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WAL : Wave Propagation WAL : Wave Propagation

Part A : HKCE examination questions | 4. <HKCE 1991 Paper I - 23 >

1. <HKCE 1983 Paper II - 26 >
Vibrator

A vibrator of frequency 5 Hz generates waves on a string. The above diagram shows the shape of the string at the instant
when the vibrator has made one complete vibration. Which of the following best shows the waveform 0.1 s later ?

R

A transverse wave is travelling steadily from left to right through a series of particles. Ata certain instant the wave form is B.
as shown in the figure. Which of the following statements about the particles is/are correct ?
(1) Particle P is moving down.

(2) Particle Q is moving up.

(3) Particle R is momentarily at rest. C
(1) only

(2) only

(1) & (2) only .
(2) & (3) only 2

onws>

2. <HKCE 1987 Paper I - 11 >

t =0.000s 5. <HKCE 1991 Paper II - 21 >
——> Direction of wave
P Q
t=10025s |
The above figures show a wave in the same section of string at two different instants. What is the greatest possible period of The above diagram shows a water wave travelling to the right. Which of the following statements is/are true ?

(1) PQ is equal to the wavelength.

the wave 7 ! (2) PR represents the amplitude.
A 0025s (3) The particle at P will move to S after a quarter of a period.
B. 0.050s A. (1)only
C. 01005 B. (3)only
D. 02005 C. (1)&(2)only
D. (2)& (3)only

3 ~<BMCEIDI Papenl=iy= 6. <HKCE 1992 Paper I- 22>

P

The above diagram shows a progressive transverse wave at a certain instant when travelling from left to right. Which of the R

following correctly shows the direction of motion of the particles at P, Q and R ? ] ) )
ollowing correctly P A water wave travels towards the right. The above diagram shows the waveform at a certain instant. Which of the following

P Q R statements is/are true ?

=5 (1) Particle P is moving downwards.
(2) Particle Q is moving upwards.

6 (3) Particle R is momentarily at rest.
(1) only

{ (3) only
(1) & (2) only

T (2) & (3) only
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< HKCE 1993 Paper IX- 22>
~———> Direction of wave

Vibrator

A vibrator generates a travelling w'ave on a string. The above diagram shows the shape of the string at a certain instant.
Which of the following shows the shape of the string between PQ after a quarter of a period ?
A. B.

< HKCE 1995 Paper II - 24 >
Displacement / cm

0.25

JANA

A train of water waves is generated in a ripple tank. The graph above shows the variation of the displacement of a cork
placed in the water with time. Find the frequency of the waves.

— Time /s

A, 02Hz
B. 025Hz
C. 4Hz

D. S5Hz

< HKCE 1996 Paper II - 24 >
Displacement

x Y
fe——— e———
Direction /\
of i ............... —p Time

Vibration

Direction of
propagation

Figure (2} i Figure (b)

A vibrator generates a travelling wave on a string. Figure (a) shows the shape of the string at a certain instant. Figure. b)
shows the variation of the displacement of a certain particle on the string with time. ‘Which of the following expressions
represents the speed of the travelling wave 7

A.
B.

C.

e wixn =&

10.

11

12.

13.

14.

<HKCE 1999 Paper II - 20 >

A cork in the water vibrates up and down 4 times in 2 s when a wave passes through it. The distance between two successive
crests of the wave is 10 cm. Find the speed of the water wave.

A. 005ms™!
B. 0.lms*
C. 02ms!
D. 04ms™?

<HKCE 1999 Paper I - 21 >

The diagram shows a transverse wave travelling along a string.
At the instant shown, particle P is moving upwards. Which of the
following statements is incorrect ?

The wave is travelling towards the left.

Particles P and @ vibrate with the same frequency.

Particle Q is moving downwards at this instant.

Particle R is at rest at this instant.

vowy

<HKCE 2000 Paper II - 24 >

Which of the following statements correctly describe(s) the meaning of the frequency of a wave ?
(1) the time taken for the wave to make one complete vibration
(2) the distance travelled by the wave in one second
(3) the number of waves produced in one second

A. (1) only
B. (3)only
C. (1)& (2)only
D. (2)&(3)only

< HKCE 2001 Paper II - 23 > Direction of

wave motion

R

Four corks are moving up and down on the surface of a pond as a water wave passes through them. At time ¢ =0, the
positions of the corks are shown above. The figure below shows the displacement-time graph of one of the four corks.
(Note : Displacement is positive when the cork is above the still water surface.}

Displacement T/\
’ \//\\/ e

Which cork has the motion represented by the graph ?

oOow e
(=R Y]

<HKCE 2002 Paper II - 25>

A wave source generates waves of frequency 50 Hz. How long does it take for the waves to travel 100 m ?
A. 05s

B. 2s
C. 5000s
D. It cannot be determined as insufficient information is given.
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Questions 15 and 16 : A transverse wave travels along a string with a speed of 1.2 m 5™, The diagram below shows the shape of
the string at a certain instant.

15.

16.

17.

Displacement/cm - g
P —» Direction of wave motion

< HKCE 2003 Paper II - 25 >

Which of the following statements about the transverse wave are correct 7
(1) Its wavelength is 20 cm.
(2) Tts frequency is 6 Hz.
(3) Its amplitude is 6 cm.

