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89 The diagram shows a graph of displacement against time for a sound wave. 9702/11/0/N/12/Q26
A
displacement
[ 1\ [ 1\
[\ [\
0 =t_
ime
\ \
\ |/ \ |/

The intensity of the sound is halved.

Which graph shows the displacement of this sound wave?
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90 What do not travel at the speed of light in a vacuum? 9702/11/0/NM2/Q27

A electrons
microwaves

B
C radio waves
D

X-rays

91 A health inspector is measuring the intensity of a sound. Near a loudspeaker, his meter records

an intensity I. This corresponds to an amplitude A of the sound wave. At another position, the

meter gives an intensity reading of 21I. 9702/13/0/N/12/Q29

What is the corresponding amplitude of the sound wave?

A A B 24 C 2A D 4A
V2

Waves
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92 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

93 A wave has a speed of 340ms™" and a period of 0.28 ms. 9702/11/MIJM3/Q25
What is its wavelength?

A 0.095m B 95m C 12x10°m D 12x10°m

94  Which line in the table summarises the change in wave characteristics on going from infra-red to

ultraviolet in the electromagnetic spectrum? 9702/11/M/J/13/Q26
speed in a
frequency
vacuum

A decreases decreases

B decreases remains constant

C increases remains constant

D increases increases

95 A light wave of amplitude A is incident normally on a surface of area S. The power per unit area
reaching the surface is P. 9702/11/M/J/13/Q24

The amplitude of the light wave is increased to 2A. The light is then focussed on to a smaller

1
area §S.

What is the power per unit area on this smaller area?

A 36P
B 18P
Cc 12P
D 6P

Waves
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96 The order of magnitude of the frequency of the shortest wavelength of visible light waves can be
expressed as 10*Hz. 9702/12/M/J/13/Q24
What is the value of x?

A 12 B 13 C 14 D 15
97 The diagram shows two waves X and Y. 9702/12/M/J/13/Q25
A
displacement
/< wave X
o\ \<\>/ Nwavey tme
Wave X has amplitude 8 cm and frequency 100 Hz.
What are the amplitude and the frequency of wave Y?
amplitude/cm frequency/Hz

A 2 33

B 2 300

Cc 4 33

D 4 300

98 What is correct for all transverse waves? 9702M12IMIJ/13/Q26

A They are all electromagnetic.

B They can all be polarised.

C They can all travel through a vacuum.
D They all involve the oscillation of atoms.

99 Which statement about different types of electromagnetic wave is correct? 9702/13/M/J/13/Q22
A The frequency of infra-red waves is less than the frequency of blue light.

B The frequency of radio waves is greater than the frequency of gamma rays.
C The wavelength of red light is less than the wavelength of ultraviolet waves.
D The wavelength of X-rays is greater than the wavelength of microwaves.

Waves
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100 Electromagnetic waves of wavelength A and frequency ftravel at speed ¢ in a vacuum.

102

What describes the wavelength and speed of electromagnetic waves of frequency f/27?

9702/13/M/1J/13/Q24
wavelength speed in a
vacuum
A A2 cl2
B A2 c
C 22 c
D 22 2c
101 Orange light has a wavelength of 600 nm. 9702/13/M1J/13/Q23
What is the frequency of this light?
A 180GHz 180Hz C 500THz D 500kHz
A sound wave has displacement y at distance x from its source at time t. 9702/13/M/J/13/Q26
Which graph correctly shows the amplitude a and the wavelength A of the wave?
A B
YA y) YA y)
) /\ ; /\
0 \ > 0 \ >
0 l \/ distance x 0 \/ distance x
C D
,Vh /1 y“ l
) /\ ; /\
0 > 0 >
\ time t Q \ time ¢
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When the liquid crystal display of a calculator is observed through a polarising film, the display
changes as the film is rotated. 9702/13/MIJ13/Q25

Which property describes the radiation from the calculator display?

A unpolarised

B a longitudinal wave
C atransverse wave
D

a wave with a 3cm wavelength

A wave has a frequency of 5 GHz. 9702/11/M/J/13/Q4

What is the period of the wave?

A 20000ps

B 20ns

C 2ns

D 200ps

The diagram shows a sketch of a wave pattern, over a short period of time. 9702/11/0/N/13/Q25

N A\ A\ A\ A\ A A /A D
S A A A e A Y ——

I
1
1
< »
. s >
1

1.0m

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.

Which statement about a light wave and a sound wave is correct? 9702/11/0/N/13/Q26
A Both can be polarised.

B Both can travel through free space.

C Both have a frequency inversely proportional to their wavelength.

D

Both have an intensity proportional to their amplitude.

Waves
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107 When plane-polarised light of amplitude A is passed through a polarising filter as shown, the

108

amplitude of the light emerging is A cosé. 9702/11/0INM13/Q30

amplitude A
intensity I

plane-polarised
light

amplitude Acosé
polarising filter
The intensity of the initial beam is I.

What is the intensity of the emerging light when 6 is 60.0°?

A 025071 B 0.500I C 0.750I D 0.866I

The graph shows how the height of the water surface at a point in a harbour varies with time t as
waves pass the point.

height
mean height T/g\ /\ >
\/ Nt

) q

9702/13/0/N/13/Q25

! »
I L
I
1

What are p and g?

p q
A displacement period
B displacement wavelength
C amplitude period
D amplitude wavelength

Waves
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Electromagnetic waves from an unknown source in space were found to be significantly diffracted

. -5
when passing through gaps of the order of 10 m. 070211 3/0IN/13/Q24

Which type of wave are they most likely to be?
A radio waves

B microwaves

C infra-red waves

D ultraviolet waves

A cathode-ray oscilloscope (c.r.o.) displays a waveform corresponding to a sound wave.

In order to determine the frequency of the sound wave, which part of the displayed waveform

. : o
must be measured and which c.r.o. setting must be known? 9702/13/MIJ14/Q25

on-screen .
c.r.o. setting
measurement
A amplitude time-base
B amplitude Y-gain
C wavelength time-base
D wavelength Y-gain

Which statement about longitudinal waves is correct? 97021 1IMIJ14/Q22

A Longitudinal waves include radio waves travelling through air.

B Particles in a longitudinal wave vibrate at right-angles to the direction of transfer of wave
energy.

Some types of longitudinal wave can be polarised.

Stationary waves can be produced by the superposition of longitudinal waves.

The order of magnitude of the frequency of the longest-wavelength ultraviolet waves can be
expressed as 10"Hz. 9702/11/M/J/14/Q23

What is the value of x?

A 13 B 15 c 17 D 19

Waves
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113 What is the approximate range of frequencies of infra-red radiation? 9702/13/M/J14/Q26

114 A small source emits spherical waves.

115

A 1x10°Hz to 1x10°Hz
B 1x10°Hz to 1x10"Hz
C 1x10"Hz to 1x10"Hz
D 1x10™Hz to 1x10"Hz

9702/13/M1J/14/Q27

source

The wave intensity I at any point P, a distance r from the source, is inversely proportional to r%

What is the relationship between the wave amplitude a and the distance r?

A ol B acx C ax D aw 1+
r r r2 r4
The speed v of waves in deep water is given by the equation v2= 927_/1 9702/11/M/J/14/Q24
T

where 1 is the wavelength of the waves and g is the acceleration of free fall.

A student measures the wavelength 1 and the frequency f of a number of these waves.
Which graph should he plot to give a straight line through the origin?

A f?against 4

B fagainst 42

C fagainst %

D f2against 1
A

Waves
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116 A sound wave consists of a series of moving pressure variations from the normal, constant air

pressure. 9702/12/M/J/14/Q23

The graph shows these pressure variations for two waves at one instant in time.

pressure
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Wave 1 has an intensity of 1.6 x 10°Wm™,

What is the intensity of wave 2?7
A 24x10°Wm™
B 3.0x10°wWm™
C 36x10°wWm™
D 45x10°Wm™

117 The diagram shows a vertical cross-section through a water wave moving from left to right.

At which point is the water moving upwards with maximum speed? 9702/12/M/JN4/Q24

Waves
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118 What, to two significant figures, are the period, the frequency and the amplitude of the wave

represented by the graph? 9702/12/MIJ/14/Q22
10
displacement N Ve ey =~
/mm N A CHEN N
/ \
/ \ / \ /
0 \ a £ N \ time/ms
0 e /-4 \1-16 8 10/ 12\
/ / / \
N/ B4 Al N
-10
period frequency | amplitude
/s /Hz /m
A 0.0027 370 0.0067
B 0.0031 320 0.013
C 0.0035 290 0.0067
D 0.0042 240 0.013
119 Which statement about waves is correct? 9702/13/0/N/14/Q26
A All electromagnetic waves travel at the same speed in a vacuum.
B Longitudinal waves can be polarised.
C The amplitude of a wave is directly proportional to the energy transferred by the wave.
D The frequency of infra-red light is greater than the frequency of ultra-violet light.
120 Which statement describes a situation when polarisation could not occur? 9702/11/0/N/14/Q24
A Light waves are reflected.
B Light waves are scattered.
C Microwaves pass through a metal grid.
D Sound waves pass through a metal grid.
121 A stationary sound wave is produced in a tube. 9702/11/0/N/14/Q25

Which statement describes the wave speed?

A

B
C
D

It is the distance between two adjacent nodes divided by the period of the wave.
It is the speed at which energy is transferred from one antinode to an adjacent antinode.
It is the speed of a particle at an antinode.

It is the speed of one of the progressive waves that are producing the stationary wave.

Waves
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122 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

0 ~—

/

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
123 Plane wavefronts in a ripple tank pass through a gap as shown. 9702/13/0/N/14/Q28

P >>>>

Which property of the wave will be different at Q compared with P?

A velocity
B frequency
C amplitude
D wavelength
124 Which statement about electromagnetic radiation is correct? 9702/11/0/N/14/Q22
A Waves of wavelength 5 x 10~?m are high-energy gamma rays.
B Waves of wavelength 3 x 10 m are ultra-violet waves.
C Waves of wavelength 5 x 107" m are infra-red waves.
D Waves of wavelength 9 x 10" m are light waves.

Waves
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125 When sound travels through air, the air particles vibrate. A graph of displacement against time for

a single air particle is shown. 9702/11/0/N/14/Q23
A
displacement /\ /\
0 T > .
0/ \7/ YT time
Which graph best shows how the kinetic energy of the air particle varies with time?
A B
kinetic # kinetic #
energy \ /\ / energy /\
0 T . 0 T > .
0 T 2T time 0 T 2T time
C D
kinetic 4 kinetic 4
\VAVAVAV AAVAVAVA!
0 T . 0 T .
0 T o1 time 0 T o1 time
126 Two light waves of the same frequency are represented by the diagram. 9702/12/M/J/15/Q24

displacement

A

1

1 1 1
40 500 \600 phase angle/°

What could be the phase difference between the two waves?

A 150°

B 220° C 260°

Waves
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127 A cathode-ray oscilloscope (c.r.0.) is used to display the trace from a sound wave. The time-base
: —1
is setat Susmm™. 9702/13/M/J/15/Q25

/TN /TN
/ / I1cm

>
1cm
What is the frequency of the sound wave?
A 6.7Hz B 67Hz C 6.7kHz D 67kHz
128 A wave pulse moves along a stretched rope in the direction shown. 9702/13/M/J/15/Q26
—_—
P
e N—

Which diagram correctly shows the variation with time t of the displacement s of the particle P in

the rope?
A A A B
S S
/ t \ t
A Cc A D
S S
/ t N

129 A sound wave has a speed of 330ms™" and a frequency of 50 Hz. 9702/12/MI/15/Q25

What is a possible distance between two points on the wave that have a phase difference of 60°?

A 0.03m B 1.1m C 22m D 6.6m

Waves
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130 Which electromagnetic wave would cause the most significant diffraction effect for an atomic

. . —10 2
lattice of spacing around 107" m~ 97021 3/MIJ15/Q28

A infra-red
B microwave
C  ultraviolet

D X-ray

131 A sound wave moves with a speed of 320ms™" through air. The variation with time of the

displacement of an air particle due to this wave is shown in the graph.
9702/11/M/1J/15/Q24

displacement 0.2

/mm
0
0 2\/4 6\/8 1 o'\ time/ms
—0.2-

Which statement about the sound wave is correct?

A The frequency of the wave is 500Hz.

B The graph shows that sound is a transverse wave.

C The intensity of the wave will be doubled if its amplitude is increased to 0.4 mm.
D

The wavelength of the sound wave is 1.28 m.

132 A wave of frequency 15Hz travels at 24 ms™" through a medium. 9702/11/M/15/Q25

What is the phase difference between two points 2m apart?

A There is no phase difference.

B They are out of phase by a quarter of a cycle.
C They are out of phase by half a cycle.

D They are out of phase by 0.8 of a cycle.

133 A wave of amplitude a has an intensity of 3.0Wm™. 9702/11/M/J/15/Q26

What is the intensity of a wave of the same frequency that has an amplitude 2a?

A 42Wm™ B 6.0Wm™ C 9.0Wm=3 D 12Wm™

Waves
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134 An electromagnetic wave has a wavelength that is numerically of the same order of magnitude as
the diameter of a nucleus. 97021 1/MIJI15/Q27

In which region of the electromagnetic spectrum does the wave occur?
A gamma ray

B X-ray

C visible light

D

infra-red

Waves
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Q1.

4

(a) State three conditions that must be satisfied in order that two waves may interfere.
1.
2.

3.

wee [3]

(b) The apparatus illustrated in Fig.4.1 is used to demonstrate two-source interference

using light.

Y

light,

wavelength 4 N

screen

Fig. 4.1 (not to scale)

The separation of the two slits in the double slit arrangement is a and the interference
fringes are viewed on a screen at a distance D from the double slit. When light of
wavelength A is incident on the double slit, the separation of the bright fringes on the
screen is x.

(i) 1. Suggest a suitable value for the separation a of the slits in the double slit.

2. Write down an expression relating A, a, D and x.

B

STEMUP.CO.UK
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(ii) Describe the effect, if any, on the separation and on the maximum brightness of the
fringes when the following changes are made.

1. The distance Dis increased to 2D, keeping a and A constant.
SR AN S e SR e B e T S S R TR N R R
IMEXITIUNT DAGHHISSS, . cieisuissmioimsrsmmssnsnspuasassssiprivassasssnsissnns nsonsassminfasipesssanons
2. The wavelength Ais increased to 1.54, keeping a and D constant.
BB A O s T s RS T TR R s
maximum BrightNesS: ... e

3. The intensity of the light incident on the double slit is increased, keeping A, a
and D constant.

SO ETRMIONND . cce s momemmmrsis o s s i T s o R S S N

maximum brightness: ..............

Q2.

2 Fig.2.1 shows the variation with distance x along a wave of its displacement d at a particular
time.

\.._____.#'Xl"m-n..____,.t

Fig. 2.1

The wave is a progressive wave having a speed of 330ms™'.

STEMUP.CO.UK
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(a) (i) Use Fig.2.1to determine the wavelength of the wave.
wavelength = ... m

(if} Hence calculate the frequency of the wave.

fTEQUBNEY S v ovsrsnmrssmneman: Hz

(3]

(b) A second wave has the same frequency and speed as the wave shown in Fig. 2.1 but
has double the intensity. The phase difference between the two waves is 180°.

