCambridge



< APPaRACAMBIIAGE. . o onrenence

960. 9702_wi18_qp_13 Q: 28

A student connects two loudspeakers to a signal generator.

signal
generator é

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

L J

What causes the loudness of the sound to vary?

A diffraction of the sound waves v&\

Doppler shift of the sound waves

B
C interference of the sound waves
D

reflection of the sound waves 0

961. 9702_ml17_qp_12 Q: 29

In an experiment to demonstrate interference of light, 2 beam of light is split into two

beams using two slits 0.50 mm@ phese two beams are incident on a laboratory wall at a

distance of 4.0 m.

The wavelength of lig

How far apart ar

L 2
A 0.22rnu3
®

interference fringes that are formed on the laboratory wall?

mm 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 | | | 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.902.

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

B £ c £ oD
4 2

A

o |>

964. 9702_s17_qp_13 Q: 28

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

P

—_— | _screen
ight - -
wavelength A

*® S,
o
‘)‘,.
The nth dark fri rom 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 82P — S1P =nAi
Cc SQP—S1P=(H—%))L

D SQP—S1P=(H+%)/1

T"i']'PapaCambridge
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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

Q

NOT TO
SCALE

Along which of the lines shQs an interference pattern observed?
A both RS and XY.

B RS onlf

C XY onli}.’f”

D neither RS nor XY

T"i']'PapaCambridge
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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 Iight\\+\ : 0

‘\\,Su‘

After emerging from the other side of the slit, the light then fall &s reen.

What is the pattern of light seen on the screen?

D

A B

?‘]’PapaCambridge
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9702_w17_qp_13 Q: 30

The diagrams show four pairs of waves. In each case the displacement y measured at a fixed
point is plotted against time .

Which pair of waves is not coherent?

NAN AN N

AR

T ANN AAN
IERVAVAVERRVEAVEVERL
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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.

P- &

loudspeaker
—— sound barrier
with two slits

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

A The amplitudes of the two wa must be the same.

B The distance PQ mu than the wavelength A.
C The two waves f its must have travelled the same distance to R.
D

The two wave phase at R.

*
* 9

30
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972. 9702_s16_qp_12 Q: 28

463

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.

TV transmitter

By which wave effect at the

A coherence
B diffraction
(o3 interfei?\ce

D reflectizﬁ’

hill

o

[T BT
[FH[{

house

signal reach the house?
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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 t me.

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

How does this affect the int e% ern?

A The bright fringes an dark fringes all become brighter.
B The bright fringes and the dark fringes all become darker.
C Thedrigh

D The béght fri

s become brighter and the dark fringes become darker.

come 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) screen

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 am‘ebstacle and through a gap.

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

Q'z» )

X Y
Which statement i rrect?
o ¢
Diagrams X a th illustrate diffraction.
B Diagrantis Xa oth 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 @ between the
waves from two sources?

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

B ‘\
C The sources must emit waves of equal amplitude. 0&
D

The waves from the two sources must overlap.

?‘]’PapaCambridge
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980. 9702_s15_qp_12 Q: 28

467

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

\
\ \
\ \
\ \ \ \
\ \ \ \
\ \ \
' \ ! | |
oo
1 1 1 | | | |
: ! 1 I
, r' ! I : ! '
] ! / | /
/ / / / ———region of minimum intensity
/ /\
/ / region of maximum,i

What can cause this pattern?

 /
A coherence only (\

B diffraction and interference
C diffraction only
D

interference only

°

981. 9702_s15_qp_13 Q: 29

Wave generators at points X an
waves from X have the s
shown.

e water waves of the same wavelength. At point Z, the
as the waves from Y. Distances XZ and YZ are as

QO
, 24cm 34cm

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

E‘,.’PapaCambridge
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9.4 Diffraction gratings

CHAPTER 9. SUPERPOSITION

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 A

.

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 —+ __ ¢ 2~ D &«
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 gx

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

Thedhird intensity maximum must be produced.

®
£ 4
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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

° 0 0.2 04 yob
sm*\

How many lines per millimetre are on the diffraction grating?

<

A 400mm™ B 625mm™ c 800mm™ 250 mm™"
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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
distant — > E]>-

paint source
E— 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 %ﬁng orange light of wavelength 600nm. The grating

has a slit separation of 2.00 um. :

2nd order orange

/ 1st order orange
0

2

t of _
wavelength  9rating
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? 0
A C

T"i']'PapaCambridge
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989. 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 nermally ‘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.X?

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

991. 9702_w19_gp_11 Q: 29
Monochromatic light of fre @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?
°%
A n= _0 = i C hn= @ D hn= £
cfe c f df
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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? 0
A infra-red

B microwaves QQ
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 - 7] -
What is the angle 67 0
A 19.1° B 258° C 40.8° D 78.8°

996. 9702_w18_qp_12 Q: 30 Q
|

A parallel beam of monochromatic light of wavelength 4..i nt normally on a diffraction
grating G. The angle between the directions of the two der diffracted beams at P, and
at P, is o, as shown.

P,

*
* 9

30

What is the spacing of the lines on the grating?

25 B A c 25 A

sina sina sin(a./2) sin(a./ 2)

T"i'.’PapaCambridge
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997. 9702_wi8_qp_13 Q: 29

475

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

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

Which row shows possibl
per millimetre?

0

ion grating and a diffraction pattern is observed.

F,Qt eplacing the grating with one that has twice as many lines

ol
¢

number of orders of
visible

angle between first and
second orders of diffraction

o 0 W >

de

4

decreases

increases

increases

decreases
increases
decreases

increases
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CHAPTER 9. SUPERPOSITION

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 3406a

1002. 9702_ml16_qp_12 Q: 26

Monochromatic light of wavelength 5.30 x 10" mis i t normally on a diffraction grating. The
first order maximum is observed at an angle of 1 direction of the incident light.

What is the angle between the first and secG iffraction maxima?

A T7.7° B 15.4° D 32.1°

1003. 9702_s16_qp_11 Q: 26

A parallel beam of li eig;gth 450 nm is incident normally on a diffraction grating which

has 300 lines/mm.

What is the tota
e 4

A 7%
®

tensity maxima observed?

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@

° ’1 <

What is the gradient of the graph?
N

A Nn B c =2 D
n N
1005. 9702_s16_qp_13 Q: 28 e
Which wave phenomenon is not needed to explain th n of observable fringes produced by

a double slit experiment?

A coherence o

diffraction

s (3
C interference
D reflection @

&

*
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1006. 9702_wi6_qp_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? 0
A 288nm B 498nm C 575mm D 996
®
1007. 9702_w16_gp_13 Q: 29

A diffraction grating is used to measure the wavelength of romatic light.
The spacing of the slits in the grating is 1.15 x he angle between the first order

diffraction maxima is 60.0°, as shown in the diag%

monoc > 60.0°

Q

light?

What is m‘w

o0 @
A 288 n&’ 8nm C 575nm D 996nm
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