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01 (@) State one property of electromagnetic waves that is not common to other transverse For

waves. Examiner's
Use

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

visible region

l

A B C D E F G

wavelength decreasing =
Fig. 5.1
A typical wavelength for the visible region D is 500 nm.

() Name the principal radiations angwnge agtyplcal wavelength for each of the regions

B, E and F.
B:name: ................ — wavelength ............................................. m
E:name: ... S Niebeck wavelength: ..., m
Ll 572112 [ J——— T ) O WAl wave!ength ............................................. m
(3]
(i) Calculate the frequency correspondmg t0a wavelength of 500 nm.
frequency = ..o, Hz [2]

(c) All the waves in the spectrum shown in Fig. 5.1 can be polarised. Explain the meaning
of the term polarised.

..........................................................................................................................................
..........................................................................................................................................

..........................................................................................................................................
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2

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 t& all regions—of the
electromagnetic spectrum.

B ettt eeesseeeeseesseeseessesees e s eeeesseseess e | RASHED = 3]

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

” 'iinumber T [2]

(c) State a typical wavelength for

(i) X-rays,

wavelength = ... m

(ii) infra-red radiation.
wavelength = ..., m
(2]

© UCLES 2004 9702/02/0/N/04 [Turn over
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(ii)

© UCLES 2013

Define, for a wave,

1. wavelength A,

Use your definitions to deduce the relationship between A, f and the speed v of the
wave.

(1]

3
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10

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

direction of travel of waves

-

8.0mm

A

18cm '

Fig. 5.1 (not to scale)

The waves have frequency 2.5Hz.

Determine, for the waves,

(i) the amplitude,

(ii) the speed,

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

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

© UCLES 2013 9702/23/0/N/13
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(c) The wave in (b) was produced in a ripple tank. Describe briefly, with the aid of a sketch B
diagram, how the wave may be observed. Examiner’s
Use

..........................................................................................................................................

..........................................................................................................................................

(2]

A
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0 4 Along rope is held under tension between 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.

—— 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
80mm during one oscillation. The wave on the rope has a wavelength of 1.5m.

(a) (i) Explain the term displacement for the wave on the rope.

(ii) Calculate, for the wave on the rope,

1. the amplitude,

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
(i) progressive or stationary,
.............................................................................................................................. [1]
(ii) longitudinal or transverse.
.............................................................................................................................. [1]

For
Examiner’s
Use
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5 (a) State whatis meant by a progressive wave. For

Examiner’s
Use

(b) The variation with distance x along a progressive wave of a quantity-y, at'a particular
time, is shown in Fig. 5.1.

d

/N
Y |

Fig. 5.1

(i) State what the quantity y could represent.

..................................................................................................................................

............................................................................................................................ [1]
(ii) Distinguish between the quantity y for

1. atransverse wave,

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

2. alongitudinal wave.

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

© UCLES 2009 9702/21/0/N/09
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Examiner's

0§ Fig.2.1 shows the variation with distance x along a wave of its displacement d at a particular vee

time.

o
AN

v

(a) (i) Use Fig.2.1to determine the wavelength of the wav

wavelength = ..., m

(ii) Hence calculate the frequency of the wave.

frequency = ..o 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]

© UCLES 2004 9702/02/M/J/04 [Turn over




0 7.' The variation with time t of the displacement x of a point in a transverse wave T, is shown in

Fig. 5.1.
X
HH A
y v
\ y A\ / \—
r1
A A
(l \ 1 2 3 \ 4 E) 6 |
A\ \ t/S—
N \
4 y
N,
HH-A
Fig. 5.1

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

.......................................................

e E
[ i -
v v ¢ :
h b % S 1
.......................................................... u'.,.,...m,'..‘.;-.-......_...--.....‘........................-...................

(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.