On the axes of Fig.2.1, sketch a graph to show the variation with distance x of the
displacement d of this second wave. [2]

Q3.

6 Fig 6.1 shows wavefronts incident on, and emerging from, a double slit arrangement.
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—
NS

—_—

The wavefronts represent successive crests of the wave. The line OX shows one direction
along which constructive interference may be observed.

(@) State the principle of superposition.

. 3]

(b) On Fig. 6.1, draw lines to show

(i) a second direction along which constructive interference may be observed (label
this line CC),

(ii) a direction along which destructive interference may be observed (label this line

DD).
(2

STEMUP.CO.UK
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(c) Light of wavelength 650nm is incident normally on a double slit arrangement. The
interference fringes formed are viewed on a screen placed parallel to and 1.2 m from the
plane of the double slit, as shown in Fig.6.2.

screen
I
light of I
a
wavelength 650nm § Y
1.2m
not to scale
Fig.6.2
The fringe separation is 0.70 mm.
(i) Calculate the separation a ofthe slits.
separation = ... m [3]
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Q4.

(i) The width of both slits is increased without changing their separation a. State the

effect, if any, that this change has on

1. the separation of the fringes,

{a) Explain what is meant by the diffraction of a wave.

{b) Light of wavelength 590 nm is incident normally on a diffraction grating having 750 lines

per millimetre.
The diffraction grating formula may be expressed in the form

dsing = nA.

(i) Calculate the value of d, in metres, for this grating.
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(ii) Determine the maximum value of n for the light incident normally on the grating.

maximum value of 1= .. [2]

(iff) Fig. 5.1 shows incident light that is not hormal to the grating.

diffracted

incident
light

light

il
AN

| grating

Fig. 5.1

Suggest why the diffraction grating formula, dsiné = nA, should not be used in this
situation.

(c) Light of wavelengths 590 nm and 595 nm is now incident normally on the grating.
Two lines are observed in the first order spectrum and two lines are observed in the
second order spectrum, corresponding to the two wavelengths.
State two differences between the first order spectrum and the second order spectrum.

Q5.
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6 A longtube, fitted with atap, is filled with water. A tuning fork is sounded above the top of the
tube as the water is allowed to run out of the tube, as shown in Fig.6.1.

tuning fork
512Hz
T T

324cm

1] I+

Fia 6 1 Ein 6 2

A loud sound is first heard when the water level is as shown in Fig. 6.1, and then again when
the water level is as shown in Fig.6.2.

Fig. 6.1 illustrates the stationary wave produced in the tube.

(a) OnFig.6.2,
(i} sketch the form of the stationary wave set up in the tube, [1
(ii} mark, with the letter N, the positions of any nodes of the stationary wave. [1


https://stemup.co.uk

{(b) The frequency of the fork is 512 Hz and the difference in the height of the water level for
the two positions where a loud sound is heard is 32.4 cm.

Calculate the speed of sound in the tube.

(¢} The length of the column of air in the tube in Fig.6.1 is 15.7 cm.

Suggest where the antinode of the stationary wave produced in the tube in Fig.6.1 is
likely to be found.

..................................................................................................................................... [2]
Q6.
5 Light reflected from the suiface of smooth water may be described as a polarised transverse
wave,
(a) By reference to the direction of propagation of energy, explain what is meant by
(i) atransverse wave,
.............................................................................................................................. 11
(if) polarisation.
.............................................................................................................................. 1
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(b) A glasstube, closed at one end, has fine dust sprinkled along its length. A sound source
is placed near the open end of the tube, as shown in Fig. 5.1.

dust heap
tube
sound
source
) 39.0cm i

Fig. 5.1

The frequency of the sound emitted by the source is varied and, at one frequency, the
dust forms small heaps in the tube.

(i) Explain, by reference to the properties of stationary waves, why the heaps of dust
are formed.

10
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(if) One frequency at which heaps are formed is 2.14 kHz.
The distance between six heaps, as shown in Fig. 5.1, is 39.0 cm.
Calculate the speed of sound in the tube.

(c}] The wave in the tube is a stationary wave. Explain, by reference to the formation of a
stationary wave, what is meant by the speed calculated in (b){ii).

...................................................................................................................................... [3]
Q7.

5 (a) State what is meant by A
Exam
(i) the frequency of a progressive wave, U

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

(ii) the speed of a progressive wave.
.............................................................................................................................. [1]

11
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(b) One end of along string is attached to an oscillator. The string passes over a frictionless
pulley and is kept taut by means of a weight, as shown in Fig. 5.1.

Fig. 5.1

The frequency of oscillation is varied and, at one value of frequency, the wave formed
on the string is as shown in Fig. 5.1.

(i) Explain why the wave is said to be a stationary wave.

(if) State what is meant by an antinode.

(iff) On Fig. 5.1, label the antinodes with the letter A.

12
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(c) A weight of 4.00N is hung from the string in (b) and the frequency of oscillation is
adjusted until a stationary wave is formed on the string. The separation of the antinodes ¢
on the string is 17.8 cm for a frequency of 125Hz.

The speed v of waves on a string is given by the expression

i

V= \lﬁ .

where T is the tension in the string and mis its mass per unit length.
Determine the mass per unit length of the string.

mass perunit length = ... kgm~' [5]

Q8.

93 Two sources S, and S, of sound are situated 80 cm apart in air, as shown in Fig.5.1.

100cm

80cm

Fig. 5.1

13
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Q9.

The frequency of vibration can be varied. The two sources always vibrate in phase but have
different amplitudes of vibration.

A microphone M is situated a distance 100cm from S, along a line that is normal to S, S,,.

As the frequency of S, and S, is gradually increased, the microphone M detects maxima and
minima of intensity of sound.

(@) State the two conditions that must be satisfied for the intensity of sound at M to be
zero.

(b) The speed of sound in air is 330ms™'.

The frequency of the sound from S, and S, is increased. Determine the number of
minima that will be detected at M as the frequency is increased from 1.0kHz to 4.0kHz.

NUMbBEr = ... cecie e [

14

STEMUP.CO.UK
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5 A double-slit interference experiment is set up using coherent red light as illustrated in

Fig.5.1.

coherent
red light

double slit

0.86mm

screen

24m

Fig. 5.1 (not to scale)

The separation of the slits is 0.86 mm.

The distance of the screen from the double slitis 2.4 m.
A series of light and dark fringes is observed on the screen.

(a) State what is meant by coherent light.

(b) Estimate the separation ofthe dark fringes on the screen.

(c) Initially, the light passing through each slit has the same intensity.
The intensity of light passingthrough one slit is now reduced.

separation =

. M1

Suggest and explain the effect, if any, on the dark fringes observed on the screen.

Q10.

15
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4

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

(b) A laser produces a narrow beam of coherent light of wavelength 632nm. The beam is
incident normally on a diffraction grating, as shown in Fig. 4.1.

diffraction
grating )
//
laser light
wavelength 632 nm P |76cm
Sy
165¢cm screen
Fig- 4.1

Spots of light are observed on a screen placed parallel to the grating. The distance
between the grating and the screen is 165¢cm.

The brightest spot is P. The spots formed closest to P and on each side of P are X
andY.

X andY are separated by a distance of 76 cm.

Calculate the number of lines per metre on the grating.

humber per metre = .. [4]

16


https://stemup.co.uk

(¢} The grating in (b) is now rotated about an axis parallel to the incident laser beam, as

shown inFig.4.2. Exi
diffraction diffraction
~ grating _~ grating
%
laser WIH laser %
light light
before rotation after rotation
Fig. 4.2

State what effect, if any, this rotation will have on the positions of the spots P, X and Y.

{d) In another experiment using the apparatus in (b), a student notices that the distances
XP and PY, as shown in Fig. 4.1, are not equal.
Suggest a reason for this difference.

...................................................................................................................................... [1]
Q11.
4 (a) State two features of a stationary wave that distinguish it from a progressive wave. o
Craminer 5
o L S R e S O T R R 5
s st s e s s s s s e e et e s e e ey s g
(2]

17
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{(b) A long tube is open at one end. It is closed at the other end by means of a piston that
can be moved along the tube, as shown in Fig.4.1.

tube

Ioudspeaker/EK !

|
|
I
1

piston

- L |

Y

Fig. 4.1

A loudspeaker producing sound of frequency 550 Hz is held near the open end of the
tube.

The piston is moved along the tube and a loud sound is heard when the distance L
between the piston and the open end of the tube is 45 cm.
The speed of sound in the tube is 330ms".

(i} Showthat the wavelength of the sound in the tube is 60cm.

(1]
(i) On Fig. 4.1, mark all the positions along the tube of
1. the displacement nodes (label these with the letter N),
2. the displacement antinodes (label these with the letter A). 4

18
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{c) The frequency of the sound produced by the loudspeaker in (b) is gradually reduced.

Exs

Determine the lowest frequency at which a loud sound will be produced in the tube of

length L =45cm.
frequency = . Hz [3]
Q12.

5 [a] A source of sound has frequency 7. Sound of wavelength Z is produced by the source. s
Exam
(i) State 4

1. what is meant by the frequency of the source,

.............................................................................................................................. [1]
2. the distance moved, in terms of 4, by a wavefront during n oscillations of the

source.
distance = onsnnmsnnnnnnnnsanay [1]

(i) Use your answers in (i) to deduce an expression for the speed v of the wave in
terms of fand 4.

(2]

19
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(b) The waveform of a sound wave produced on the screen of a cathode-ray oscilloscope
(c.r.o.) is shownin Fig. 5.1.

I1cm

-
1cm
Fig. 5.1
The time-hase setting of the c.r.o.is 20 mscm~".
() Determine the frequency of the sound wave.
freqUentY = i e, Hz [2]

(i) A second sound wave has the same frequency as that calculated in {i). The
amplitude of the two waves is the same but the phase difference between them

is 90°.
On Fig. 5.1, draw the waveform of this second wave. [1

Q13.
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7 (a) Explain the term interference.

(b) A ripple tank is used to demonstrate interference between water waves.

Describe

(i) the apparatus used to produce two sources of coherent waves that have circular
wavefronts,

21
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(ii) how the pattern of interfering waves may be observed.

(c} A wave pattern produced in (b) is shown in Fig. 7.1.

Fig. 7.1

22
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Solid lines on Fig. 7.1 represent crests.

On Fig. 7.1,

(i) draw two lines to show where maxima would be seen (label each of these lines
with the letter X), [1]

(if} draw one line to show where minima would be seen (label this line with the letter N).

[1]

Q14.

6 (a) Apparatus used to produce interference fringes is shown in Fig. 6.1. The apparatus is

not drawn to scale. Ex:

two slits
AN B bright fringe
wN P dark fringe
LASER N[~ ————————1C bright fringe

screen

Fig. 6.1 (not to scale)
Laser light is incident on two slits. The laser provides light of a single wavelength.
The light from the two slits produces a fringe pattern on the screen. A bright fringe is
produced at C and the next bright fringe is at B. A dark fringe is produced at P.

(I} Explain why one laser and two slits are used, instead of two lasers, to produce a
visible fringe pattern on the screen.

23


https://stemup.co.uk

(ii) State the phase difference between the waves that meet at

2i P sy [1
(ilf) 1. State the principle of superposition.

2. Use the principle of superposition to explain the dark fringe at P.

{b) In Fig. 6.1 the distance from the two slits to the screen is 1.8m. The distance CP is
2.3mm and the distance between the slits is 0.25mm.
Calculate the wavelength of the light provided by the laser.

wavelength = ... nm [3]

Q15.
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6

(a) A transverse progressive wave travels along a stretched string from left to right. The
shape of part of the string at a particular instant is shown in Fig. 6.1.

8.0

Pr

displacement &0 TN N
/mm AN A N
4.0

H 80 1H 551?0ﬁ5 fﬁ1$o
-7/ |distance along string/cm

Fig. 6.1

The frequency of the wave is 15Hz.
For this wave, use Fig. 6.1 to determine

(i) the amplitude,
amplitude = ... mm [1]
(if} the phase difference hetween the points P and Q on the string,
phase difference = .......co.omnaimimnasminmi [1]

(ili) the speed of the wave.

(b) The period of vibration of the wave is T. The wave moves forward from the position
shown in Fig 6.1 for a time 0.25T. On Fig. 6.1, sketch the new position of the wave. [2]

25
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(¢} Another stretched string is used to form a stationary wave. Part of this wave, at a
particular instant, is shown in Fig. 6.2.

Fig. 6.2
The points on the string are at their maximum displacement.
(i) State the phase difference between the particles labelled X and Y.

phase difference = ... [1]

(ii) Explain the following terms used to describe stationary waves on a string:

= a1 1T o T 1=
3 L L
(1
(iii) State the number of antinodes shown on Fig. 6.2 for this wave.
humber of antinodes = ..o [1

(iv) The period of vibration of this wave is . On Fig. 6.2, sketch the stationary wave
0.25 ¢ after the instant shown in Fig. 6.2. [1]

Q16.
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6 (a) Alaseris usedto produce an interference pattern on a screen, as shown in Fig.6.1.

laser light
wavelength 630nm 0.450 mm

double slit™ 1.50m

| screen

Fig. 6.1 (not to scale)

The laser emits light of wavelength 630nm. The slit separation is 0.450 mm. The distance
between the slits and the screen is 1.50m. A maximum is formed at P, and a minimum
is formed at Pz-

Interference fringes are observed only when the light from the slits is coherent.

() Explain what is meant by coherence.

.............................................................................................................................. [2]
(if) Explain how an interference maximum is formed at P,.
.............................................................................................................................. [1]
(i) Explain how an interference minimum is formed at P,
.............................................................................................................................. [1]
(iv) Calculate the fringe separation.
fringe separation = ... m [3]
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(b) State the effects, if any, on the fringes when the amplitude of the waves incident on the
double slits is increased. Ex

[3]

Q17.

6 (a) Use the principle of superposition to explain the formation of a stationary wave.

(b) Describe an experiment to determine the wavelength of sound in air using stationary
waves.Include a diagram of the apparatus in your answer,

28
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(c) The variation with distance x of the intensity I of a stationary sound wave is shown in

Fig.6.1.
1.0
I farbitrary INCEEHH
units \ |
0 | |
60
x/em

Fig. 6.1

(i} Onthe x-axis of Fig. 6.1, indicate the positions of all the nodes and antinodes of the
stationary wave. Label the nodes N and the antinodes A. [1]

29
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(i) The speed of sound in airis 340ms™'.

Use Fig. 6.1 to determine the frequency of the sound wave.

freqUENCY = ..o Hz [3]

Q18.

6 (a) Monochromatic light is diffracted by a diffraction grating. By reference to this, explain
what is meant by

(i) diffraction,

.............................................................................................................................. [2]
(if) coherence,

.............................................................................................................................. 1
(ili) superposition.

.............................................................................................................................. 1
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Q19.

5

(b) A parallel beam of red light of wavelength 630nm is incident normally on a diffraction
grating of 450 lines per millimetre.

Calculate the number of diffraction orders produced.

number of orders = ......oocee i [3]

(c) The red light in (b) is replaced with blue light. State and explain the effect on the
diffraction pattern.

(a) State three conditions required for maxima to be formed in an interference pattern
produced by two sources of microwaves.
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(b} A microwave source M emits microwaves of frequency 12 GHz. Showthat the wavelength
of the microwaves is 0.025m.