A, (D) &) only
B. (1) &(3)only
C. (2) & (3) only
D. (),@&B)
< HKCE 2003 Paper II - 26 >
Which of the following diagrams shows the shape of the string at a quarter of a period later ?
B.
Displacement/cm Displacement/cm
4
3
0 fem » Distance/cm
40
Gpeanedd rnnsemesceddinane 00 3freMSecnesacssasamsasmnn
E D.
Displacement/cm
A 4
Y e L s aiietaietety o Jebtrte
/\ —» D fem 0 -+ Distance/cm
NZ I N 40
3 e e e -3

< HKCE 2004 Paper IT- 22>

2em
The solid curve in the diagram shows a transverse wave at [
a certain instant. After 0.05 s, the wave has travelled a <) \\\ 1] 7\"\
distance of 2 cm and is indicated by the dashed curve. Find iy \ ; \
the wavelength and frequency of the wave. { ] ,,’ N
2 \
Wavelength / em Frequency / Hz ! & 7 i ;
/
A 8 25 B, /
B. 8 B K 3 R
c 16 25 N
2 16
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Questions 18 and 19 :

The displacement-distance graphs of the particles along a travelling wave at time ¢ = 0 and 7= 0.2 s are shown below.

18.

19.

20,

Di

splacement at £ =0
\

R .
[i\

thm

Displacement at=0.2 s

0 » Distance

¢2cm

A
2cm
<HKCE 2005 Paper II - 34 >
Which of the following statements about the wave are correct ?
(1) Its amplitude is 6 cm.,

(2) Its wavelength is 8 cm.
(3) Iis frequency is 5 Hz.

A, (1) & (2) only

B. (1) & (3) only

C. (2)& (3)only

D. (1),(&3)

<HKCE 2005 Paper II - 35 >
‘What is the speed of the wave ?
A, 02ms?!

B. 03ms™?

C. 04ms™

D. 08ms™

< HKCE 2006 Paper I1 - 16 >

In December 2004, an earthquake in the Indian Ocean caused a tsunami which produced water waves having wavelength
about 100 m and frequency about 2 Hz, What was the approximate time taken for these water waves to travel from the
earthquake centre to Sri Lanka across a distance of about 1500 km ?

A, 1hour
B. 2 hours
C. 3hours

D. 4hours
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21, <HKCE 2007 Paper II - 33 > | 23. <HKCE 2009 Paper II - 36 >
e e n b d . -
A longitudinal wave is travelling from left to right in a medium. Figure (a) shows the equilibrium positions of particles 4 to J a ¢ e f g h i J k
in the medium. At time ¢ = 0, the positions of the particles are shown in Figure (b). Which of the following correctly shows )
the displacement-time graph of particl¢ / ? (Note: displacement to the right is taken to be positive) Figure (2)
Figure (a) 4. C.D . Eo b & equilibrium position abe d ¢ s g h ijk
Figure (b)
Figure () shows a series of particles (a — &) at their equilibrium positions. Figure (b) shows the positions of the particles at a
Figure (b) ¥ t=90 certain instant when a longitudinal wave travels to the right passes through the particles. Which are the directions of the
i bipiib motion of the particles ¢ and fat the instant shown in Figure (b) ?
direction of propagation particle ¢ particle f
A B. C. D. A, to left to left
TS K s 3 B. toleft to right
4 C. to right to left
D. to right to right
t t 0 t
0 d 9 9 24. <HKCE 2010 Paper II - 34 >
direction of travel
——

22. <HKCE 2008 Paper II - 37>
a b c d e f g h i A k

Figure (a)

. Figure (b)

Figure (a) shows a series of particles which is uniformly distributed along a slinky spring. Figure (b) shows theil: posi.tions at
a certain instant when a travelling wave passes through the slinky spring from left to right. Which of the following diagrams
shows the correct positions of the particles afier half a period from the instant shown in Figure (b) ?

abe d e Ifs g hoijk
A,
a b cde f g h i
B.
a b c def g h i J
C.
b c d e fgh i J k
D.

25,

equilibrium position

A wave travels along 2 string to the left. The figure above shows its waveform at time ¢ =1 s. Which of the following
displacement-time graphs best represents the motion of particle P 7 (Take displacement upwards to be positive.)

A, Displacement B.
A

/.\./I\N/s
0/123456 0

C.  Displacement D.
4

h
\ T /.\ —>1/s
NS T R

< HKCE 2010 Paper II - 35>

Displacement

=)

Figure (a) shows the equilibrium positions of particles E to N in a medium. A longitudinal wave is travelling from left to
right. At time 7, the positions of the particles are shown in Figure (b).

E F G H I J X L M N

Figure (a) equilibrium positions

Figure (b) time =4

direction of travel
Which of the following particles is momentarily at restat #; ?

A K B. L C. M D. N
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Questions 26 and 27 :

The figure below shows the displacement-distance graph of a wave travelling to the right with speed 2 cm 57! at a certain instant.
P and Q are two particles at distances x = 8 cm and 18 cm respectively.

26.

27.

28.

Displacement / cm

Q

VANEIVAN

<HKCE 2011 Paper I1 - 34 >
What is the period of the wave ?