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

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

............................................................................................................................... [2]
(iii) For the time t=1.0s, use Fig. 5.1 to determine, in terms of A,
1. the displacement due to wave T, alone,
displacement = .................oocoii
2. the displacement due to wave T, alone,
displacement = ...............cooeiiiiiii
3. the resultant displacement due to both waves.
displacement = ................ccoeiiiiiiine
(3]

9702/2/0/N/02
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08 (@) 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. Examiner's
Use
8.0 *P
// \\ ,/, \\\
displacement 60 f A f
/mm i \ \
4.0 7 \Y 7 \
y '
2.0 7 \ 7 \
0 ! \ 7 A\
0 20 40 60 80 100 120
=9 0 f\\ l’ } { { i ;‘i
distance along string/cm
-4 O \ /
' \ 7
-6.0 AN
\\ ,)
-8.0 19
The frequency of the wave i
For this wave, use Fig. 6.1 to detern
(i) the amplitude,
- ":arhplitude TS SO mm [1]

(ii) the phase difference between the points P and Q on the string,
phase difference = ........ccccooovvoooio [1]

(iii) 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 0.25 T. On Fig. 6.1, sketch the new position of the wave. [2]

© UCLES 2011 9702/23/M/J111




15
(c) Another stretched string is used to form a stationary wave. Part of this wave, at a For
particular instant, is shown in Fig. 6.2. Examiner's
Use

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 = ..........ccoooevvvevoeeeieeee [1]
- (i) Explain the following terms used to describe stationary waves on a string:
antinode: ...................
node: ........cccoeeenenn,

o

(iii)  State the number of antinodes sh@WﬂQ“?Fig“ﬁz for this wave.

-;aﬂmbér of éntinbdéé T ST PP RO OURURRRRRRTN [1]

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

#

© UCLES 2011 9702/23/M/J/11 [Turn over




09 (@ (@) Explainwhatis meant by a progressive transverse wave.

PIOGIESSIVE! ooiiiiiiiiit it s es e et
FANSVEISE! ..o oo [ DY O A AR L
[2]
(i) Define frequency.
[1]

.......................................................................................................................................

(b) The variation with distance x of displacement y for a transverse wave is shown in Fig. 7.1.

2.0 R
ylcm = 2
1.0HEN AR AR A R
0 - 2Ry 1emi]
-1.0 \\ //
1
e
-2.0 =
- 5

llabelted,

.
;
k

On Fig. 7.1, five points are

Use Fig. 7.1 to state any two points having a phase difference of

(i) zero,
....................................................................................................................................... [1]
(i) 270°.
....................................................................................................................................... [1]
(c) The frequency of the wave in (b) is 15Hz.
Calculate the speed of the wave in (b).
SPEEA = oviiiiiiiece e ms~' [3
9702/23/0/N/14
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(d) Two waves of the same frequency have amplitudes 1.4cm and 2.1cm.

Calculate the ratio

© UCLES 2014

intensity of wave of amplitude 1.4cm

intensity of wave of amplitude 2.7cm -
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J ( A student is studying a water wave in which all the wavefronts are parallel to one another. For
The variation with time t of the displacement x of a particular particle in the wave is shown |Examiners
in Fig. 5.1. Use

+3
x/mm

+24F ] -

+1 J/ \ / \ \ J

AO
%

(=]
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‘L/—-
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D

|
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|

(@]
(00}
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‘l/’
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|

(00}
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(e}
i
N

N

|

.

Fig. 5.1

The distance d of the oscnllatlng -particles.from-the.source-of-the waves is measured.
At a particular time, the variation of the dxsplacement x with this distance d is shown in

Fig. 5.2.
+3 L .
x/mm {‘r :
+ 24 t ‘
+1 \ ack i |
- T
0 N 20 B & 5X 6 [
1 . d/cm?
-2 +
-3

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

(i) displacement,

© UCLES 2010 9702/22/0IN/10




13

(b) Use Figs. 5.1 and 5.2 to determine, for the water wave, For

Examiner’s
(i) the period T of vibration, Use

T e b3l o st

(ii) the wavelength 4,

(iii) the speed v.

(c) (i) Use Figs. 5.1 and 5.2 to state and expﬁ;ain whether the wave is losing power as it
moves away from the source.

.............................................................................................................................. [2]
(ii) Determine the ratio
intensity of wave at source
intensity of wave 6.0cm from source
ratio = .o, [3]

© UCLES 2010 9702/22/0/N/10 [Turn over




J 1 (@ Fig. 4.1 shows the variation with time ¢ of the displacement x of one point in a
progressive wave.