[3]

(c) Two slits S, and S, are placed in front of the microwave source M described in (b), as
shown in Fig 5.1.

AP
i
4
|
|
:
. |
S :
|
O F—
M LN
| \‘
| microwave
| detector
|
|
|
|
|
|
|
|
|

Fig. 5.1 (not to scale)

The distances S, 0 and S,0 are equal. A microwave detector is moved from O to P. The
distance S,P is 0.75m and the distance S,P is 0.90m.
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The microwave detector gives a maximum reading at O. ;

Eram
State the variation in the readings on the microwave detector as it is moved slowly along b
the line from Oto P.
..................................................................................................................................... [3]
(d) The microwave source M is replaced by a source of coherent light.
State two changes that must be made to the slits in Fig. 5.1 in order to observe an
interference pattern.
e
7S
[2]
Q20.
5 Fig. 5.1 shows a string stretched between two fixed points P and Q. ;
Exan
string ¢
P N
= n | \‘\ Q E
vibrator wall
Fig. 5.1

A vibrator is attached near end P of the string. End Q is fixed to a wall. The vibrator has a
frequency of 50 Hz and causes a transverse wave to travel along the string at a speed of
40ms',

(a) (i) Calculate the wavelength of the transverse wave on the string.

wavelength = ... m [2]
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(ii) Explain how this arrangement may produce a stationary wave on the string.

(b) The stationary wave produced on PQ at one instant of time fis shown on Fig. 5.2.

(i)

(i)

(i)

Q21.

Each point on the string is at its maximum displacement.

Fig. 5.2 (not to scale)

On Fig. 5.2, label all the nodes with the letter N and all the antinodes with the
letter A. [2]

Use your answer in (a)(i) to calculate the length of string PQ.

On Fig. 5.2, draw the stationary wave at time (f + 5.0ms). Explain your answer.
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5 (a) Explain the principle of superposition.

(b) Sound waves travel from a source S to a point X along two paths SX and SPX, as

(i)

(ii)

(i)

Q22.

shown in Fig. 5.1.

reflecting surface

Fig. 5.1

State the phase difference between these waves at X for this to be the position of
1. aminimum,

phase difference = ... U oo [1]
2.  amaximum.

phase difference = ... UNit e [1]

The frequency of the sound from S is 400 Hz and the speed of sound is 320ms™".
Calculate the wavelength of the sound waves.

wavelength = ... m [2]
The distance SP is 3.0m and the distance PX is 4.0m. The angle SPX is 90°.

Suggest whether a maximum or a minimum is detected at point X. Explain your
answer.

35
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5 The variation with time t of the displacement x of a point in a transverse wave T, is shown in

Fig. 5.1.
[ ] X_s'_‘
A A 7 N
\, " N\ / N
/ / r1
/
! > 3 T 5 5 58
\ /S
) /
{ N
A
Fig. 5.1

(a

By reference to displacement and direction of travel of wave energy, explain what is
meant by a transverse wave.

(b) A second transverse wave T,, of amplitude A has the same waveform as wave T, but
lags behind T, by a phase angle of 60°. The two waves T, and T, pass through the
same point.

0]

(i)

(ii)

On Fig. 5.1, draw the variation with time t of the displacement x of the point in
wave T,. 2]

Explain what is meant by the principle of superposition of two waves.

............................................................................................................................... [2]
For the time t = 1.0 s, use Fig. 5.1 to determine, in terms of A,
1. the displacement due to wave T, alone,

HISPIEEEMBIITTE v s smene s n s n s s e e
2. the displacement due to wave T, alone,

displacemant:= soseennsmannannaiays s
3. the resultant displacement due to both waves.

displacement = ...

[3]
36
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Q23.

4 (a) Fig. 4.1 shows the variation with time t of the displacement x of one point in a
progressive wave.

0.4 -

: e
X/ mm
e

0 0.1 02 03 04 05
/
—02 t'ms

Fig. 4.1

Fig. 4.2 shows the variation with distance d along the same wave of the displacement x.

04
X/ mm £
0.2
00 5 10 15 20 .
] [
—0.2 d/cm
-0.4
|
Fig. 4.2

(i) Use Figs. 4.1 and 4.2 to determine, for this wave,

1. the amplitude,

-1 o] DT L2 RO mm

2. the wavelength,

wavelengthi=commmeresemmeanes m

37
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3. thefrequency,

frequency =

4. the speed.

(ii) On Fig.4.2, draw a second wave having the same amplitude but halfthe frequency

as that shown.

(1]

(b) Light of wavelength 590 nm is incident at right angles to a diffraction grating having

5803 107 lines per metre, as illustrated in Fig. 4.3.

grat screen
=
incidentlight e >
wavelength 580 nm — )}
T
L 1.50m -

Fig. 4.3

38
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(i)

A screen is placed parallel to and 1.50 m from the grating. Calculate

(i) the spacing, in pm, of the lines of the grating,

s F- (o] ) Lo = RSSO S Hm

the angle 6 to the original direction of the light at which the first order diffracted
image is seen,
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(i)

Q24.

2

the minimum length L of the screen so that both first order diffracted images may
be viewed at the same time on the screen.

The spectrum of electromagnetic waves is divided into a number of regions such as radio
waves, visible light and gamma radiation.

(a) State three distinct features of waves that are common to all regions of the
electromagnetic spectrum.

(b) A typical wavelength of visible light is 495 nm. Calculate the number of wavelengths of
this light in a wave of length 1.00m.

number = ... [2]
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(c) State a typical wavelength for

(i} X-rays,
wavelength = ...l m
(ii) infra-red radiation.
wavelength = ...l m
(2]

Q25.

4 A string is stretched between two fixed points. It is plucked at its centre and the string
vibrates, forming a stationary wave as illustrated in Fig. 4.1.

I 75¢cm I

| Sl

| |

| |
Fig. 4.1

The length of the string is 75 cm.
(a) State the wavelength of the wave.

wavelength = ... m [1]

41
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{b) The frequency of vibration of the string is 360 Hz. Calculate the speed of the wave on
the string.

(c) By reference to the formation of the stationary wave on the string, explain what is meant
by the speed calculated in (b}).

Q26.

5 Fig.5.1 shows the variation with time f of the displacements x, and xg at a point P of two
sound waves A and B.
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(a) By reference to Fig. 5.1, state one similarity and one difference between these two
waves.

S| I s R R R R
o =] o T |

(b) State, with a reason, whether the two waves are coherent.

]
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(c) The intensity of wave A alone at point P is I. ror

Examine
(i) Show thatthe intensity of wave B alone at point P is %I. Uz

(2
(if) Calculate the resultant intensity, in terms of I, of the two waves at point P.
resultantintensity = ... I[2]
(d) Determine the resultant displacement for the two waves at point P
(i) attimet=3.0ms,
resultant displacement= ... cm [1]
(i) attimet=4.0ms.
resultant displacement= ....................oc cm [2]

Q27.
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4

{a) In orderthat interference between waves from two sources may be observed, the waves

must be coherent.
Explain what is meant by
(1) interference,

(b) Red light of wavelength 644 nm is incident normally on a diffraction grating having 550
lines per millimetre, as illustrated in Fig.4.1.

diﬁr_action _. 15t order, wavelength 4
grating _.~__ 1%t order, wavelength 644 nm
bty ot J'
incident light =2
- zero order
wavelengths 644 nm T
and 1 N
e
~< > 1%t order, wavelength 644 nm
"~ 1% ordler, wavelength A
Fig. 4.1

Red light of wavelength A is also incident normally on the grating. The first order
diffracted light of both wavelengths is illustrated in Fig.4.1.

45
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(ij Calculate the number of orders of diffracted light of wavelength 644 nm that are

visible on each side of the zero order. e

(10 1] + -] o T —————— [4]

(if) State and explain

1. whether Ais greater or smaller than 644 nm,

.............................................................................................................................. [

2. in which order of diffracted light there is the greatest separation of the two
wavelengths.

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

Q28.
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3 (a) Fig.5.1 shows the variation with time f of the displacement y of a wave W as it passes a
point P. The wave has intensity I.

y &

[~ ¥

_______ - wave W

Fig. 5.1

A second wave X of the same frequency as wave \W also passes point P.
This wave has intensity L. The phase difference between the two waves is 60°.
On Fig. 5.1, sketch the variation with time f of the displacement y of wave X. [3]

(b) In adouble-slit interference experiment using light of wavelength 540nm, the separation
of the slits is 0.700mm. The fringes are viewed on a screen at a distance of 2.75m from
the double slit, as illustrated in Fig. 5.2 (not to scale).

coherent light
0.700 mm
wavelength 540 nm
! N
= 275 m =l screen
Fig. 5.2
47
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(i)

Q29.

6

Calculate the separation of the fringes observed on the screen.

separation = ... mm [3]

(c) State the effect, if any, on the appearance of the fringes observed on the screen when

the following changes are made, separately, to the double-slit arrangement in (b).

() The width of each slit is increased but the separation remains constant.

............................................................................................................................. [3]
The separation of the slits is increased.
............................................................................................................................. [2]
(a) Explain what is meant by the diffraction of a wave.
..................................................................................................................................... [21
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(b) (i) Outline briefly an experiment that may be used to demonstrate diffraction of a
transverse wave.

({if} Suggest how your experiment in (i) may be changed to demonstrate the diffraction
of a longitudinal wave.

Q30.
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5 (a) sState what is meant by a progressive wave. For

(b) The variation with distance x along a progressive wave of a quantity y, at a particular

(i)

(i)

time, is shown in Fig.5.1.

SN N
N\ |

1],
0

Fig. 5.1

State what the quantity y could represent.

............................................................................................................................ [1]
Distinguish between the quantity y for

1. atransverse wave,
............................................................................................................................. [1]
2. alongitudinal wave.
............................................................................................................................ [1]
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(c) The wave nature of light may be demonstrated using the phenomena of diffraction and
interference.

Outline how diffraction and how interference may be demonstrated using light.
In each case, draw a fully labelled diagram of the apparatus that is used and describe
what is observed.

diffraction

interference

Q31.
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5 A uniform string is held between a fixed point P and a variable-frequency oscillator, as shown
in Fig.5.1.

oscillator —

Fig. 5.1

The distance between point P and the oscillator is L.

The frequency of the oscillator is adjusted so that the stationary wave shown in Fig. 5.1 is
formed.

Points X and Y are two points on the string.

Point X is a distance é—.‘_ from the end of the string attached to the oscillator. It vibrates with
frequency fand amplitude A.

Point Y is a distance éf_ from the end P of the string.
(a) Forthe vibrations of point Y, state
(i) the frequency (in terms of f),
frEQUENCY = ittt [1]
(ii) the amplitude (in terms of A).
amplitude = e [1]
(b) State the phase difference between the vibrations of point X and pointY.

phase difference = ..o [1]
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(c) (i) State,interms of fand L, the speed of the wave on the string. ;

Eram
T i R [ °®
(i} The wave on the string is a stationary wave.
Explain, by reference to the formation of a stationary wave, what is meant by the
speed stated in {i).
............................................................................................................................ [3]
Q32.
5 (a) State what is meant by the diffraction of a wave. For
i d e
.......................................................................................................................................... L@e
.................................................................................................................................... [2]
(b) Plane wavefronts are incident on a slit, as shown in Fig. 5.1.
_slit
Complete Fig. 5.1 to show four wavefronts that have emerged from the slit. [2]
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{C] VIonochromatc Nignt 15 INcident normally on a dmraction grating having 650 nes per | .-

millimetre, as shown in Fig. 5.2. Examiner's
Use

third order

second order

first order

monochromatic

light Ee = zero order

-

7 first order
grating
second order

third order

Fig. 5.2

An image (the zero order) is observed for light that has an angle of diffraction equal to
zero.

For incident light of wavelength 590 nm, determine the number of orders of diffracted
light that can be observed on each side of the zero order.

NUMBEr = L. [3]

(d) The images in Fig. 5.2 are viewed, starting with the zero order and then with increasing
order number.
State how the appearance of the images changes as the order number increases.

Q33.
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5 A student is studying a water wave in which all the wavefronts are parallel to one another.
The variation with time f of the displacement x of a particular particle in the wave is shown |&
in Fig. 5.1. '

B
omm R

BLALALA

) \J \/ \J \/

Fig. 5.1

The distance d of the oscillating particles from the source of the waves is measured.
At a particular time, the variation of the displacement x with this distance d is shown in
Fig.5.2.

L} NS SENE SN EENNN SNEEEENNENSEEEESEEEE EREEE SR
x/mm I ENEEENEEEEE RN REEEE ERNEE B
+2 AN NN SN NN EN NN RN NN

M S BN RN R N N ~d/em

Fig. 5.2
(a) Define, for a wave, what is meant by

(i) displacement,
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(ii) wavelength.

.............................................................................................................................. [1]
(b) Use Figs.5.1 and 5.2 to determine, for the water wave,
{i) the period T of vibration,
T o e s [1]
(ii) the wavelength 4,
NS cm [1]
(iif) the speed v.
VS et cms' [2]
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{c}) (i) Use Figs.5.1 and 5.2 to state and explain whether the wave is losing power as it
moves away from the source.

.............................................................................................................................. [2]
(if) Determine the ratio
intensity of wave at source
intensity of wave 6.0 cm from source
ratio = s mmnmmammnasns [3]

Q34.
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3

Q35.

A loudspeaker produces a sound wave of constant frequency.

Outline how a cathode-ray oscilloscope (c.r.o.) may be used to determine this frequency.
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6

(a) State the principle of superposition.

.................................................................................................................................... [2]
{(b) Coherent light of wavelength 590nm is incident normally on a double slit, as shown in

Fig.6.1.

double
slit screen
_"'u-_A ..... -
coherent light 4 .
wavelength 590 nm mm
B
- 26m -

Fig. 6.1 (not to scale)

The separation of the slits A and B is 1.4 mm.
Interference fringes are observed on a screen placed parallel to the plane of the double slit.
The distance between the screen and the double slitis 2.6 m.

At point P on the screen, the path difference is zero for light arriving at P from the slits A
and B.

(ij Determine the separation of bright fringes on the screen near to point P.

separation = ... mm [3]
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(if} The variation with time of the displacement x of the light wave arriving at point P onthe
screen from slit A and from slit B is shown in Fig. 6.2a and Fig. 6.2b respectively.

arbitrary [EEEEEEENE SN NREEE 1 N N DN
units 2._..

EEa g

T

.\Z;';;/__'ZZZ.'Z'_ZZZ'_ \.__/"

Fig. 6.2a

x/ 2
arbitrary
units 4 [ A NN EEEE NN RN BN .

Yoo

- time

Fig. 6.2b

1. State the phase difference between waves forming the dark fringe on the
screen that is next to point P.

phase difference = ... ° 1]

60
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2. Determine the ratio

intensity of light at a bright fringe
intensity of light at a dark fringe

ratio = sy [3]
Q36.
6 (a) State the principle of superposition. For
Examines
.......................................................................................................................................... L(S\e
...................................................................................................................................... [2]
(b) An arrangement that can be used to determine the speed of sound in air is shown in
Fig.6.1.
.< -------------------
[[ microphone i
loudspeaker |
Fig. 6.1

Sound waves of constant frequency are emitted from the loudspeaker L and are
reflected from a point S on a hard surface.
The loudspeaker is moved away from S until a stationary wave is produced.
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Explain how sound waves from L give rise to a stationary wave between L and S.