» x/cm

A 025s
B. 4s
C. 8s

D. 18s

< HKCE 2011 Paper II - 35>
What is the shortest time for P to have the same displacement as Q at the instant shown ?

A 1s
B. 3s
C. 4s
D. 5s

<HKCE 2011 Paper XI - 36 >

Figure (a) shows a series of particles (£ — O) at their equilibrium positions. Figure (b) shows the positions of the particles at
a certain instant when a longitudinal wave travelling to the right passes through the particles.

4 F ;__H J K M N O
Figure (a)
LFG it J K. o
Figure (b)
direction of travel m’

Which of the following statements is incorrect 7

A. The separation between F and N equals to the wavelength of the wave.
B. The amplitude of the wave is 4 cm,

C. Jis momentarily at rest at the instant shown in Figure (b).

D. Nis at the centre of compression at the instant shown in Figure (b).

Part B : HKAL examination questions

29.

30.

31,

<HKAL 1992 Paper I - 20 >

Figure (a)

Figure (b)

F.igure (a) shows the equilibrium positions of equally spaced particles in a medium. A longitudinal wave travels from left to
right through the medium. At a certain instant, the positions of the particles are shown in Figure (b). What will be the
directions of motion of particle 1 and particle 7 at this instant ?

Particle 1 Particle 7
A.  totheright to the right
B. to the right to the left
C. totheleft to the right
D. totheleft to the left
< HKAL 1993 Paper I -24 >
displacement

» time in seconds

o‘zo\/o.rzs 0.70

A displacement-time graph of a particle in a travelling wave is shown. What is the frequency of this wave ?

A 143Hz
B. 2.00Hz
C. 222Hz
D. 4.00Hz

< HKAL 1994 Paper 1A - 14 >

displacement / m displacement / m
UI 0.3 (X A position /m 0’ \Q/I'S 75 » time / ms
Figure (a) Figure (b)

Figure (a) represents the displacement-position graph of a travelling wave at a certain instant and Figure (b) represents the
displacement-time graph of a particle in the wave. Calculate the speed of the wave.

A. 300ms!
B. 150ms™!
C. 12ms*!
D. 0.6ms™
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32.

33.

34,

< HKAL 1995 Paper A - 12>

direction of propagation of wave

-_

[T T T

A B

The above figure shows a longitudinal wave travelling to the right. The particles 4 and B are at the centre of a compression
and a rarefaction respectively. Which of the following gives correctly the directions of motion of 4 and B at the moment
shown ?

Particle 4 Particle B
A.  totheright to the left
B. totheright at rest
C. totheright to the right
D. atrest fo the right

< HKAL 1998 Paper IIA - 13 >

The above figure shows a transverse wave propagating along a string. At the instant shown, the particle D on the string is
moving downward. Which of the following deductions is/are correct 7

(1) The wave is propagating to the left.

(2) Particle B takes longer time to reach its equilibrium position than that of particle 4.

(3) Particles C and D are moving in opposite directions at the instant shown.

(1) only

(3) only

(1) & (2) only

(2) & (3) only

oow>

<HKAL 2000 Paper IIA - 17 >

Displacement of air particles

P s
<

The above figure shows the displacement — position graph of a longitudinal wave at a certain instant. Take the displacement
towards the right as positive, which of the following statements about particle P at this instant are correct ?

position

(1) P isa centre of compression.

(2) P has the greatest kinetic energy.
(3) P is moving towards the right.
(1) & (2) only

(1) & (3) only

(2) & (3) only

0,2 &3

QW

35;

36.

< HKAL 2003 Paper IIA - 14 >

The figure shows three particles P, Q and R on a transverse wave travelling towards the right. The three particles will reach
their own equilibrium positions at different times in the sequence of

A. R,P,Q
B. R,Q,P
C. P,R,Q
D. P,O,R

<HKAL 2009 Paper IIA - 16 >
y/em

r_'ﬁ\y_'zwi\a‘/g'§vlb
The above figure shows the displacement y against the position x of a transverse wave travelling to the right at time 7=0. P

and Q are two particles at x = 1 cm and x = 9 cm respectively. Next time when P reaches its crest position is at f = 0.3 s.
Which of the following statements are correct ?

(1) The speed of the transverse wave is 10 cm s,
(2) Particle Q first reaches its crest position at #=0.5s.

(3) When Q reaches its crest position, P also reaches its crest position.

A, (1) & (2) only
B. (1) & (3)only
C. (2) & (3) only
D. (),@&B)

Part C : HKDSE examination questions

37,

< HKDSE Sample Paper JA - 17>

The solid curve in the above diagram shows a transverse wave

at a certain instant. Afier 0.05 s, the wave has travelled a e
distance of 2 cm and is indicated by the dashed curve. Find T iy
the wavelength and frequency of the wave. ! /\/ \ ’ /\/ \
’ \ ’ AY
Wavelength / cm Frequency / Hz / N ! 5
A, 8 2.5 N g Y
B. 16 25 3
c 8 5 "N/
D 16 5
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38,

39.

40.

< HKDSE Sample Paper IA - 18 >

direction of propagation
e

The figure shows the shape of a transverse wave travelling along a string at a certain instant. Which statements about the
motion of the particles P, O and R on the string at this instant is correct ?

Particle P is moving downwards.

Particle Q is stationary.