0.4 [ 105 3
[y #4113

Fig. 4.1

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

0.4 ~
b
0.2
-0.2 :
0.4 - ‘;‘
Fig. 4.2
(i) Use Figs. 4.1 and 4.2 to determine, for this wave,
1. the amplitude,
amplitude = ... mm
2. the wavelength,
wavelength = ..., m

9702/2/0/N03

For
Examiner’s
Use




1

For
Examiner's
3. the frequency, Use
- frequency = .............. 0 ses Hz
4. the speed.
. I POTRRRRSRRR ms™
[6]
(ii) On Fig.4.2, draw a se: cond wave havir the same, amplitude but half the frequency
as that shown. wl ) [1]
9702/2/0N03 [Turn over




1 2 Fig.5.1 shows the variation with time t of the displacements X, and xg at a point P of two

sound waves A and B. Exari%er’s
Use
I O |
wave A
3
xa/1074cm
2
VA A J/ \Y
1 7 7
i '
0 A i
0 1 2 3 45 6\ t/ms
1 A A\ { \
AY Vi A 7
-2
-3
wave B
2 7 % 1/ 8
xg/10™*cm SEaAmunn
1
- 0 o
0 1 5 6 t/ms
-1
N\ /)

_2 h 4

Fig. 5.1
(a) By reference to Fig. 5.1, state one similarity and one difference between these two
waves.
SIMUIATIEY: <. e e
(0 111=T (=T Lo = TP ST SRS S ST [2]

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

© UCLES 2005 9702/02/0/N/05
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(c) The intensity of wave A alone at point P is I.

(i) Show that the intensity of wave B alone at point P is %I.

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

© UCLES 2005 9702/02/0/N/05 [Turn over
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13 (a) State the principle of superposition.

...................................................................................................................................... [2]
(b) An arrangement that can be used to determine the speed of sound in-gir-is-shown. i
Fig.6.1.
S
L < ——————————————————— =
microphone
loudspeaker
C.r.o. N

Fig. 6.1

Sound waves of constant frequency are emitted from the loudspeaker L and are
reflected from a pomt S on a hard surface

wave is produced.

wave between L and S.

(c) A microphone connected to a cathode ray oscilloscope (c.r.0.) 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.

I1 cm

1cm
Fig. 6.2

The time-base setting on the c.r.o.is 0.10mscm™".

© UCLES 2011 9702/22/0/N/11
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(i) Calculate the frequency of the sound wave. For

Examiner’s
Use

frequeNCY = ..o e “HZ [2]

(i) 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.

Please turn over for Question 7.

© UCLES 2011 9702/22/0/N/11 [TUI'I’I over




1 4 A loudspeaker produces a sound wave of constant frequency.

For
Examiner’s

Outline how a cathode-ray oscilloscope (c.r.0.) may be used to determine this frequency. Use

© UCLES 2010 9702/23/0IN/10
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15 (@ A source of sound has frequency f. Sound of wavelength A is produced by the source.
(i) State

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

..................................................................................................................................

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

source.
distance = ..o [1]

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

(2]

(b) The waveform of a sound rwavé, ‘produ'ced on the screen of a cathode-ray oscilloscope
(c.r.o.) is shown in Fig. 5.1

i1cm

1cm

Fig. 5.1

© UCLES 2010 9702/23/M/J110
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13

The time-base setting of the c.r.0. is 2.0 ms cm-". For

] Examiner's
(i) Determine the frequency of the sound wave. e

frequency = .......coooovione 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]

R

© UCLES 2010 9702/23/M/J110 [Turn over




16 (a) State Newton'’s first law of motion.

...................................................................................................................................................

(b) An object A of mass 100g is moving in a straight line with a velocity of 0:6Qms= to the right.
An object B of mass 200g is moving in the same straight line as object'A with”a-viglocity of
0.80ms™ to the left, as shown in Fig. 4.1.

A B

0.60ms™! 0.80ms™!
100g f— <—— 2009

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

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

r?1 gnitus eofelocrty 'f-=i”.‘. ............................................... ms™ [2]

(ii) The collision between A and B is inelastic.

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

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

...................................................................................................................................................

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

© UCLES 2017 9702/22/MIJNT7




1"

(¢) The sound wave emitted from the horn of a stationary car is detected with a microphone and
displayed on a cathode-ray oscilloscope (c.r.o.), as shown in Fig. 5.1.