(¢} A microphone connected to a cathode ray oscilloscope (c.r.o.) is positioned between L
and S as shown in Fig. 6.1. The trace obtained on the c.r.o. is shown in Fig. 6.2.

1cm
Tcm
Fig. 6.2
The time-base setting on the c.r.o.is 0.10ms cm™'.
(i} Calculate the frequency of the sound wave. o
Examiners
Lisa
TP UBIEY =" cnvrs snsnensimsapsnssmusn sasnsissass Hz [2]

{if} The microphone is now moved towards S along the line LS. When the microphone
is moved 6.7 cm, the trace seen on the c.r.o. varies from a maximum amplitude to a
minimum and then back to a maximum.

1. Use the properties of stationary waves to explain these changes in amplitude.
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2, Calculate the speed of sound.

speed of sound = ... ms' [3]

Q37.
5 (a) By reference to vibrations of the points on awave and to its direction of energy transfer, For
distinguish between transverse waves and longitudinal waves. Exanine
Use

...................................................................................................................................... [2]
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(c} The variation with distance x of the displacement y of a transverse wave is shown in
Fig.5.1.

3.0

2.0

ylecm
1.0

-1.0

Fig. 5.1
(i) Use Fig. 5.1 to determine

1. the amplitude of the wave,

amplitude = ... cm [1]

2. the phase difference between the points labelled A and B.

phase difference = ..o [2]

(ii) Determine the amplitude of a wave with twice the intensity of that shown in o

Fig.5.1. |Exanin
Lse

amplitude = omannnrissninisg cm [1]

Q38.
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4

(a) Describe the diffraction of monochromatic light as it passes through a diffraction grating.

(b) White light is incident on a diffraction grating, as shown in Fig. 4.1.

spectrum (first order)—

white light I
3 | white (zero order)
diffraction spectrum (first order)—|
grating

screen

Fig. 4.1 (not to scale)

The diffraction pattern formed on the screen has white light, called zero order, and
coloured spectra in other orders.

(I} Describe how the principle of superposition is used to explain

1. white light at the zero order,
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(if) Light of wavelength 625 nm produces a second-order maximum at an angle of 61.0° For
to the incident direction. Examiner’s
Determine the number of lines per metre of the diffraction grating. bse

number of iNes = .......oo.ovoviieeeecee e m-! [2]

(ifi) Calculate the wavelength of another part of the visible spectrum that gives a
maximum for a different order at the same angle as in {ii).

wavelengin Sieererrrenrsmassny nm [2]

Q39.
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4 Fig.4.1 shows an arrangement for producing stationary waves in a tube that is closed at one o

end. Exami
Us

signal generator
4
1

G/

Ioudspéaker tube

Fig. 4.1
(a) Explain how waves from the loudspeaker produce stationary waves in the tube.

Fig. 4.2
(i) Describe the motion of the air particles in the tube at

1. point P,

67


https://stemup.co.uk

(ii) The speed of sound in the tube is 330ms~! and the frequency of the waves from
the loudspeaker is 880Hz. Calculate the length of the tube.

Q40.

5 (a) State one property of electromagnetic waves that is not common to other transverse
waves. Ex

.M

(b) The seven regions of the electromagnetic spectrum are represented by blocks labelled
Ato Gin Fig.5.1.

visible region

'

A B ] D E F G

y

wavelength decreasing

Fig. 5.1

A typical wavelength for the visible region D is 500 nm.

(i) Name the principal radiations and give a typical wavelength for each of the regions

B, Eand F.
B:name: . .ooccoammmnnvaansewavelengthy cosscinnsnenn wnnasna M
EinaMe: ....c.occoaaemmssamae o WaVBIBNGHE Lo nnnnnncasna M
F:hame: ... Wavelength: . M
(31
(if) Calculate the frequency corresponding to a wavelength of 500nm.
FRQUBACY'S .vmmmmmmrmmmsaygs: Hz [2]
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(c) All the waves in the spectrum shown in Fig. 5.1 can be polarised. Explain the meaning
of the term polarised.

. [2
Q41.
5 A long rope is held under tension hetween two points A and B. Point A is made to vibrate |
vertically and a wave is sent down the rope towards B as shown in Fig. 5.1. Examir
st

—— direction of travel of wave

Fig. 5.1 (not to scale)

The time for one oscillation of point A on the rope is 0.20s. The point A moves a distance of
80 mm during one oscillation. The wave on the rope has a wavelength of 1.5m.

(a) (i) Explainthe term displacement for the wave on the rope.
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(ii) Calculate, for the wave on the rope,
1. the amplitude,
amplitude = ... mm [1]

2. the speed.

(b) On Fig. 5.1, draw the wave pattern on the rope at a time 0.050s later than that shown.

(2]
(c) State and explain whether the waves on the rope are
(1) progressive or stationary,
.............................................................................................................................. 1
(ii) longitudinal or transverse.
.............................................................................................................................. 1

Q42.
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5

@ (i

(i)

Define, for a wave,

1. wavelength 4,

Use your definitions to deduce the relationship between 4, fand the speed v of the
wave,

(1]

71
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(b) Plane waves on the surface of water are represented by Fig. 5.1 at one particular instant
of time. E

direction of travel of waves

-

8.0mm

18¢cm !

Fig. 5.1 (not to scale)
The waves have frequency 2.5Hz.
Determine, for the waves,

(i} the amplitude,

amplitudes=i:aonnams e e mm [1]

(ii} the speed,

(ifi) the phase difference between points A and B.

phase difference = ... unit ......... [1

72
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(c) The wave in {b) was produced in a ripple tank. Describe briefly, with the aid of a sketch
diagram, how the wave may be observed.

73
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QL.

4 (a)

(b}

Q2.

2

Q3.

6 (a)

(b}

{c)

Q4.

{a)

{b)

(i
(2

(iin1

(iij2

(ii)3

{i
{ii)

{i}
{in

{i}
{in1

2
3

e.q. both transverse/longitudinal/same type

meet at a point,

same direction of polarisation, etc.......1 each, max 3................. B3
(allow 1 mark for any condition for observable interference)

Al OWA e N TN I et s S e e T et B1
A=axD(allowany subject) ... e e B
separation:incregsed:osmmnnnsirennesimnmassnnnanmssss B
less bright .o ane e s e B
separation iINcredsed. i s s s T e e B1
=TT T | | U B1
separation UNchanged.........coeveeeceeee e eeeeeeee e eeeemreeee eeee B 1
frindes brighte s snennasnanmmaennminsnnassna B
further detail, i.e quantitive aspect in (i1 or (i)2.....cceeeee e B

(in (b), do not allow e.c.f. from (b}(i)2)

1vULal
A=06m
fraquency (= v/ 1) = 330/0.60
=550 Hz
(use of ¢ = 3x 10° ms™! scores no marks)

amplitude shown as greater than a but less than 2a and constant
correct phase
{wave to be at least three half-periods, otherwise -1 overall)

Total

When two (or more) waves meet (nof 'superpose’ or interfere')

resultant displacement
is the sum of individual (displacements)

any correct line through points of intersection of crests
any correct line through intersections of a crest and a trough

A =axD OR A =asin fand 8= x/D
650 x 107 = (ax 0.70x 107%/1.2
a=1.1x10%m
no change
brighter
no change (accept stay/remain dark)
Total

131

71

B1

CA
Al

B1
B1

19l

[31

[2]
[51

31

[21

[31

[31
[111
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5 {a) Whena wave (front) is incident on an edge
or an obstaclefslit/qap
Wave ‘bends’ into the geometrical
shadow/changes direction/spreads

(b)Y (i) o= 14750 x 10%)
=1.33x10%m

(i) 1.33 x 10® x sin90° = n x 590 x 10
n = 2 (must be an integer)

(iii) formula assumes no path difference of light before
entering grating or
there is a path difference before the grating

{c) e.q. lines further apart in second order
lines fainter in second order
{(allow any sensible difference: 1 each, max 2)

M1

Al

C1
Al

C1
A1

B1

B2

(if differences stated but without reference to the orders, max 1 mark)

Q5.

6 (a) (i) correctshape drawn
{if} two nodes marked correctly

{b) 24=0.324 m
v =fA
=512 x2 %0324
=332ms™

{c) “i=16.2cm

either antinode is 0.5 cm above top of tube
or antinode is 16.2 cm above water surface

Q6.

B1
B1

C1
Cc1

A1

C1

A1

[2]

[2]

21

1l

21

M1
M1

[31

[2]
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5

Q7.

Q8.

5

fa) (i) vibrations (in plane} normal to direction of enerqy propagation

{ii}y vibrations in one direction (normal to direction of propagation)

{b} (i} at (displacement) antinodes / where there are no heaps, wave has

maximum amplitude (of vibration}

at (displacement) nodes/where there are heaps, amplitude of vibration is

zero/minimum
dust is pushed to/ settles at (displacement) nodes

(iiy 2.54=3%cm
v=_FA
v=214 x 10 x 15.6 x 102
=334 ms” (allow 330, not 340)

{c) Stationary wave formed by interference / superposition / overlap of
either wave travelling down tube and its reflection

or two waves of same (type and) frequency travelling in opposite directions

speed is the speed of the incident / reflected waves

{a) (i) frequency: number of oscillations per unittime
of the source / of a point on the wave

(i} speed: speed at which energy is transferred / speed of wavefront

(b) (i) does not transfer enerqy (along the wave)

{ii} position (along wave) where amplitude of vibration is a maximum

{iii} all three positions marked

{c} wawvelength = 2x17.8 = 35.6 cm

v = fA
v = 125 x(.356
= 445ms™
4457 = 400/ m
m=20x10"kgm™

(a) eitherphase difference is rrad / 180°

or path difference (between waves from S, and S,) is %24 /(n + 1%)A B1

either same amplitude / intensity at M

or ratio of amplitudes is 1.28 / ratio of intensities is 1.287 B1
{b) path difference between waves from S;and S; = 28em ... B1

wavelength changes from 33cmto 8.25cm i B1

minimum when A = (56 cm,} 18.7¢cm, 11.2¢cm, (8.0ecm) .............. B1

SO WO T N IINIE s o B B S R I B B1

B1

B1

B1

B1
B1

C1
C1

Al

B1

B1
B1

M1
Al

B1

B1

B1

B1

C1

C1

C1

A1

M
M

[31

[31

[31

121
M

M
M
M

151

[2]

[4]
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Qo.

Q10.

Q11.

(a)

(b

—

(c)

(a)

(b)

(c)

(d)

(a)

constant phase differenCe ..o e B1
allow wavelength estimate 750nm — 550NM ... C1
Separation ==AD £X s s R RS C1
= (650 x 107? x 2.4}/ (0.86 x 107%)
= BN o T s e e s e B Al

(aflow 2 marks from inappropriate estimate if answer is in range 10cm— 0.1mm)

no longer complete destructive interference /
amplitudes no longer completely cancel ... M1
so dark fringes are ighter ... e Al
when a wave (front) passes byfincidenton an edgefslit ... ieeiiiiiin. M1
wave bends/spreads (into the qeometrical shadow) ... Al
tané = E

165
BIEIITY oo v T o R D A e C1
o T C1
02282 % 10 e e e C1
number = (1/d =) 3.8 X 10°% ..o, Al
P remains in same position ... e B1
Xand Y rotate throUdh B0  ocvieomimemmm s s s s S i s s s i ivvs B1
either screen not parallel to grating
or qrating not normal to (incident) light ... B1
e.4. no enerqy transfer
amplitude varies along its lenath/nodes and antinodes
neighbouring points (in inter-nodal loop) vibrate in phase, etc.
(any Wo, 1 Mark eaCIEIO AN 2 v vm e m i i i B2

M

[3]

I2]

121

[41

121

M

121
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(B) (i) A =(330 % 10PHB50 ..ovveeeiiiiiiiei et M1

0 o 1 1 T AQ [11
{iil} nodelabelled at piston ........cooiimi i B1
antinode labelled atopenendoftube ... B1
additional node and antinode in correct positions along tube ............... B1 [31
{c) atlowestfrequency, lenath = A4 e C1
A=18m
T UENEY = B eD: oo B T e T T R e P P S R R et C1
R = 11 A1 [31
Q12.
5 (a) (i) 1 number of oscillations per unittime (not per second) B1 11
2 nh A1 M1
(ii} v = distance /time = nA/t M1
n/t=Ff hence v="1\. A1
or f oscillations per unit time so f is distance per unit time M1
distance per unittime is vsov=1fi Al 21
(b} (i) 1.0periodis3 x2=6.0ms C1
frequency = 1/(6 x 10°%) = 170Hz Al 21
{ii} wave (with approx. same amplitude and) with correct phase difference B1 11
Q13.
7 (a) when waves overlap / meet, (resultant) displacement is the sum of the individual
displacements B1 [M1]
{b) (i} two (ball-type) dippers (M1)
connected to the same vibrating source /motor (A1)
or
one wave source described (M1)
with two slits (A1}Y [2]
{iiY lamp with viewing screen on opposite side of tank B1
means of freezing picture e.q. strobe B1 [2]
{c) (i) two correct lines labelled X B1 [1
{ii} correct line labelled N B1 [1]

Q14.
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6 (a) (i) to produce coherent sources or constant phase difference

(i} 1. 360°/2xrad allow n x 360° or n x 2x (unit missing —1)
2. 180°/nrad allow (nx 360°)—180°0or(n=x2n)—-=

(iiiy 1. waves overlap /f meet

(resultant) displacement is sum of displacements of each wave

2. atP crest on trough (OWTTE)

(b A =ax/D
=2x23x10%%x0.25%x10%/1.8
=639 nm
Q15.
6 (a) (i) amplitude =7.6 mm allow 7.5 mm

fiiy 180°/nrad

fiil) v=Ffxi
=15x0.8
=12 msg™

{b) correct sketch with peak moved to the right
curve moved by the correct phase angle / time period of 0.25 T

fe} (i} zero (rad)
{iiy antinode maximum amplitude,
node zero amplitude / displacement
fiiiy 3

{iv) horizontal line through central section of wave

Q16.

6 (a) (i) coherence: constant phase difference
between (two) waves

(i) path difference is either A or nid
or phase difference is 360° or n x 360° or n2x rad

B1

B1
B1

B1

B1

C1
C1
Al

A1
A1

C1
A1

B1

A1

A1

A1
B1

M1
A1

B1

Ml

M
M
121
!

[31

M
M1

121

121

M

M

M
M

[2]

M
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(iii) path difference is either A2 or(n + %) A
or phase difference is odd multiple of either 180° or = rad

(ivi w=A4AD/a
=[630 x 107 x 1.5]/0.45 = 107
=2.1x10%m

{b) no change to dark fringes
no change to separation/fringe width
bright frinqes are brighterflighter/more intense

Q17.

6 (a) twowaves travelling (along the same line) in opposite directions overlap/meet
same frequency / wavelength
resultant displacement is the sum of displacements of each wave /
produces nodes and antinodes

{b) apparatus: source of sound + detector + reflection system
adjustment to apparatus to set up standing waves — how recognised
measurements made to obtain wavelength

{c} (i) atleast two nodes and two antinodes
{iiy node to node =A/2 =34cm (allow 33 to 35¢cm)

c=1l
f=340/0.68 =500 (490 to 520)Hz

Q18.