Particle R attains its maximum acceleration.

P and Q are in phase.

QW

< HKDSE Practice Paper YA - 17 >

2cm

1 2 3 4 5 [ 1 8 9 10 11 12 13
] ] ] ] 1 ' 1 ) 1 1 ] 1 1
] 1 1 ] 1 ) 1 ] 1 1 1 1 1
1 ] ] 1 1 ] 1 ] 1 1 1 1 1]
1 1 ] 1 1 ] 1 1 1 1 1 1 '
i ] ) T ] ' 1 ) 1 T 1 1 )
i 1 1 ) ] ' 1 1 1 1] 1 1 1
1 1 1 l 1 ' 1 1 1 Ll 1 1 '

L] L] L] . L] . L] L] L ] L] L] L ] L]

1 2 3 4 5 6 7 8 9 10 11 12 13

.

direction of propagation

A longitudinal wave travels to the right through a medium containing a series of particles. The figure above shows the
positions of the particles at a certain instant. The dotted lines indicate the equilibrium positions of the particles. Which of the
following statements about the wave at the instant shown is/are correct ?

(1) The wavelength of the longitudinal wave is 16 cm.

(2) Particles 8 and 10 are moving in the same direction.

(3) Particle 3 is momentarily at rest.

A. (1)only
B. (3)only
C. (1) & (2)only
D. (2)&(3)only

< HKDSE 2012 Paper IA - 15>

ab ¢ d e ya g hijk

Figure (a)
a b c def g h i J

Figure (b)
Sem®

A series of particles is uniformly distributed along a slinky spring initially. Figure (a) shows their positions at a certain
instant when a travelling wave propagates along the slinky spring from left to right. Figure (b) shows their positions 0.1 s
later. Which statement is correct ? .

A. Particle e is always stationary.

B. Particles a and i are in phase.

C. The wavelength of the wave is 16 cm.

D. The frequency of the wave is 10 Hz.

41.

42.

43.

<HKDSE 2013 Paper IA - 16>

displacement direction of travel

P ’

6\/18 30\

The figure shows a snapshot of a section of a continuous transverse wave travelling along the x-direction at time ¢ = 0.
Atz= 1.5 s, the particle P just passes the equilibrium position for a second time at that moment. Find the wave speed.

» x/cm

A. 20cms™
B. 12cms™
C. 6cms?!
D. 4cemst

<HKDSE 2013 Paper IA - 17>

Figure (1) 2

Figure (2)

# T
F{ireciio I
Figure (1) shows the equilibrium positions of particles a to k separated by 5 cm from each other in a medium. A longitudinal

wave is travelling from left to right with a speed of 80 cm s™. At a certain instant, the positions of the particles are shown in
Figure (2). Determine the amplitude and frequency of the wave.

amplitude frequency
A. 6 cm 2Hz
B. 6 om 4Hz
C. 9cm 2Hz
D. 9cm 4Hz

<HKDSE 2014 Paper IA - 14>

direction of trave] €———————

A transverse wave travels towards the left on a long string. P, O, R and § are particles on the string. Which of the following
statements correctly describe(s) their motions at the instant shown ?

(1) P is moving upwards.
(2) Q and S are moving in opposite directions.
(3) R is momentarily at rest.

A. (1) only
B. (3)only
C. (1) & (2) only
D. (2)& (3) only
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4.

45.

46.

< HKDSE 2015 Paper IA - 12>

a b c def & h i J

Figure (a)
ab ¢ d e S g hij k

Figure (b)
a b c def 8 h J

Figure (c)

A series of particles is uniformly distributed along a slinky spring initially. When a travelling wave propagates along the
slinky spring from left to right, Figure (a) shows the positions of the particles at a certain instant. Figures (b) and (c)
respectively show their positions 0.05 s and 0.1 s later. Which of the following is/are a possible frequency of the wave ?

(1) 10Hz

(2) 20Hz

(3) 40Hz

(1) only

(2) only

(3) only

W, @2 &3)

vow

< HKDSE 2016 Paper IA - 15>

The above figure shows a snapshot of a transverse wave which travels along a string. Which statement is correct ?
The wave is travelling to the left if particle P is moving upwards at this instant.

Particles P and R are moving in the same direction at this instant.

Particle O is at rest at this instant.

Particle R vibrates with an amplitude larger than that of particle Q.

vowp

<HKDSE 2017 Paper IA - 14 >

Figure (a) shows the equilibrium positions of particles £ to N in a medium. At time #=0, a longitudinal wave starts travelling
from left to right. At time 7=1 s, the positions of the particles are shown in Figure (b).

E F G H I J K L M N

Figure (a) equilibrium positions

Figure (b) time=1s

direction of travel

Which of the following statements MUST BE correct ?

The distance between particles F and N is equal to the wavelength of the wave.
The period of the wave is 1 s.

Particle £ is always at rest.

Particle / is momentarily at restat 7= 1s.

vaw»
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47.

<HKDSE 2018 Paper IA - 15 >

The figure below shows the displacement-time graph of particles P and Q on the same transverse travelling wave of
wavelength A,

displacement
[ P
64
N ZIATY
0 7 yi 3 »{ time / s
\AVAW A EANAY,
AN

Which of the following statements MUST BE correct ? Upward displacement is taken to be positive.
(1) Attime ¢=2s, P is momentarily at rest.
(2) Attime=4s, Q is moving downwards.
(3) The separation between the equilibrium positions of P and Q is 0.25 1.