‘V/ \\‘ V/ ‘\\\ ‘/ \\
/ \
/ \ / \ 7
Ji \ Vi \ /
I \
\ J \ ]
\ / \ Vi
4
y N
N d N /
171 .0cm
1.0cm
Fig. 5.1

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

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

B {1 V1121 N O Hz 2]

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

1. directly towards the stationary microphone,

2. directly away from the stationary microphone.

....................................................................................................................................

....................................................................................................................................

© UCLES 2017 9702/22/MIJ/17 [Turn over




17 (a) Describe the Doppler effect.

...................................................................................................................................................

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

The speed of sound is 340ms™'.

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

| SN m S"1
QIFECHON vt e e
(3]

[Total: 4]

© UCLES 2017 " 9702/21/MI/AT7 [Turn over




1 8 (a) State what is meant by the Doppler effect.

...................................................................................................................................................

...................................................................................................................................................

(b) A child sits on a rotating horizontal platform in a playground. The child nioves with/a constant
speed along a circular path, as illustrated in Fig. 4.1.

Q
circular PR AN
path \/ ’ \ .
/ \
! . \ to a distant
‘\ I‘ ™ observer
\ /
\ £
N 7
~ - _ ~
/‘ -
_ p 7.5ms
child
Fig. 4.1

An observer is standing a long distance away from the child. During one particular revolution,
the child, moving at a speed of 7.5ms™, starts blowing a whistle at point P and stops blowing
it at point Q on the circular path.

The whistle emits sound of frequency 950Hz. The speed of sound in air is 330ms~".

() Determine the maximum frequency of the sound heard by the distant observer.

maximum frequency B et eesssaenreseeee Hz [2]

(i) Describe the variation in the frequency of the sound heard by the distant observer.

...........................................................................................................................................

...........................................................................................................................................

[Total: 6]

© UCLES 2017 9702/22/FIMI17 [Turn over




The signal from a microwave detector is recorded on a cathode-ray oscilloscope (c.r.0.), as shown

in Fig. 2.1.
1cm
- 1em
/ \ / \ F
/ \ 7/ \ / \
\ / \ /
\ / LY /
Fig. 2.1
The time-base setting on the c.r.o:is 50psecm='.
(@) Using Fig. 2.1, determine t es.
wavelength = ... m [4]

(b) The signal from a radio wave detector is recorded on the same c.r.o.
. The wavelength of the radio waves is 1.5 x 103m.

Determine the time-base setting required to display the same number of oscillations on the
c.r.o. as shown in Fig. 2.1.

time-base setting = ..........ccooceiviiiiiici i (U] ]| S [2]

) © UCLES 2015 9702/21/0/N/15 [Turn over




2 () A microphone detects a musical note of frequency f. The microphone is connected to a cathode-
ray oscilloscope (c.r.o.). The signal from the microphone is observed on the c.r.o. as illustrated in

Fig. 2.1.
/] Vi
A
/| \ / \
\
\
7 /i \ Fi
\ /i \ /!
/ { \ /
/ \ / Y I
/ \ /. \ /
/ A
\ \ S
1.0cm
1 l- -
——————i-|
1 |
1.0cm

Fig. 2.1
The time-base setting of the c.r

(@) Use Fig. 2.1 to determine

() the amplitude of the s

o AMPIUAR = oo lrcer e eecereeee e oo mV [2]
(i) the frequency f,
F = creiniieisiesisensessssseeasseressonssassunaes Hz [3]
(i) the actual uncertainty in fcaused by reading the scale on the c.r.o.
actual unCertainty = .....cccoiiiivviiee e Hz [2]
(b) State fwith its actual uncertainty.
= E e ————————— Hz [1]
9702/23/0/N/14 [Turn over
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2 1 (@ Explain how stationary waves are formed.

(b) The arrangement of apparatus used to determine the wavelength of a sound wave'is’'shown

in Fig. 8.1.

loudspeaker

I

signal
generator

The loudspeaker emits sound of oné frec

microphone

oo

C.ro.

metal plate

uencyThe microphone is connected to a cathode-ray

e microphone is shown in Fig. 8.2.

oscilloscope (c.r.0.). 4¢]
The waveform obtained on the c.r. tion of th
1L Bl T 4]
BE e
ok 1| B Bode [ i e
e A e
f \ B AR REEL
\ 7 \ 1
] \ 1 \ 1
I \ 1 \ 1
1 \ 1 \ 1
J \ 1 \ 1
/ \ / \ 1
\
!
1.0cm
Fig. 8.2

© UCLES 2014
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15

The time-base setting of the c.r.o.is 0.20mscm™".