6 (a) (i) diffraction bending/spreading of light at edge/slit
this ocecurs at each slit

{iif} constant phase difference between each of the waves

B1
C1
C1
A1
B1

B1

M1

B1

B1
B1
B1

A1

C1

C1
A1

(i} (when the waves meet) the resultant displacement is the sum of the

displacements of each wave

(b} dsing =ni
n=d{A=1/450x103 x 630 x 10°°
n=3.52

hence number of orders =3

{c) Ablue is less than Ared
more orders seen
each order is at a smaller angle than for the equivalent red

Q19.

B1
B1

B1

B1

C1
M1
A1

M1
A1
A1

M1

[31

131

[31

131

M1

131

[2]
M

M

131

131
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5

Q20.

5

Q21.

(a)

(b}

(c)

(d)

(a)

(b)

waves overlap / meet / superpose

coherence / constant phase difference (not constant A or frequency)
path difference =0, 4, 24 or phase difference =0, 2r, 4n

same direction of polarisation/unpolarised

A=vIf

f =12 x 10%Hz

A=3x10%/12 x10° (any subject)
=0.025m

maximum at P

several minima or maxima between O and P
5 maxima / 6 minima between O and P

or 7 maxima / 6 minima including O and P

slits made narrower
slits put closer together
{not just ‘make slits smaller’)
Allow tilting the slits M1 and explanation of axes of rotation A1

M v=1i
A =40/50=08(0)m

(ii} waves (travel along string and) reflect at Q / wall / fixed end
incident and reflected waves interfere / superpose
(i} nodes labelled at P, Q and the two points at zero displacement
antinodes labelled at the three points of maximum displacement
(il (1.54AforPQhencePQ=08%x15)=12m
(il 7=1/f=1/50=20ms

5ms is Vs of cvcle
harizontal line through PQ drawn on Fig. 5.2

(B1)
(B1)
(B1)
(B1)
max. 3

C1
C1
M1
AO

B1

B1

B1
B1

C1
A1

B1

B1
B1

A1
C1

A1
B1

[31

131

[31

2]

121

121

121

M

131
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5 (a) when waves overlap / meet

the resultant displacement is the sum of the individual displacements of the waves

{b) (i} 1. phase difference = 180°/(n + ¥%) 360° (allow in rad)
2. phase difference = 0/ 360°/ (n360 °) (allow in rad)

(iiy v=rL
A=320/400=0.80m

{lii} path difference =7-5=2 (m)
=254
hence minimum
or maximum if phase change at P is suggested

Q22.
5 (a displacement & direction of energy travel normal to one another ... Bl
(b) (i)  phase angle of 60° correct .. (need to see 1% wavelengths) ........ Bl
lags Behind Tt vosincmsorssssasasvmmis s rmmes ST Rae SO Bl
(i)  waves must be in same place (at same time) ....... SHRER . |
resultant displacement = sum of individual dlsplacements Bl_
(@) 1. =124 e R eetteararerariaraare e nnen Bl
2. W4 ... (allowe.c.f) ........ et ettt areaeeeveneaeeaeaeaneaanes Bl
3. Zer0 ... (AOWECE) e e b B1
Q23.
4 (@) (M amplitude = 0.4{0) MM e er e ceerren senernn eeeeensenes A
(12 wavelength=7.5x10"m
(1 sig. fig. -1 unless already penalised).......cccccoovimiiiiiciniinineneennn A1
{3 period=0.225ms.. - S & |
frequency =1/T= 441}0 Hz .. A1
(iid v =1\
2 330 M S ettt e e e et e Al

B1
B1

B1
B1

C1
A1

M1

A1

(1]

(2]

(2]

(3]

121

M

M

121

121

[61
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fay (i reasonable shape, same amplitude and wavelength doubled ...... B1

(b) (i) 0 o TP

(i) d sin? = ni (double slit formula scores 0/2)

172X 10°% 8IN 2= 590 X 107 oo e
2= 20.1° (AIOW 20°) oo e e e enem e e e aen

(1 |V R Bt - 1 2 B R B e R e G e e e e O C1

L S B oo A S ARG

Q24.

2 (a) all same speed in a vacuum (allow medium)all travel in a vacuum

transverse/can be polarised
undergo diffraction/interference/superposition
can be reflected/refracted
show properties of particles
oscillating electric and magnetic fields
transfer energy/progressive
not affected by electric and magnetic fields
(aliow any three, 1 each)

(b) 495 nm =495 x 10" m
number = 1/(495 x 10%) = 2.02 x 10°
(alfow 2 or more significant fiqures)

{c) (i) allow 107 10" m

(i) allow 10®° — 10®° m

Q25.

10

(1
(M
(1
(1)
(n
(n
(1
(1

B3
c1

A1

B1

B1

b

151

[31

2]

[2]
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4

Q26.

Q27.

{a) wavelength = 1.50 m

(b} v=

fi

speed =540 m s’

{c) (progressive) wave reflected at the (fixed) ends

wave is formed by superposition of (two travelling) waves

this quantity is the speed of the travelling wave

(a)

(b)

(c)

(d)

4 (a)

(b)

(i)

(i)

(i)
(i)

(i
(i)
(i)

(i)

similarity: e.g. same wavelength/frequency/period, constant
phase difference

difference: e.qg. different amplitude/phase
(do not allow a reference to phase for both similarity and
difference)

constant phase difference so coherent
intensity « amplitude®

I « 3% and Iy « 2? leading to

4
= 21
B™ 9

resultant amplitude = 1.0 x 10* em
resultant intensity = %I

displacement = 0

Xa=-2.6x 10*cm and xg=+1.7 x 10*cm

allow + 0.5 x 10 cm)
resultant displacement = (-) 0.9 x 10 cm

when two (or more) waves meet (at a point)
there is a change in overall intensity / displacement
constant phase difference (between waves)

dsinéd= ni

(102 / 550) sin90 = n x 644 x 107
n=228

so two orders

(power-oif-ten emor giving 2800 orders, alfow 1/3 only for calculation of n)

1.

2.

dsin? = nA (either here or in (i} — not both)
dis greater so A is qreater

when nis larger, A#@ is larger

s0 greater in second order

11

B1

B1

B1
C1
M1

AD

C1
A1l

B1

C1

Al

B1 [11

c1

Al [

B1

B1

B1 [3]

21

Ml

21

21

Ml

[2]

M1
A1
B1

B1
C1
C1
A1

B1
M1
A1

131

[41

M
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Q28.

5

Q29.

6

Q30.

{a) amplitude between 6.5 squares and 7.5 squares on 3 peaks
(allow T mark if outside this range but between 6.0 and 8.0 squares)
correct phase (ignore lead/laq, look at x-axis only and allow +'2 square

(b) A=ax/D
540 x 107 = (0.700 x 1073 %}/ 2.75
x=2.12 mm

fe) (i) same separation
bright areas brighter (1)
dark areas, no change (1)
{allow ‘contrast qreater’ for 1 mark if dark/light areas not discussed)
fewer fringes observed (1) any two, 1 each

(i} smaller separation of fringes
no change in brightness

fa) wave incident at an edge / aperture / slit /{edge of) cbstacle
bending / spreading of wave (into geometrical shadow)
(award 0/2 for bending at a boundary)

{b) (1) apparatus e.q. laser & slit / point source & slit / lamp and slit & slit
microwave source & slit
water / ripple tank, source & barrier
detector e.q. screen
aerial / microwave probe
strobe / lamp
what is observed

{iily apparatus e.q. loudspeaker, and slit / edge

detector e.q. microphone & c.r.o.fear
what is cbserved

12

B2
B1
C1

C1
Al

B1

B2

B1
B1

M1
A1

131

131
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5 (a) transfer / propagation of energy B " |
as a result of oscillations / vibrations AT 2]
{b) (i) displacement / velocity / acceleration (of particles in the wave) ..B1 [
fiiy displacement etc. is normal to direction of energy transfer /
travel of wave / propagation of wave ...... (not ‘wave motion’) ..B1 1
{iii} displacement etc. along / same direction of energy transfer /
travel of wave / propaqgation of wave ...... (not ‘wave motion’) .....cceceeeeiinnneee. B1 [1
{e) diffraction: suitable object, means of observation ..M1
either laser or lamp and aperture
or distant source R A A A A A R e e R R e R e e asec UL
light region where darkness expected ... e s Al
interference: suitable obiect, means of observation and illumination ........................ B1
light- and dark ringes obse Vel i e s o S S S R S S i B1
appropriate reference to a dimension for diffraction or
for interference ..B1 [6]
[Total: 11]
Q31.
5 da) () frequency T cocrssrnsnnininirinansramssrnrniennneraaeaeBl A
() AMPlLUAE A e ee e s rr e s s ee e e e ene e e s reneee s reennnn B1 1
(b) mrad or180° ......... (unit necessary) ..B1 M
() N speed = Pl s s e e e e L e B1 [1]
(iliy waveisreflectedatend/atP P Ao A e P i g e e g = |
either incident and reflected waves interfere
or two waves travelling in opposite directions interfere ..., M1
speed is the speed of incident or reflected wave / one of these waves .............. A1 [3]
[Total: 71

Q32.

13
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Q33.

5

Q34.

Q35.

{a) when awave passes through a slit / by an edge
the wave spreads out / changes direction

(b) diagram: wavelength unchanged
wavefront flat at centre, curving into geometrical shadow

{c) dsin &=ni
for 6=90°
1/(650 % 10°) =n x 590 x 107
n=26
number of orders is 2

{d) intensity / brightness decreases (as order increases)

{a) (i) distance (of point on wave) from rest / equilibrium position

fii}y distance moved by wave enerqy f wavefront during one cycle of the source
or minimum distance between two points with the same phase or between
adjacent crests or troughs

(b) () T=060s
{iiy A=4.0cm
(liiy eitherv=AXT or v=fi1 and f=1/T
v=6.7cms™
{c) (i) amplitude is decreasing
50, it is losing power
(il) intensity ~ (amplitude)®

ratio = 2.0%/ 1.12
=33

connect microphone / (terminals of) loudspeaker to Y-plates of c.r.o.

adjust c.r.o. to produce steady wave of 1 (or 2) cycles / wavelengths on screen
measure length of cycle / wavelength A and note time-base b

frequency = 1/ ib

(assume b is measured as s cmi™’, unless otherwise stated)

(if statement is ‘measure T, f = 1/T then last two marks are lost)

14
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M1

A1

C1

M1

Al

B1

B1

B1

B1
B1
C1
A1
M1
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A1

B1
B1
M1
A1
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6

Q36.

fa) when two (or more) waves meet (at a point)
(resultant) displacement is (vector) sum of individual displacements

(b} (iy A=ax/D (if noformula given and substitution is incorrect then 0/3)
590 x 109 =(14%10%% x)/2.6
x=1.1mm

(iiy 1. 180° (alfow = if rad stated)

2. at maximum, amplitude is 3.4 units and at minimum, 0.6 units
intensity ~ amplitude® allow I ~ &
ratio = 3.4% / 0.6*
=32

6 (a) wavesoverlap

Q37.

(resultant) displacement is the sum of the displacements of each of the waves

{b) waves travelling in opposite directions overlap / incident and reflected waves
overlap
{allow superpose or interfere for overlap here)
waves have the same speed and frequency

fc) (i} time period =4 x 0.1 (ms)
f=1/T=1/4x10%=2500Hz

fiiy 1. the microphone is at an antinode and qoes to a node and then an
antinode / maximum amplitude at antinode and minimum amplitude at
node
2. Ai2=6.7(cm)
v=1d
v=2500 % 13.4 x 1072 = 335ms™"

incorrect A then can only score second mark

15
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B1
C1
A1
A1

C1
C1

A1

B1
B1

B1
B1

1
Al

B1
c1
C1

121

[31
M

131

121

[2]

[2]

Ml

131


https://stemup.co.uk

Q38.

4

Q39.

5

{a) transverse waves have vibrations that are pemendicular / normal
to the direction of enerqy travel
longitudinal waves have vibrations that are parallel
to the direction of enerqy travel

{b) vibrations are in a single direction
either applies to transverse waves
or normal to direction of wave enerqy travel
or normal to direction of wave propagation

fe) (i) 1. amplitude =2.8cm

2. phase difference = 135° or0.75x rad or % rad or 2.36 radians
(three sf needed)
numerical value
unit

(i) amplitude = 3.96cm (4.0cm)

{a) waves pass through the elements / gqaps / slits in the grating
spread into geometric shadow

{b) () 1. displacements add to give resultant displacement
each wavelength travels the same path difference or are in phase
hence produce a maximum

2. to obtain a maximum the path difference must be i or phase difference
360°/ 2x rad
A of red and blue are different
hence maxima at different angles / positions

{iily ni=dsind
N=sin61°/(2 x 625 x 10 = 7.0 x 10°

{iiiy ni =2 x 625 is a constant (1250)
n=1- A=1250 outside visible
n=3->1=417 in visible
n=4 - A=7312.5 outside visible
A=420nm

16

B1

B1

M1

A1

B1

M1
Al

Al

M1

B1
B1
AO
B1
AO

C1
Al

C1
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121
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M
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4 (a) waves (travels along tube) reflect at closed end / end of tube
incident and reflected waves or these two waves are in gppaosite directions
interfere or stationary wave formed if tube length equivalent to
Al4, 3414, etc.

{b} iy 1. no motion (as node)/ zero amplitude

2. vibration backwards and forwards / maximum amplitude
along length

{liy A=330/880(=0.375m)
L=31/4
L=3/4x(0.375)=0.28 (0.281)m

Q40.

5 (a) travel through a vacuum /free space

(b) (i) B:name: microwaves  wavelength: 107%to 10" m
C : name: ultra-violet / UV wavelength: 107 to 107%m
F : name: X —rays wavelength: 102to 1072 m
i 3x10°
i F= > _
500x10-9

f = 6(.0)x 10" Hz

{e) vibrations are in one direction
perpendicular to direction of propagqation / enerqy transfer
or good sketch showing this

Q41.

17

B1
M1

Al

B1

B1
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5 (a) (i) displacement is the distance the rope / particles are (above or below) from
the equilibrium / mean / rest / undisturbed position (not ‘distance moved’}
(ii} 1. amplitude (= 80/4)=20mm
2. v=florv=A4/T

f=1/T =17/02 (5Hz)
v=5x15=75ms™

{b) point A of repe shown at equilibrium position
same wavelength, shape, peaks / wave moved %A to right

fc) (i} progressive as energy OR peaks OR troughs is/fare transfered/moved
fpropagated (by the waves)

{ii} transverse as particles/rope movement is perpendicular to direction of travel
/propagation of the energy/wave velocity

Q42.

-

5 (a) i) wavelength: minimum distance between two points moving in phase
OR distance between neighbouring or consecutive peaks or troughs
OR wavelength is the distance moved by a wavefront in time T or one

oscillation/cycle or period (of source) B1

2. frequency: number of wavefronts / (unit) time
OR number of oscillations per unit time or oscillations/time B1

{ii} speed =distance / time = wavelength / time period M1
=il T=if A0

{b} (i) amplitude =4.0 mm {(allow 1 s.f.} A1l

(i) wavelength =18/ 3.75 (=4.8) C1
speed =2.5 x 4.8 x 1072 = 12 x 102 ms™" unit consistent with numerical
answer, e.q. in cms™ if cm used for A and unit changed on answer line A1
[if 18 cm = 3.5 used giving speed 13 (12.9) cms™ allow max. 11.