A, (2) only
B. (3)only
C. (1) &(2) only
D. (1) & (3) only

8. <HKDSE 2019 Paper IA-1 >




49. <HKDSE 2020 Paper IA-11>

H T s RM N
4 IBEREEARRARSANEENY!
Figure (1) |4 : \ xbdsiadiatnsé
1 B A3t _x BEL =2 :
o ba-baed Sl i
: S
Figure (2} : y :
! i dikac CR
v ! lm il 'ct{rin nff!’!!ﬁ 1 0 S
Figure {1y shows the equilibrium positions of particles  to kin & medium. The particles are separsted
by 2 cm from each other. A longitudinal wave of frequency 5 Hz is travelling from Jeft to right. Ats
certain instant, the positions of the particles are shown in Figure (2}, Determine the amplitude and
speed of the wave,
smplitude speed
A 3.6cm 46 oms™
B. 3.6em goems™
<. 24com 4poms”
D. 2.4 cm 80 ems™

50. <HKDSE 2020 Paper IA-12>

‘The figure shows part of the displacement-distance graph of a travelling wave of period T'at time r g

P is a particle on the wave,

displacement o

G——at =0

0 7 distance

Which graph below cosrectly shows the variation of the particle’s kinetic energy £ within a periog

starting from =0 ?
A B.
E4 £4
0 /\'ﬁ: —>
T ¢ g 2 4
c
p D. &
0 / > .
ri 0 %
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HKEAA's Marking Scheme is prepared for the markers' reference. It should not be regarded as a set of model answers.

Students and teachers who are not involved in the marking process are advised to interpret the Marking Scheme with care.

M.C. Answers
1. D 11. D 21. C 31. A 4. B
2, € 12. B 22. C 32. A 42, A
3. C 13. B 23, G 33, A 43. A
4, A 14. D 24. C 34. D 44. A
5. IC 15. A 25. A 35. A 45. B
6. D 16. D 26. B 36. B 46. A
7. D 17. C 27. B 37. B 47. C
8. D 18. A 28. C 38. C 48. C
9. C 19. B 29. C 39. A 49. D
10. C 20, B 30. B 40. B 50. C
M.C. Solution
1 D

x 3] P is at the crest position, thus it must be momentarily at rest.

v (2) Draw the dotted line representing the wave at a later instant, 0 is moving upwards

v 3) R is at the trough position, thus it must be momentarily at rest.
2. C

In 0.025 s, the waveform propagates by 4 of its wavelength.

. Period = 0.025x4 = 0.1s

direction of wave motion

DSE Physics - Section C : M.C. Solution PC-WA1-MS/02
WAL : Wave Propagation
A
Va= L] = L =0.2s
f 5
. After 0.1 s which is 1 7, the wave should propagate by 1A
(1) P and @ are two particles in phase with minimum separation = PQ=>
v ) P is in maximumi displacement = PR = amplitude
x 3) Particle P vibrates vertically about its equilibrium position, thus P will move to position R.
D
P
e\ //
R
x (¢)) 2 s at its maximum displacement and is momentarily at rest
v (#)) O is moving upwards as shown by the above diagram
v 3) R is at the instant of maximum displacement and is momentarily at rest
D
—

oA LA

4 ' ‘\ 2o ‘\

R e

; A

After a quarter of a period, the wave would travel towards the right a distance of a quarter of wavelength.

D
From the graph, 7=0.2s.

1 1
=2t s
S 7 Hz

C
From figure (a), A =x.
From figure (b), 7= y.

X

v=fi=

Nl
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10. C 16. D
f= 4oz After a quarter of a period, the waveform should propagate -j; wavelength towards the right.
2 .
Thus the crest initially at 5 cm should move to the point at 10 em.
A=10cm =01lm
= = = -1
v = fA=(2(01) = 02ms 1. e
Wavelength: A = 2cmx 8 = 16 cm
11. D ] .
<« . As the wave travels 2 cm, i.e. %7» in 0.05 s which is -,]i- T, thus period T = 0.05sx 8 = 0.40s
AN o1 1
S TP N\R Frequency : f = = G =25Hz
‘\ ,’ ‘\ ,' o
) ’ Y ’
\“ "l “ Q Il’
R PN 18. A
v A. P moves upward => the wave is travelling to the left v €Y} Amplitude is the maximum displacement, thus 4 = 3 x2¢m = 6 cm
v ; 5@ 5 .
B. All particles in same wave must have the same frequency @ Wavelength is the minimum distance to repeat itself, thus % = 4 x 2 cm = 8 cm
C. Q is moving downwards at the instant shown * @ Since at£=02 s, the wave has propagated § 4, thus 025 = 3T - T=10267s
-1 1
* D. R is moving downwards as shown by the above diagram Frequency f = F = 0—2?7- =375Hz # 5Hz
2n B 19. B
* (€3] The time taken for the wave to make one complete vibration is the period. d 3x2
v=21="2=30cms! = 03ms"!
x 2) The distance travelled by the wave in one second is the speed. t 0.2
v 3) The number of waves produced in one second is the frequency.
20. B
2 By v=/2 oV = (2)(100) = 200 ms™!
13. B R
,/’VC\\S ,/m By d=v¢ <o (1500 x 10%) = (200) ¢ “ = 75005 ~ 2 hours
P 21. C
As shown in the above diagram, particles P, and R are momentarily at rest at £ =0 A C D EE G R ,
Fi J T ) ey
while Q is moving upwards and § is moving downwards. igure () equilibrium position
Since the Displacement - time graph shows that the motion of cork is moving upwards at ¢ = 0 . Q is the answer.
4. D Figure (b) | : £=0
Time taken should be found by ¢ = d/v. -t direction (I)fpropagati.o.nl
=f\. i
However, v = f ) displacement displacement of particle J
As A is unknown, v cannot be determined, so time taken to travel 100 m cannot be determined.
I T pala
15. A \’M"‘ position 0 — > time
v (€8] The distance that the wave repeats itself in 1 cycle is 20 cm. This is the wavelength.
v @) By v=f LA - (1.2) =f(020) .. f=6Hz Since the particle / is initfally at the equilibrium position.
x ©) The amplitude should be 3 cm from the graph. ‘Ata later time, it would move towards the left, i.e. it would have a negative displacement.
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22.