() Use Fig. 8.2 to show that the frequency of the sound is approximately 1300 Hz.

(2]

(i) Explain how the apparatus is used to determine the wavelength of the sound.

(iii) The wavelength of the sound_%avé’is 0.26m. Calculate the speed of sound in this

experiment.

© UCLES 2014
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2 2 A source of radio waves sends a pulse towards a reflector. The pulse returns from the For
reflector and is detected at the same point as the source. The emitted and reflected pulses |Examiners

are recorded on a cathode-ray oscilloscope (c.r.0.) as shown in Fig. 2.1. Use
1cm
1cm

Fig. 2.1

The time-base setting is 0.20 uscm".

(a) Using Fig. 2.1, determine the distance between the source and the reflector.

distance = ... m [4]
(b) Determine the time-base setting required to produce the same separation of pulses on

the c.r.o. when sound waves are used instead of radio waves.
The speed of sound is 300ms~".

© UCLES 2013 9702/22/0/N/13 [Tu rn over




2 3 (a) Explain what is meant by the following quantities for a wave on the surface of water:

() displacement and amplitude,

GISPIACEMENL .....oovvooooceneeese oo oo Lt |
L L OSSO WO -1 / e -\
(2]

(i) frequency and time period.
[FEQUENCY oovveeettrcni s o MO ST SS2T 1  S520707 |
UM PEIIOG ..ottt et s e esee oo ees oo
(2]
(b) Fig. 5.1 represents waves on the surface of water in a ripple tank at one particular instant of

time.
: direction of travel of waves
vibrator

|

15 mm
' - 12 mm _ \
- , . International Examinations Papers g .
. , Mob: +974 Siderviewess711 , . ;
i s tad sabadiarnall cos ¢ : : .
Sy T —— ?
ripple tank

Fig. 5.1 (not to scalé)

A vibrator moves the surface of the water to produce the waves of frequency f. The speed of
the waves is 7.5cms™". Where the waves travel on the water surface, the maximum depth of
the water is 15mm and the minimum depth is 12 mm.

© UCLES 2014 9702/21/M/J11 4




13
() Calculate, for the waves,

1. the amplitude,

amplitude = ...............oo b i o ) mm [1]

2. the wavelength.

wavelength = ..., m [2]

(i) Calculate the time period of the oscillations of the vibrator.

UM PETIOT = oo, s [2]

(c) State and explain whether the waves an the s;urfaé\e%bf,th;é water shown in Fig. 5.1 are

!

(i) progressive or stationary;

(ii) transverse or longitudinal.

...........................................................................................................................................

© UCLES 2014 9702/21/M1J/14 [Turn over




10

2 4 (a) State what is meant by the frequency of a progressive wave.

..............................................................................................................................................

...................................................................................................................................................

(b) A cathode-ray oscilloscope (c.r.0.) is used to determine the frequencyehthersoundemitted by
a loudspeaker. The trace produced on the screen of the c.r.o. is shown'in Fig.4.1.

A \ /
/.
/ /
/ \
£
v / \
I 1cm
Tcm
D
Fig- 4.1

The time-base setting of the c.r.o.is 250 uscm™".

Show that the frequency of the sound wave is 1600 Hz.

(2]

(c) The loudspeaker in (b) emits the sound in all directions. A person attaches the loudspeaker to

a string and then swings the loudspeaker at a constant speed in a horizontal circle above his
head.

An observer, standing a large distance away from the loudspeaker, hears sound of maximum
frequency 1640Hz. The speed of sound in air is 330ms~".

(i) Determine the speed of the loudspeaker.

© UCLES 2016 9702/23/0/N/16
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(i) Describe and explain, qualitatively, the variation in the frequency of the sound heard by
the observer.

...........................................................................................................................................
...........................................................................................................................................
...........................................................................................................................................

...........................................................................................................................................

[Total: 8]
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