(iil) 180° or nrad A1l
{e) light and screen and correct positions above and below ripple tank B1
strobe or video camera B1

18
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B1

C1

C1
A1

B1
B1
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Waves - 2018

1. 9702/11/M/J/18/No.20
A transverse progressive wave is set up on a string.

The graph shows the variation with time of displacement for a point on this string.

'
displacement

0 tiFne

The separation XY on the graph represents the ...... 1...... of the wave.
Xand Y have equal ...... 2. :

Which words correctly complete gaps 1 and 2?

1 2
A time period amplitudes
B time period displacements
Cc wavelength amplitudes
D wavelength displacements

2. 9702/11/M/J/18/No.21
Which region of the electromagnetic spectrum includes waves with a frequency of 10’ MHz?

A infra-red waves
B radio waves
C ultraviolet waves

D X-rays

1
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3.

9702/11/M/J/18/No.22
A longitudinal wave has vibrations parallel to the direction of transfer of energy by the wave.

The wave can be represented on a graph showing the variation of the displacement of the
particles with distance from the source.

Which point on the graph is the centre of a compression?

direction of
transfer of energy
A A >
displacement
away from source
B D
0 >
0 \ distance
) from source
displacement
towards source
C

9702/11/M/3/18/No.23
What can be deduced from a table of wavelengths of the waves in the electromagnetic spectrum?

A Green light has a shorter wavelength than X-rays.
B Red light has a shorter wavelength than green light.
C The wavelength range for radio waves is less than that for infra-red waves.

D The wavelength range for X-rays is less than that for radio waves.

9702/11/M/3/18/No.27
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

2
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6. 9702/11/M/J/18/No.24

A binary star consists of two stars rotating around a common centre. Light from one of the stars is
observed on the Earth.

A \
' binary EV
\ star
. Y observer
R o Sl on Earth

The observed frequency of the light varies between a minimum frequency £, and a maximum
frequency frax, as shown.

f -
observed
frequency

The rate of rotation of the binary star increases.

What is the change to fnax and the change to fin?

fmax fmin

decreases decreases
decreases increases

increases decreases

o 0O W >

increases increases

1. 9702/12/M/J/18/No.22
Two lasers emit light in a vacuum. One laser emits red light and the other emits green light.

Which property of the two laser beams must be different?

A amplitude
B frequency
C intensity
D

speed

3
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8. 9702/11/M/J/18/No.25

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

single double screen
slit siit
source -—} ———————
of light g |

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

A decreasing the distance p

B decreasing the distance g
C decreasing the distance r
D

decreasing the wavelength of the light

9.  9702/11/M/J/18/No.26

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

81 82

5cm
13cm

P

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

What is the amplitude of the oscillation at P?

Xo
2

A 0 B C X D 2x

4
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10. 9702/12/M/3/18/No.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.

11.

string

]

vibrator

e

-—-————-9

)

fixed

L

-

What are the first five wavelengths of the stationary waves that could be formed?

9702/12/M/J/18/No.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

5
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12. 9702/12/M/3/18/No.26
The diagram shows apparatus for the measurement of the frequency of a sound wave.

—L 1

microphone SOUrce

of sound
metal

plate

Sound of the unknown frequency is reflected back from a metal plate. A microphone placed at a
distance D from the metal plate detects the sound intensity. A minimum intensity is detected with
D =12.0cm. The plate is moved further away from the microphone until the next minimum is
detected with D = 15.0cm.

The speed of sound in air is 336 ms™".

What is the frequency of the sound?

A 56Hz B 112Hz C 5600Hz D 11200Hz

13. 9702/12/M/J/18/No.27
An astronomer observes the light from a star that is moving away from the Earth.

For the observed light, what has been increased due to the star's motion?

A

B
o
D

amplitude
frequency
speed

wavelength

6
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14. 9702/12/M/3/18/No.28
The diagram shows a stationary wave, at time t = 0, that has been set up on a string fixed
between points P and S.

/
1 x Y 7
7R R
/
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 ¢ 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 t
2 2
—2- —2
C D
24 2
s/cm s/cm
0 Y = 0 Y =
0 T t 0 T t
2 2
2 2

15. 9702/13/M/J/18/No.23
A police car travels at a velocity of 30.0ms™ directly towards a stationary observer. The horn of
the car emits sound of frequency 2000 Hz. The speed of sound is 340ms™".

What is the frequency of the sound heard by the observer?

A 1840Hz B 2000Hz C 2180Hz D 2190Hz

7
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16. 9702/12/M/3/18/No.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

B
Cc
D

to make a narrow beam of light
to make the same amplitude of light incident on each slit
to provide coherent light

to provide monochromatic light

17. 9702/13/M/J/18/No.20
The displacement-distance graph for a transverse progressive wave is shown.

' jl x
displacement

Y

digtance

The phase difference between points X and Y can be expressed as (180n)°.

What is the value of n?

A

1.5 B 25 c 30 D 6.0

8
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18. 9702/13/M/J/18/No.21

The four graphs represent a progressive wave on a stretched string. Graphs A and B show how
the displacement d varies with distance x along the string at one instant. Graphs C and D show
how the displacement d varies with time t at a particular value of x.

The labels on the graphs are intended to show the wavelength 4, the period T and the amplitude
a of the wave, but only one graph is correctly labelled.

Which graph is correctly labelled?

o
/
]
o
-
AV}
/
>y

o
/
~ ¥
o
/
il |

19. 9702/13/M/J/18/No.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

9
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20.

21.

9702/13/M/J/18/No.24
A vibrating tuning fork is held over a measuring cylinder, as shown.

tuning fork

water

Water is then gradually poured into the measuring cylinder. A much louder sound is first heard
when the water level is 2.9cm above the base of the measuring cylinder. A second much louder
sound is heard when the water level reaches a height of 67.3 cm above the base.

The speed of sound in air is 330ms™".

What is the frequency of the tuning fork?
A 128Hz B 256Hz C b512Hz D 1024Hz

9702/13/M/J/18/No.26

A double-slit interference pattern using red light of wavelength 7.0 x 10" 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 90mm

10
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22. 9702/12/F/M /18/No.21
A wave pulse moves along a stretched rope in the direction shown.

23.

——-

Which diagram shows the variation with time t of the displacement s of the particle P in the rope?

9702/12/F/M /18/No.23
The table lists possible orders of magnitude of the wavelengths of some of the principal radiations
of the electromagnetic spectrum.

A
A
S
0 /I >
0 4/
Cc
A
S
0 / o=
oV

B

L~

1\

Y

\ :

Which row shows the correct orders of magnitude of the wavelengths?

wavelength/m

microwaves infra-red ultraviolet X-rays
A 107° 107° 1072 107"
B 107 107° 1070 107"
C 107 107° 107 10710
D 10 107 107° 107

11
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24. 9702/12/F/M /18/No.22

A wave has period T, wavelength 4 and amplitude A. The wave is shown on a graph of
displacement x against distance d.

Which graph is correctly labelled?

A B

A
Y

25. 9702/12/F/M /18/No.24
A vehicle carries a microwave transmitter that emits microwaves of a constant frequency. A
stationary observer has a microwave receiver.

The vehicle moves directly towards the observer at constant speed. The observer detects
microwaves of frequency F,.

The vehicle then accelerates, still moving towards the observer, travels at higher steady speed
for a time and then decelerates until it stops.

What is the variation in the frequency of the microwaves that are detected by the observer?

A

B
c
D

The observed frequency will fall, then remain steady then return to the frequency F,.
The observed frequency will fall, then remain steady then rise to a higher frequency than F,.
The observed frequency will rise, then remain steady then fall to a lower frequency than F,.

The observed frequency will rise, then remain steady then return to the frequency F,.

12
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26. 9702/12/F/M /18/No0.25
The diagram shows a cathode-ray oscilloscope display of an electromagnetic wave.

1.0cm

The time base setting is 0.20 pscm™.
Which statement is correct?

A The frequency of the wave is 2.5 MHz and it lies in the microwave region of the
electromagnetic spectrum.

B The frequency of the wave is 2.5 MHz and it lies in the radio-wave region of the
electromagnetic spectrum.

C The frequency of the wave is 5.0 MHz and it lies in the microwave region of the
electromagnetic spectrum.

D The frequency of the wave is 5.0 MHz and it lies in the radio-wave region of the
electromagnetic spectrum.

27.9702/12/F/M /18/N0.26

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

13
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28. 9702/12/F/M /18/No.27

Monochromatic light is incident on a pair of narrow slits a distance of 0.1 mm 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 8.0mm.

29.

screen
monochromatic | _—second order dark fringe
light ) ___‘zero’ order bright fringe

] }"“—--distance between

§ 2.0m A 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

B
Cc
D

2.0x10"m
40x107"m
6.0 x 10" m
8.0x 10" m

9702/12/FIM /18/N0.29
Which statement gives a condition that enables diffraction to occur?

A

B
Cc
D

A source of waves moves towards a stationary observer.
A wave is partially blocked by an obstacle.
Two coherent waves are superposed.

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

14
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30. 9702/12/F/M /18/No.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 f; is held at one end. This is the lowest frequency of stationary 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,

Y

2L

Assume the end correction for each tube is negligible.

Which equation is correct?

A f=h B f,=2 C f.=2f D f =4f
4

15
Page 15 of 15


https://stemup.co.uk

Waves — 2021 AS

1. June/2021/Paper_11/No.21

Two identical waves are produced by sources at points P and Q. The waves travel along different
paths to reach point R, as shown.

Both waves have a wavelength of 6.0cm. The waves are in phase at point R.
What is the phase difference between the waves as they leave points P and Q?

A 0O° B 60° C 90° D 120°

2. June/2021/Paper_11/No.22

A longitudinal wave travelling from left to right has vibrations parallel to the direction of transfer of
energy by the wave.

The wave can be represented on a graph showing the variation with distance of the displacement
of the particles from their equilibrium positions at one instant.

Which point on the graph is the centre of a compression?

direction of
transfer of energy
A -
A
displacement
to the right
B D
0 >
0 \ distance
. from source
displacement
to the left
C
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3. June/2021/Paper_11/No.24

An ambulance has a siren that emits sound of a constant frequency. The ambulance is moving
directly towards a stationary observer.

The ambulance decelerates as it is approaching the observer and then accelerates after it has
passed the observer.

How does the frequency of the sound heard by the observer change as the ambulance is
approaching and as it is moving away from the observer?

approaching moving away
observer from observer
A decreases decreases
B decreases increases
C increases decreases
D increases increases

4. June/2021/Paper_11/No.25
Microwaves in a vacuum travel at speed X and have wavelength of order of magnitude Y.

What are the speed and a possible order of magnitude of wavelength of X-rays in a vacuum?

speed wavelength
A X 107°Y
B X 107y
C 10X Y
D 108X Y
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5. June/2021/Paper_12/No.21
Two lasers emit light in a vacuum. One laser emits red light and the other emits green light.

Which property of the light from the two lasers must be different?
A amplitude

B frequency

C intensity

D speed

6. June/2021/Paper_12/No.22

Two particles in a progressive wave are a distance 10cm apart. The two graphs show the
variation with time f of the displacement d of the two particles.

A A

What could be represented by the two graphs?

A particles in a longitudinal wave with a compression and the nearest rarefaction separated by
10cm

B particles in a longitudinal wave with a compression and the nearest rarefaction separated by
20cm

C particles in a transverse wave with a peak and the nearest trough separated by 20cm

particles in a transverse wave with two adjacent peaks separated by 10cm
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7.

8.

June/2021/Paper_12/No.23

A sound wave is detected by a microphone that is connected to a cathode-ray oscilloscope
(CRO).

The screen of the CRO displays a waveform, as shown.

\ A /\ /]

VAN

The time-base is set to 20 usdiv™".

What is the frequency of the sound wave?

A 15Hz B 15000Hz C 20000Hz D 30000Hz

June/2021/Paper_12/No.24

A person stands at the side of a straight railway track. A train moves towards the person and
emits sound from its whistle. The person hears a sound of frequency 1690Hz as the train
approaches him.

The person then hears sound of frequency 1500Hz as the train moves away from him. The
speed of sound in air is 340ms™".

What is the speed of the train?

A 20ms™ B 38ms™’ C 41ms™ D 43ms™

June/2021/Paper_12/No.25
Which list shows electromagnetic waves in order of decreasing frequency?

A gamma-rays — infrared — ultraviolet — radio waves
B gamma-rays — ultraviolet — infrared — radio waves
C radio waves — infrared — ultraviolet - gamma-rays
D

radio waves — ultraviolet — infrared — gamma-rays
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10. Nov/2021/Paper_11/No.21
Two balls float on the surface of the sea. The balls are separated by a distance of 1.30m.

A wave travels on the surface of the sea so that the balls move vertically up and down.

direction of

travel of wave
- ball

ball

' 090m | | NOT TO
| | SCALE

The distance between a crest and an adjacent trough of the wave is 0.90m.
What is the phase difference between the two balls?

A 55° B 110° C 160° D 260°

11. Nov/2021/Paper_11/No.22
Which statement about transverse or longitudinal waves is not correct?

A Longitudinal waves can be used to demonstrate diffraction.
B Longitudinal waves can travel in a vacuum.

C Transverse waves can form stationary waves.
D

Transverse waves can transfer energy.

12. Nov/2021/Paper_11/No.24
With which waves can the Doppler effect be observed?

A all waves including sound and light
B light waves only
C sound and light waves only

D sound waves only
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13. Nov/2021/Paper_11/No.25
Which radiation could consist of waves of wavelength 0.5nm?

A y-rays

B ultraviolet
C visible light
D X-rays

14. Nov/2021/Paper_12/No.23
The table contains descriptions and examples of waves.

Which row is correct?

description of wave example
A oscillations are parallel to the direction of energy transfer gamma-rays
B oscillations are parallel to the direction of energy transfer ultraviolet waves
Cc oscillations are perpendicular to the direction of energy transfer sound waves
D oscillations are perpendicular to the direction of energy transfer X-rays

15. Nov/2021/Paper_12/No.25

A train travels in a straight line at a constant speed of 30ms™". The train’s horn continuously
emits sound of frequency 2400 Hz.

A stationary observer stands next to the train track. The train approaches the stationary observer,
passes him and then moves away.

The speed of sound is 340ms™".

What is the maximum difference in the frequencies of the sound heard by the stationary
observer?

A 190Hz B 230Hz C 430Hz D 460Hz
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16.

17.

18.

Nov/2021/Paper_12/No.26
Electromagnetic waves of frequency 30 THz are in a vacuum.

In which region of the electromagnetic spectrum are the waves?
A infrared

B microwave
C ultraviolet
D visible light

Nov/2021/Paper_13/No.22
A longitudinal wave travels through a long spring. The spring is shown at one instant.

What is the wavelength of the wave?

spring
WOo000000000000000000000000000000WONO000000000000
A
I

Lt

B

J

-
-

A
|

O

A
|

Nov/2021/Paper_13/No0.23
Which statement about waves is correct?