23.

24.

25.

(6]

In Figure (b), particle a is at the centre of compression, thus it must be at the equilibrium position.
After half a period, particle a should perform half a cycle,

thus it must be still at the same equilibrium position but it then becomes at the centre of rarefaction.

The graph in option C shows that particle a is at the rarefaction and at the same position, thus it is the answer.

displacement

rightward
- > p position

leftward

Particle b and j are at the centre of compression and particle fis at the centre of rarefaction.

They ate at the equilibrium positions.

After a small time interval, the wave travels towards the right and is represented by the dotted line.
Particle b and together with particle ¢ nearby are moving towards the right.

Particle fis moving towards the left.

direction of travel
————

equilibrium position

The wave would travel towards the left after 7= 1 s as shown by the dotted line.
1t shows that particle P is at the equilibrium position and is moving downwards at £ =1s.

Thus, option C shows the correct y ~ ¢ graph for particle P. Note that positionof Patt=1s.

E F— G H I J K L M N

time = 4

i =
-
direction of travel

From the graph, E and M are at the centre of rarefaction and [ is at the centre of compression.

Centre of rarefaction and centre of compression must be at the equilibrium positions and are moving at greatest speed.

For a particle to be momentarily at rest, it must be at the extreme point,
and its position should be at the middle of the compression and rarefaction.

From the graph shown, particle X is at the leftmost position and must be momentarily at rest at £1.

DSE Physics - Section C : M.C. Solution
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26.

27.

28.

29.

30.

31.

B
Wavelength: A = 8cm

By v=/A o~ @=/8 . f=025Hz
Period: T= L = 1 =45
7 025
B
Displacement / cm
g
\\\ P ;'l \‘\ ,1" \\\
0 o ya S — AN — x/cm
4M’ lMG’ 26\/4’

The wave is moving towards the right, thus particle P is moving downwards.
To reach the position of @, that is the crest, particle P has to move through % cycle. Thus, the time taken is % T

L t= % x4 =73g

e

e
Particle J is at the position of rarefaction, thus it must be at the equilibrium position.

At equilibrium point, it must move with the maximum speed, not at rest. Thus option C is incorrect.

C
Take the rightward direction as (+) :

Particle 1 is moving towards the negative direction, thus it is moving to the left.

Particle 7 is moving towards the positive direction, thus it is moving to the right

B

Period: T' = 0.70-0.20 = 055

. 1 1

Lo f = — = e = 2H
S=r st

A

From Figure (a), particles separated by 0.6 m are in the sare phase, thus the wavelength : A, = 0.6 m
From Figure (b), a particle takes 2 ms to complete a cycle

T=2x103s

1 it

=— =" __ =50
f = 500 Hz

v =fA = (0.6) (500) = 300m s~

PC-WA1-MS/06
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32.

33.

34.

l 35,

36.

A
Take the rightward direction as (+) :

Particle 4 is moving towards the positive direction, thus it is moving to the right,

Particle B is moving towards the negative direction, thus it is moving to the left.

A
<
B
I"— \ ‘\ C
% D,/

v )] Particle D moves downward = the wave moves to the left
% 2) A moves upward before going downward but B moves downward only

= A : takes a longer path to reach the equilibrium position
d 3) C and D both move downward.
D
v m P is a centre of compression

since the particles at the left hand side of P have positive displacement, i.e. moves to the right

while the particles at the right hand side of P moves to the left.
v 2) P : at equilibrium position => maximum KE
v 3) P : has (+) displacement later = moving to the right
A

At the instant shown, particle P is momentarily at rest, particle O and R are moving downwards.

Time for P to reach the equilibrium point = % T
Time for O to reach the equilibrium point > {- i

Time for R to reach the equilibrium point < + T

B

v (63 At this instant, P is moving downwards. o
As it takes 0.3 s for P to reach the crest position that performs % cycle, the period is 0.4 s.
Wavelength of the wave is 4 cm. Speed = A/T = (4)/(0.4)=10 cms =

L 2) Att=0.5 s, Q should reach its trough position.