A Both longitudinal and transverse waves can travel through a vacuum.

B Both longitudinal and transverse waves transfer matter.

C Longitudinal progressive waves consist of alternate nodes and antinodes.
D

The particles of a transverse wave vibrate perpendicular to the direction of energy
propagation.
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19.

20.

Nov/2021/Paper_13/No.25
A train travels at constant speed along a straight track. The train’s horn emits sound of frequency
500 Hz.

A person standing by the side of the track hears sound of frequency 450 Hz.
The speed of sound in air is 340ms™".

What is the speed of the train and in which direction is it travelling relative to the person?

speed/ms™ direction
A 34 away from the person
B 34 towards the person
c 38 away from the person
D 38 towards the person

Nov/2021/Paper_13/No.26
A smooth surface has bumps on the surface that are smaller than the wavelength of visible light.

What is the approximate maximum size of the largest bumps on the surface?

A 20nm B 350nm C 720nm D 50um
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Waves — 2021 AS
1. Nov/2021/Paper_21/No.4
(a) By reference to the direction of transfer of energy, state what is meant by a longitudinal wave.

(b) A vehicle travels at constant speed around a wide circular track. It continuously sounds its
horn, which emits a single note of frequency 1.2kHz. An observer is a large distance away
from the track, as shown in the view from above in Fig. 4.1.

direction of travel

vehicle /

observer

track

Fig. 4.1 (not to scale)

Fig. 4.2 shows the variation with time of the frequency f of the sound of the horn that is
detected by the observer. The time taken for the vehicle to travel once around the track is T.

1.6
flkHz
144 ¥
A A ¥
A\ Fi A\ I \ Fi
y
A \ A F|
\ i \ J \ J
1.2
A\ i A r
N 7 i yi
y y k! y
M v My
1.0
0.8
0 T 2T 3T
time
Fig. 4.2
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(i)

(ii)

(i)

(iv)

Explain why the frequency of the sound detected by the observer is sometimes above
and sometimes below 1.2kHz.

..................................................................................................................................... [2]
State the name of the phenomenon in (b)(i).

..................................................................................................................................... [1]
On Fig. 4.1, mark with a letter X the position of the vehicle when it emitted the sound that
is detected at time T. 1]

On Fig. 4.1, mark with a letter Y the position of the vehicle when it emitted the sound that

is detected at time %- 1]

(c) The speed of the sound in the air is 320ms™.

Use Fig. 4.2 to determine the speed of the vehicle in (b).

[Total: 9]

2
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2.

Nov/2021/Paper_22/No.4

A child sits on the ground next to a remote-controlled toy car. At time ¢ = 0, the car begins to move
in a straight line directly away from the child. The variation with time t of the velocity of the car
along this line is shown in Fig. 4.1.

15
velocity/ms™ .
f‘ ‘\
4
511 :
14 N
Y
0
0 1 2 3 < 5 6
t/'s
Fig. 4.1

The car’s horn continually emits sound of frequency 925Hz between time t = 0 and time { = 6.0s.
The speed of the sound in the air is 338ms™".

(a) Describe qualitatively the variation, if any, in the frequency of the sound heard, by the child,
that was emitted from the car horn:

(i) fromtimet=0totimet=2.0s

(b) Determine the frequency, to three significant figures, of the sound heard, by the child, that
was emitted from the car horn at time t = 3.0s.

freqUeNCY = ..o Hz [2]

3
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(c) Determine the time taken for the sound emitted at time f = 4.0s to travel to the child.

time taken = .. s [2]

[Total: 6]

4
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3.

Nov/2021/Paper_23/No.3d

(d) The aircraft in (c) travels from X to Y in a time of 14s. Fig. 3.3 shows that, as the aircraft
travels from X to Y, it moves directly towards an observer who is standing on the ground.

aircraft

o % observer

ground

Fig. 3.3 (not to scale)

The aircraft emits sound as it travels from X to Y. The observer hears sound of frequency
450 Hz. The speed of the sound in the air is 340ms™".

Calculate the frequency of the sound that is emitted by the aircraft.

frequenCy = ... Hz [3]

[Total: 11]

5
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4. Nov/2021/Paper_23/No.5
(a) For a progressive wave on a stretched string, state what is meant by amplitude.

(b) Light from a laser has a wavelength of 690 nm in a vacuum.

Calculate the period of the light wave.

(c) Atwo-source interference experiment uses the arrangement shown in Fig. 5.1.

> ”
= |] Ia
S _
| o _
-
light from laser, ] .
double slit screen

wavelength A

Fig. 5.1 (not to scale)
Light from a laser is incident normally on a double slit. A screen is parallel to the double slit.

Interference fringes are seen on the screen at distance D from the double slit. The separation
of the centres of the slits is a. The light has wavelength A.

The separation x of the centres of adjacent bright fringes is measured for different values of
distance D.

6
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The variation with D of x is shown in Fig. 5.2.

A

0 D

Fig. 5.2
The gradient of the graph is G.

(i) Determine an expression, in terms of G and A, for the separation a of the slits.

= SRR [2]

(ii) The experiment is repeated with slits of separation 2a. The wavelength of the light is
unchanged.

On Fig. 5.2, sketch a graph to show the results of this experiment. [2]

[Total: 8]
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5. March/2021/Paper_22/No.5

A source of sound is attached to a rope and then swung at a constant speed in a horizontal circle,
as illustrated in Fig. 5.1.

horizontal circular
path of source,

radius 2.4 m
rope source
of sound .
distant
observer

Fig. 5.1 (not to scale)

The source moves with a speed of 12.0ms™" and emits sound of frequency 951Hz. The speed of
the sound in the air is 330ms™". An observer, standing a very long distance away from the source,
hears the sound.

(a) Calculate the minimum frequency, to three significant figures, of the sound heard by the
observer.

minimum freqUenCy = ... Hz [2]
(b) The circular path of the source has a radius of 2.4m.

Determine the shortest time interval between the observer hearing sound of minimum
frequency and the observer hearing sound of maximum frequency.

timeinterval = .. ... s [2]

[Total: 4]

8
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Stationary waves — 2023 June AS Physics 9702

1.

2.

June/2023/Paper_9702/11/No.26
A string is stretched between a vibration generator and a fixed point.

When the vibration generator is vibrating at a frequency f, a stationary wave with five nodes is
created on the stretched string, as shown. There is a node at the end of the string that is attached
to the vibration generator.

fixed point

vibration
generator —_

The frequency of vibration of the vibration generator is slowly increased.

What is the next frequency that produces a stationary wave on the string?

A 1.25f B 1.50f C 1.75f D 2.00f

June/2023/Paper_9702/12/No.25

A stationary wave is formed by two progressive waves travelling in opposite directions along the
same line of travel.

Which statement about the two progressive waves is not correct?
A They must have a constant phase difference.

B They must have the same frequency.

C They must have the same wavelength.
D

They must travel at the same speed.
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3. June/2023/Paper_9702/12/No.26
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.

? __—loudspeaker

60 cm

The tube has height 60cm.
The speed of sound in the air is 340ms™".

What is the frequency of the sound?

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

4. June/2023/Paper_9702/13/No.25
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 at time f,. 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 point Q.

Which statement is correct?

A A short time after f;, point R on the string will be displaced.

B A short time after {;, points S and T on the string move in opposite directions.
C The distance between P and Q is one wavelength.
D

Two moving points on the string that are equal distances from point R vibrate in phase.
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5. June/2023/Paper_9702/13/No.26
The variation with distance x of the intensity I along a stationary sound wave in air is shown.

A

The speed of sound in air is 340ms™".

What is the frequency of the sound wave?

A 1700Hz B 2300Hz C 3400Hz D 6800Hz

3
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6.

June/2023/Paper_9702/22/No.5(b)

(b) Atube is closed at one end. A loudspeaker is placed near the other end of the tube, as shown
in Fig. 5.1.

tube

loudspeaker I L !

Fig. 5.1 (not to scale)
The loudspeaker emits sound of frequency 1.7 kHz. The speed of sound in the air in the tube
is 340ms~!. A stationary wave is formed with an antinode A at the open end of the tube.
There is only one other antinode A inside the tube, as shown in Fig. 5.1.

Determine:

(i) the wavelength of the sound

wavelength = .. e m [2]

(if) the length L of the tube

(iif) the maximum wavelength of the sound from the loudspeaker that can produce a
stationary wave in the tube.

maximum wavelength = ... m [1]

4
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7. 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.

(ii) 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 = ... m (2]

5
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(iii) Use your answers in (b)(i) and (d)(ii) to determine the speed of the sound in the air.

[Total: 13]

6
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Waves — 2023 June AS Physics 9702

1. June/2023/Paper_9702/11/No.21
The graph shows the variation with time of the displacement of a particle in a progressive wave.

displacement
X\ y /\i

0 ~ / N
(|) \/ \ time

Two measurements, x and y, are labelled on the graph.

What do x and y represent?

X y
A amplitude period
B frequency period
C amplitude wavelength
D frequency wavelength

2. June/2023/Paper_9702/11/No.22
A car travels at a constant speed along a straight line PQ.

A loudspeaker attached to the car emits sound of constant frequency . A stationary observer is
at point O.

o

GE1D :

7 P Q

What does the cbserver hear as the car moves from P towards Q7

A afrequency less than fthat decreases as the car moves from P towards Q
a frequency less than fthat increases as the car moves from P towards Q

B
C afrequency more than f that decreases as the car moves from P towards Q
D

a frequency more than f that increases as the car moves from P towards Q
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3. June/2023/Paper_9702/11/No.23
Some sources of electromagnetic waves in free space are listed.

1 aradio wave transmitter

2 asource of X-rays

3 a 30 mm wavelength radar transmitter
4

a light-emitting diode that emits red light

Which list gives the sources in order of increasing wavelength, from left to right, of the waves
emitted by the sources?

A 153542
B 2545153
C 254531
D

301542

4. June/2023/Paper_9702/11/No.24

A vertically polarised beam of light is incident normally on a polarising filter. The transmission axis
of the filter is at an angle of 40° to the horizontal.

beam of vertically
polarised light

\ transmission axis
\ of polarising filter

polarising filter

horizontal beam of

transmitted light

amplitude of transmitted beam
What is the ratio P ?

amplitude of incident beam

A 041 B 0.59 C 064 D 0.77

2
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5. June/2023/Paper_9702/12/No.20

A microphone detects a sound wave. The microphone is connected to a cathode-ray oscilloscope
(CROQ).

The shape of the trace on the screen of the CRO is shown.

ff N \
/ /1 I\
\
\ / \
\_V/
\_ M N

Which property of the sound wave can be determined by using only the measurement of a
horizontal distance on the screen and the value of a control setting of the CRO?

A amplitude
B frequency
C speed

D wavelength

6. June/2023/Paper_9702/12/No.21

A longitudinal wave is travelling from left to right. The graph shows the variation of the
displacement of the particles with distance along the wave at one instant in time.

Displacements to the right are positive; displacements to the left are negative.

Which labelled point represents a compression?

) A
displacement

B /
0 D >
0 \/ distance

C

7. June/2023/Paper_9702/12/No.22
A source X emits a sound wave of constant frequency f.

The wave is subsequently received at a stationary detector Y.
The frequency of the wave that is detected by Y is less than f.

What could be the reason for this?

A Between X and Y, the wave undergoes diffraction.
B Between X and Y, the wave undergoes reflection.
C Xis moving away fromY.
D

X is moving towards Y.
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8. June/2023/Paper_9702/12/No.23
A beam of visible light is in a vacuum.

What could be the frequency of the light?

A 50x10°Hz B 50x10°Hz € 50x10"Hz D 5.0x10"Hz

9. June/2023/Paper_9702/12/No.24

A vertically polarised beam of light of intensity Ip is incident normally on a polarising filter.

The transmission axis of the filter is at 45° to the vertical. The beam of light transmitted by this
filter is then incident normally on a second filter. The transmission axis of the second filter is

horizontal.

transmission axis
vertically of second filter
polarised

light

transmission axis
of first filter

What is the intensity of the beam of light after transmission through the second filter?

A 0 B 1l c il D I

10. June/2023/Paper_9702/13/No.20
A progressive wave of frequency 1.5 kHz travels in a medium at a speed of 340 ms .

What is the minimum distance between two points on the wave that have a phase difference of

70°7

A 44cm B 8.8cm C 18cm D 23cm

4
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11. June/2023/Paper_9702/13/No.21

Graph 1 shows the variation with time of displacement at a fixed distance along a progressive
wave.

Graph 2 represents the same wave and shows the variation with distance of displacement at an
instant in time.

graph 1
2.0—--== |
displacement/cm !
0 : I / time/s
0 0.10 0. 0.30 .40
—1.04
-2.0-
graph 2
2.0—--== |
displacement/cm !
1.0 !
0 : I / distance/cm
30 6 90 20
—1.04
-2.0-
What is the speed of the wave?
A 50cms™ B 48cms™ C 150cms™ D 300cms™

12. June/2023/Paper_9702/13/No.22

A vehicle moves with constant velocity along a road directly towards an observer. The observed
frequency of the sound from the vehicle changes as the vehicle moves past the observer.

Which phenomenon explains the change in frequency?
A diffraction

B interference

C polarisation

D the Doppler effect

13. June/2023/Paper_9702/13/No.23
An electromagnetic wave has a wavelength of 2.1 ¢cm in a vacuum.

Which region of the electromagnetic spectrum contains this wave?

A infrared

B microwave
C radio wave
D

visible light

5
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14. June/2023/Paper_9702/13/No.24
A source of plane polarised light is observed through two polarising filters.

rotated

anticlockwise
rotated
clockwise

source of )
polarised light —

/
olarising filters
P g observer

The filters are positioned so that the source appears at its brightest. One of the filters is then
rotated clockwise and the other filter is rotated anticlockwise through the same angle.

How does the source appear when both filters have been rotated 90° and 180° from their initial

positions?
90° 180°
A brightest brightest
B brightest darkest
C darkest brightest
D darkest darkest
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15. June/2023/Paper_9702/21/No.5(a)
(a) An electromagnetic wave in a vacuum has a wavelength of 8.4 x 10°m.

(i) State the name of the principal region of the electromagnetic spectrum for the wave.

- [1]

(ii) Calculate the frequency, in THz, of the wave.

frequency = ... THZ [2]

7
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16. June/2023/Paper_9702/22/No.5(a, b)

(a) A progressive wave travels through a medium. The wave causes a particle of the medium to
vibrate along a line P. The energy of the wave propagates along a line Q.

Compare the directions of lines P and Q if the wave is:
(i) atransverse wave

1]
(ii) a longitudinal wave.

1]

(b) Atube is closed at one end. A loudspeaker is placed near the other end of the tube, as shown
in Fig. 5.1.

tube

loudspeaker - L -

Fig. 5.1 (not to scale)
The loudspeaker emits sound of frequency 1.7 kHz. The speed of sound in the air in the tube
is 340ms~!. A stationary wave is formed with an antinode A at the open end of the tube.
There is only one other antinode A inside the tube, as shown in Fig. 5.1.

Determine:

(i) the wavelength of the sound

wavelength = ... M [2]

(ii) the length L of the tube

8
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(iii) the maximum wavelength of the sound from the loudspeaker that can produce a
stationary wave in the tube.

maximum wavelength = ... m [1]

9
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17. June/2023/Paper_9702/23/No.4(a _c)
(a) For a progressive wave, state what is meant by the frequency.

- 1]
(b) A loudspeaker, microphone and cathode-ray oscilloscope (CRO) are arranged as shown in
Fig. 4.1.
microphone
loudspeaker
“\\
CRO

Fig. 4.1

The loudspeaker is emitting a sound wave which is detected by the microphone and displayed
on the screen of the CRO as shown in Fig. 4.2.

]
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1
1
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1
1
1
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=
1
1
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1
L=
1
T
T
T
|
1
1
1
""'l-n-n-.l

———
——
——

1.0cm

-

1.0cm

Fig. 4.2

The time-base on the CRO is set to 0.50mscm™" and the y-gain is set to 0.20Vcm™".

10
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Calculate:

(i) the frequency of the sound wave

frequency = ..o e HZ [2]

(if) the amplitude of the signal received by the CRO.

amplitude = .. V [1]

(c) The intensity of the sound wave in (b) is reduced to a quarter of its original intensity without

a change in frequency. Assume that the amplitude of the signal received by the CRO is
proportional to the amplitude of the sound wave.

On Fig. 4.2, sketch the trace that is now seen on the screen of the CRO. [3]

11
STEMUP.CO.UK


https://stemup.co.uk

18. March/2023/Paper_9702/12/No.20

In a progressive water wave, two particles, P and Q, on the surface of the water, are a fixed
horizontal distance apart. P and Q oscillate vertically.

At time { = 0, the wave is as shown.

P surface of water

Q

Which graph best represents the variation with time f of the phase difference ¢ between the
oscillation of the water particle P and the oscillation of the water particle Q7

A B
A A
¢ ¢
0 \_/ ¢ 0 ¢
c D
' A
¢ ¢

19. March/2023/Paper_9702/12/No.21
Which statement about longitudinal waves and transverse waves is not correct?

A Both waves can be polarised.

B Both waves can form stationary waves.

C Both waves can transfer energy as progressive waves.
D

Both waves obey the equation v = fA.

12
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20. March/2023/Paper_9702/12/No.22
An cbserver hears a sound wave emitted from a moving source.
The observed frequency is less than the frequency of sound emitted from the source.

What could be the reason for this?

A The source is moving away from the observer.

The source is moving towards the observer.

B
C The speed of the sound wave in air decreases due to the movement of the source.
D

The speed of the sound wave in air increases due to the movement of the source.

21. March/2023/Paper_9702/12/No.23

What is the approximate range of frequencies of electromagnetic radiation visible to the human
eye?

A (430-750)kHz
B (430-750)MHz
C (430-750)GHz
D (430-750)THz

22. March/2023/Paper_9702/12/No.24

A beam of vertically polarised light is incident normally on a polarising filter. The filter can be

rotated so that it is always in a plane perpendicular to the beam. The transmission axis of the
filter is initially vertical.

beam of vertically
polarised light waves

transmission axis
of polarising filter

polarising filter — transmitted light

The filter is first rotated clockwise by an angle of 30° so that the transmitted light waves have
intensity Is.The filter is then rotated clockwise by a further angle of 30°.

What is the new intensity of the transmitted light waves?

A 0251y B 0.33I3 C 0.75Ix D 038713

13
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23. March/2023/Paper_9702/12/No.27

A transmitting mast sends out microwaves of wavelength 1.5¢m and radio waves of wavelength
1.5km.

//E\\ mountain

transmitting receiving
mast aerial

NOT TO SCALE

A receiving aerial behind a mountain can detect the radio waves but not the microwaves.
What is the reason for this?

A The radio waves are coherent but the microwaves are not.

B The radio waves are diffracted around the mountain but the microwaves are not.

C The radio waves are reflected by the mountain but the microwaves are not.
D

The radio waves travel at the speed of light but the microwaves do not.

14
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24. March/2023/Paper_9702/22/No.5a(l, ii)

(a) A microphone and cathode-ray oscilloscope (CRO) are used to analyse a sound wave of
frequency 5000 Hz. The trace that is displayed on the screen of the CRO is shown in Fig. 5.1.

1.0ecm

1.0cm

Fig. 5.1

(i) Determine the time-base setting, in scm™", of the CRO.

time-base setting = ..........cccoceveeveceeeeeecveee.SCMT T [2]

(ii) The intensity of the sound detected by the microphone is now increased from its initial
value of I to a new value of 3I. The frequency of the sound is unchanged. Assume that
the amplitude of the trace on the CRO screen is proportional to the amplitude of the
sound wave.

On Fig. 5.1, sketch the new trace shown on the screen of the CRO. [3]
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Stationary waves — 2023 Nov AS Physics 9702

1. Nov/2023/Paper_9702/11/No.25

In an experiment, a stationary wave is formed on a string stretched horizontally between two fixed
points.

Which statement about the experiment is correct?

A At certain times, the string between two nodes is horizontal with all points having zero
displacement.

B Each point on the string between two antinodes has an oscillation of the same amplitude.
The number of nodes is equal to the number of antinodes.

Two adjacent antinodes oscillate in phase.

2. Nov/2023/Paper_9702/11/No.26

A musical organ produces notes by blowing air into a set of pipes that are open at one end and
closed at the other.

The speed of sound in the air in the pipes is 320ms™".

What is the lowest frequency of sound produced by a pipe of length 10m?

A 4Hz B 8Hz C 16Hz D 32Hz

3. Nov/2023/Paper_ 9702/12/No.25
What can explain how stationary waves are formed from progressive waves?

A diffraction

B polarisation

C superposition

D the Doppler effect

4. Nov/2023/Paper_9702/12/No.26
A pipe has a length of 2.0m. It is open at one end and closed at the other end.

A stationary sound wave is set up within the pipe. There are four nodes (N) and four
antinodes (A) within the length of the pipe.

20m

What is the wavelength of the sound wave?

A 057m B 1.1m C 13m D 16m
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5. Nov/2023/Paper_9702/13/No0.25
Which statement concerning a stationary wave is correct?

A All the particles between two adjacent nodes oscillate in phase.
The amplitude of the stationary wave is equal to the amplitude of one of the waves creating it.

B
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.

6. Nov/2023/Paper_9702/13/No.26

Stationary sound waves can be formed in the air columns of pipes. One type of pipe is closed at
one end and open at the other end. Another type of pipe is open at both ends.

Which pipe can form a stationary sound wave with the lowest frequency?

A B Cc D

2L 2L
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Waves — 2023 Nov AS Physics 9702

1. Nov/2023/Paper_9702/11/No.21
Which row is correct for both progressive transverse waves and progressive longitudinal waves?

transverse waves longitudinal waves
A contain compressions some can travel
and rarefactions in a vacuum
B can be polarised contain compressions

and rarefactions

c vibrations are perpendicular can be polarised
to the direction of travel of
the wave energy

D some can travel vibrations are perpendicular
in a vacuum to the direction of travel of
the wave energy

2. Nov/2023/Paper_9702/11/No.20

Two waves pass through a point P. The graph shows the variation with time ¢ of the displacement s
of the two waves at point P.

" i<
ANN /1 AN

0 2 4 6 3 10 t/s

NANVZ4 A

S

What is the phase difference between the two waves at point P?

A 0° B 45° Cc 090° D 180°
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3. Nov/2023/Paper_9702/11/No.22
A toy dr10ne emits a sound of constant frequency 800Hz. The speed of the sound in the air is
330ms™.

The drone moves along a straight path directly towards an observer and then continues in a
straight line directly away from the observer. The speed of the drone is constant.

toy d\rone

observer

What is the velocity of the drone when the frequency of the sound heard by the observer is
850Hz?

g?ogc?:;ﬂ’cr? SCE direction of velocity
A 19 away from the observer
B 21 away from the observer
c 19 towards the observer
D 21 towards the observer

4. Nov/2023/Paper_9702/11/No.23
Which statement about electromagnetic waves in a vacuum is correct?

A Infrared waves have shorter wavelengths than visible light waves.
Microwaves have longer wavelengths than radio waves.

B
C Ultraviolet waves have higher frequencies than visible light waves.
D

v-rays have lower frequencies than X-rays.
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5. Nov/2023/Paper_9702/11/No.24

6.

Vertically polarised microwaves are emitted from a source. The microwaves are detected by a
receiver that is connected to a cathode-ray oscilloscope (CRO). The waveform displayed on the
screen of the CRO has an amplitude of 2.6 cm.

A metal wire grid that acts as a polarising filter is now placed between the source and the
receiver. The filter is orientated so that the plane of polarisation of the transmitted wave is at an
angle of 20° to the vertical.

source of vertically

polarised microwaves—___ \ polarising filter

transmitted wave

transmission axis —
of polarising filter

S

to receiver

The distance between the source and receiver is unchanged. The settings on the CRO are also
unchanged.

What is now the amplitude of the waveform displayed on the screen of the CRO?

A 0.30cm B 0.89cm C 23cm D 24cm

Nov/2023/Paper_ 9702/12/No.20

X and Y are two points on the surface of water in a ripple tank. A source of constant frequency
generates a wave which travels past X and Y, causing them to oscillate vertically.

direction of

wave travel
—_—

Y

water surface
X

What is the phase difference between X and Y?

A 45° B 135%5° C 180° D 270°

3
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7. Nov/2023/Paper_ 9702/12/No.21
A transverse wave on a rope has wavelength /1 and period T.

The graph shows the variation of the displacement of the particles of the rope with distance in the
direction of travel of the wave at time t=0.

A direction

™ of
displacement \ / of travel
0 X —
0 \/ 1 distance

Which graph shows the variation of the displacement of particle X with time {?

A particle X is labelled.

A

[ | [ |

displacement /\ displacement \ /
G P

0

~
o

[}

A
displacement

displacement

\/:r
/N

IV

S
-

8. Nov/2023/Paper_ 9702/12/No.22

A source of sound waves is moving at a constant speed directly towards a stationary observer.

The sound waves have a speed of 340ms™' and a frequency of 480Hz. The observer hears
sound waves of frequency 650 Hz.

What is the speed of the source?

A 89Ims™ B 120ms™ C 250ms™ D 340ms™

4
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9. Nov/2023/Paper_9702/12/No.23
A student is investigating two electromagnetic waves, X and Y, in a vacuum.

Wave X has a wavelength of 5.2 x 107" m. Wave Y has a frequency of 9.4 GHz.

Which principal regions of the electromagnetic spectrum contain waves X and Y?

X Y
A radio wave ultraviolet
B ultraviolet visible
C visible microwave
D microwave radio wave

10. Nov/2023/Paper_ 9702/12/No.24
A plane polarised light wave of intensity Iy is incident normally on a polarising filter. The initial
intensity of the transmitted wave is 0.

A second polarising filter is then inserted between the source and the first filter. Its transmission
axis is at 45° to the transmission axis of the first filter, as shown.

transmission axis
of second filter at 45°
to transmission axis
source of polarised light, of first filter
intensity I, /

transmission axis
of first filter

direction of travel
of light wave

What is the intensity of the transmitted wave from the filter combination?

To c Do p Io
8 4 2

A 0 B

5
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11. Nov/2023/Paper_ 9702/13/No.1
What is the best estimate of the wavelength of green light?

A 260nm B 540nm C 780nm D 920nm

12. Nov/2023/Paper_ 9702/13/No0.20

When sound travels through air, the air particles vibrate. A graph of displacement against time for
a single air particle is shown.

A
displacement

ATANANS
VIR

Which graph shows how the kinetic energy of the air particle varies with time?

A B
kinetic kinetic
energy /\ energy /\ /\
0+ | I time 01 J I time
0 T 2T 0 T 2T
C D
kinetic kinetic
i \VAVAVA! e /AVAVAVAN
0 I I time 0 I I time
0 T 2T 0 T 2T

13. Nov/2023/Paper_ 9702/13/No.21
A wave travels on the surface of water. P, Q, R and S are four particles of water on the surface.

The diagram shows the positions of the particles at one instant. The direction of travel of the
wave is from left to right.

direction of wave travel

Which two particles are about to move upwards?

A PandR B PandS C RandS D Qand$S

6
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14. Nov/2023/Paper_ 9702/13/No.22

A loudspeaker emits sound of frequency f.. The loudspeaker is attached to a car that moves with
increasing speed directly towards a stationary observer.

Which statement describes the frequency of the sound heard by the observer?
A afrequency greater than f; and increasing
B afrequency greater than f; but decreasing
C afrequency less than f; and decreasing
D

a frequency less than f; but increasing

15. Nov/2023/Paper_ 9702/13/No.23
Which statement about electromagnetic waves in a vacuum is correct?

A Amplitude is inversely proportional to velocity.

B Frequency is inversely proportional to wavelength.
C Intensity is proportional to amplitude.
D

Velocity is proportional to wavelength.

16. Nov/2023/Paper_ 9702/13/No.24

A vertically polarised electromagnetic wave of intensity I is incident normally on a polarising
filter. The transmission axis of the filter is at an angle of 30° to the vertical.

The transmitted wave from the first filter is then incident normally on a second polarising filter.
The transmission axis of this filter is at an angle of 90° to the vertical.

transmission axis

30° polarising
) filters

transmission axis
f
/

vertically polarised
electromagnetic wave

What is the intensity of the wave after passing through the second filter?

A 0 B 0.0630 C 019 D 0.56I
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17. 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 1.9m 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

i e
o.e5mm - —bright fringe

- 1.7mm -

-

[

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.

8
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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 fromY

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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18. Nov/2023/Paper_ 9702/22/No.5(b, c)
(b) State what is meant by the diffraction of a wave.

10
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(c) A beam of light of wavelength 4.3 x 10~"m is incident normally on a diffraction grating in air,
as shown in Fig. 5.3.

third order

beam of light, -

wavelength
43 x107"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]

11
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19. Nov/2023/Paper_ 9702/23/No.6

A train travels at constant speed along a straight horizontal track towards an observer standing
adjacent to the track, as shown in Fig. 6.1.

train —_— observer

track
CI T 1T T

ﬁ/

Fig. 6.1

The train sounds its horn continuously as it approaches the observer. The horn emits a sound of

constant frequency 251Hz. The frequency of sound heard by the observer is 291 Hz. The speed
of sound in air is 340ms™".

(a) Calculate the speed of the train.

12
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(b) The train approaches and then passes the observer. The intensity I of the sound heard by the
observer varies with the distance d of the horn from the observer.

When the horn is at a distance x, from the observer, the intensity I of the sound heard is I,
and the amplitude A of the sound wave at the observer is A,

Fig. 6.2 shows the variation with d/x, of I/I, as the train moves away from the observer.

1.0 1.0
L
111, A AlA,
0.8 \ 0.8
0.6 0.6
M
04 ' 04
‘.\
0.2 N 0.2
0 0
1 2 3 4 1 2 3 4
dlx, dlx,
Fig. 6.2 Fig. 6.3

(ii)

(i) State the relationship between amplitude A and intensity I for a progressive wave.

(ii) On Fig. 6.3, sketch the variation with d/x, of A/A,. [2]

[Total: 5]

State the principal region of the electromagnetic spectrum to which the waves belong.

[Total: 6]
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