The separation of P and  is two wavelengths, thus their motions are in phase.

37.

38.

39.

40.

B
Wavelength: A = 2cmx 8 = 16cm

As the wave travels 2 om, i.e. § A in 0.05 s whichis £ T,

Period 7 = 0.05sx 8 = 0.40 s

Frequency : /= l:# = 2.5Hz
T 040
OR
As the wave travels 2 cm in 0.05 s, speed : v = d. 2 -4 cms™!
t 0.05
By v=fA4 = (40) = £ (16) . f=25Hz
C
x A. As P is at the crest, it must be momentarily at rest.
x B. As @ is at the equilibrium position, it must have the maximum speed and must be moving,
v C. As R is at the extreme position, its acceleration is the maximum.
* D. As the separation between P and Q are not » J, they cannot be in phase.
A
1 2 3 4 5 6 7 8 9 10 11 12 13
rightwards :’N:\\\:L\ E E E m~ i E
ETR I I SN 7 S I B I AN
. L] * L] . * L] L] L] L] L] L ] L]
1 2 3 4 by 6 7 8 9 10 11 12 13

Draw the displacement - position graph as shown in the above figure.
Note that particles 3 and 11 are at the compression and particle 7 is at the rarefaction.

v (03] The separation between two compressions is 1 wavelength. . A = 8x2 = 16 cm

x 2 After a short time, the wave would move rightwards to the dotted position.
Thus, particle 8 is moving lefiwards and particle 10 is moving rightwards.
They are moving in opposite directions.
x 3) Particle 3 is at the equilibrium position, it must have the maximum speed, but not at rest.
B
* A. For a travelling wave, particles may be momentarily at rest. There is no particle that is always at rest.
v B. In Figure (a), particles a and / are both at the compression, thus they are in phase.
x C. The separation between a and 7 is one wavelength, which is 32 cm.
* D. Particle a is at the compression in Figure (a) and at the rarefaction in Figure (b),

that is, particle a has moved through half cycle of the oscillation, thus the time taken is half period.

L AT =01s . T=02s . f=1/T=1/02=5Hz

PC-WA1-MS/08
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41, B
From the graph, wavelength : 4 = 30 -6 = 24 cm
In 1.5 s, patticle P performs % cycle, thus it takes a time of % T, where T'is the period. P
L 3T=15 . T=2s
i kgl =
Frequency: /= — = — = 0.5Hz
T 2
Speed: v = f4 = (0.5) (24) = 12 cm s
42. A
From Figure (2), particles b and / are at the centres of compression.
Separation between them is the wavelength.
s A= 8x5 = 40cm
Byv=r~ - (80) = f(40) s f=2Hz
From Figure (2), as particle b is at the compression and particle fis at the rarefaction, they are at equilibrium positions.
Particle d should then be at the extreme position.
Displacement of particle d is the amplitude.
. Amplitade = 6 cm
43. A
After a while, the wave would shift to the left shown as the dotted curve.
v 1) Particle P is moving upwards.
x ) Particles Q and § should move in the same direction.
x 3) Particle R is not momentarily at rest, but moving downwards.
44, A

In Figure (a), particle e is at the centre of compression.

v (1) I f=10Hzthen T= L= L - 01s Afteratimeof0.05s: 1= 0057 = 17,
f 10 il
particle e should travel  cycle to the position of the centre of rarefaction as shown in Figure (b).
Thus, f = 10 Hz is possible.
x @) If f = 20Hz, then T'= 1 -1 —005s. Afteratimeof0.05s: t=1T,
7 20
particle e should travel 1 cycle to the position of the centre of compression,
but not the rarefaction as shown in Figure (b). Thus, /= 20 Hz is impossible.
. @

If f = 40 Hz, then T= 1= 1 = 0.025s. Afteratimeof0.05s: ¢t =2T,
F o4

particle ¢ should travel 2 cycles to the position of the centre of compression,

but not the rarefaction as shown in Figure (b). Thus, f = 40 Hz is impossible.
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46.

47.

o
@
(©)

If particle P is moving upwards, the wave should be travelling to the right.

If the wave is moving to the right, then both P and R are moving upwards,
If the wave is moving to the left, then both P and R are moving downwards.
Thus, they must be moving in the same direction at this instant.

Particle Q is at the equilibrium position that has the greatest speed, it must be moving.

Particle R and @ should be moving with the same amplitude since it is a travelling wave.

From Figure (b), both E and M are at the centre of rarefaction,
thus distance between E and M is one wavelength.
Therefore, distance between the next particles, F and N, is also one wavelength.

There is no information concerning the period or frequency of the wave.
In a travelling wave, there is no particle that is always at rest.

Particle J is at the centre of compression, it is moving towards the right at this instant.

Att=2s, Pis at the position of trough, thus it must be momentarily at rest,
At£=4s,  is at equilibrium positon and later at a lower position, thus it must be moving downwards.

P and Q are neither in phase nor anti-phase, there is no phase relation concerning their separation.
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Part A : HKCE examination questions

1. <HKCE 1981 PaperI-6>

Ditidiign ot
wavc matidn
. 9 ldrin } g
&
i
i

A transverse wave is travelling steadily from left to right through a series of particles. At a certain instant the wave form is as
shown in the above figure. Each of the vibrating particles is observed to perform four complete oscillations in 16 s.

(2) Find the following quantities : (4 marks)

(i) the amplitude of the wave,

(ii) the wavelength,

(iii) the period,

(iv) the frequency.

(b) At the instant shown, which of the particles 2, O, R, 5, T is/are (5 marks)

(i) moving upwards,

(ii) moving downwards,

(iii) momentarily at rest 7

(c) What will be the position of particle Q a quarter of a period later ? (2 marks)

<HKCE 1990 Paper I-5>

A vertical vibrator generates waves on a string. It takes 0.25 s to produce a complete wave of wavelength 0.8 m on the string.

(2) Find the frequency and speed of the waves on the string. (3 marks)

(b) How long does it take for the wave to propagate a distance of 2 m ? (2 marks)

(¢) The figure below shows the shape of the string at the instant when the vibrator has made one complete vibration,

——> Direction of wave motion

Direction
of
Vibration

(i) At the instant shown, which of the particles 4, B, C, D is/are
(1) moving downwards,

(2) atrest? (2 marks)

(if) Sketch the shape of the string after 0.125 s. In your figure show the positions of the particles 4, B, Cand D.
(4 marks)

A A A A

-
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3.

<HKCE 1998 Paper I- 7>

| 3

¥
A. . [ A

o
',
o
G-
2
"

Figure 1

1
¥4
§)
!

!

I
¥

N

Figure 2

Sioig
ERESES

H 1
1 )\
v i
i i
0 |

:";'ﬁ;r

A longitudinal wave is travelling from left to right in a medium. Figure 1 shows the equilibrium positions of some particles A
to K in the medium. Figure 2 shows the positions of the particles at a certain time t when the wave is passing through them.

(a) What is meant by a longitudinal wave ? Give an example of a longitudinal wave. (2 marks)
(b) Point out a particle in Figure 2 which is

(i) at the centre of a compression,

(ii) at the centre of a rarefaction. (2 marks)

(¢) The table below shows the displacements of particles 4 and B at time £, (Note : Displacement to the right is taken to be

positive.)
(i) Using Figures 1 and 2, find the displacements of the other particles and complete the Table below. (2 marks)
Particle 4 B c D E F G H I J 1 4
Displacement /cm | 0 -6

(i) In the figure below, draw a graph showing the displacements of the particles along the wave at time 2. * (2 marks)

£ Displ: t/cm

P

-5
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3. (c) (iii) Find the amplitude and wavelength of the wave. (2 marks)
(iv) If each particle takes 0.25 s to complete one oscillation, find the speed of the wave. (2 marks)
4. <HKCE 2002 Paper I-4>
Equilibrium position

fe 03m |

1

A wave is generated on a string. The figure above shows the sha i in i is i
& 1 pe of the string at a certain instant. At this instant
particles P and Q are moving downwards. ¢ st both

(a) State the type of wave generated on the above string.

(1 marky
(b) What is the direction of travel of the above wave ? (1 mark)
(c) Atthe instant shown, which particle (P or Q) has a greater speed ? Explain briefly. (2 marks)
(d) Find the wavelength of the wave. (1 mark)
() Describe the motions of particles P and Q at a quarter of a period later. (2 marks)
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|
HKBAA's Marking Scheme is prepared for the markers' reference. It should not be regarded as a set of model answers.
Students and teachers who are not involved in the marking process are advised to interpret the Marking Scheme with care. 3. (o) () 2
|
3 . Particl C
Question Solution - ) o B R R R
Displacement/cm | -8 -6 0 6 8 6 0 -6 -8
1. (@ () 4A=2cm [1]
(i) A =8cm 53] (ii) _
i dnk [ e |
i) T = 45 i * :
Vs
Gv) f = 0.25Hz [1] ¥
5
®) () RS [21
) p,T 21
i) 1] : 3
i
By g
(c) Qisat2 cm below its present position [2]
b
i -5
i g X
2. (2) Frequency = 4Hz [1] 3
Spoed =4 = 98 354t OR v=/Ai=4%x08 =32ms? 2] X
! 0.25 10 {
(b) By d=vt [1] I < Correct points > 1]
L) = (32 Lot = 06255 [1] | < Correct curve > 1]
© @ O 4 m - (ii}) Amplitude = 8 cm 1]
(2) BendD 111 ': Wavelength = 80 cm 1]
|
(i) ! (iv) speed = f4 [
< For wave form > 21 | 1
' = —— = -1
< 0.5 mark for each particle > [2] : 0% 08 =32ms i
4. (a) ltis atransverse wave 0
3. (a) A longitudinal wave is a wave in which the vibrations are parallel to the direction of travel of the wave. [1] (b) The direction is towards the left. 1]
|
Example : (Any ONE of the following) ' (1] | (c) Particle P has a greater speed, [
*  Sound waves ' | since it is at the equilibrium position. [1]
|
* Ulirasonic waves | 03
d) Wavel = S
* Waves generated in a slinky spring : (@) Waclonpt 1.5 02:m (1]
(b) () Particled (OR I) is ata centre of compression. 1 | () Particle P is momentarily at rest. i
(i) Particle E is at a centre of rarefaction. [1] Particle O is moving downwards. [1]






