HKAL Extra Exercise : Part 3 Waves

Chapter 9 Wave Phenomena
9.1
Progressive Waves

Analytical Description of Progressive Waves
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Figure (a)

Figure (b)

Direction of sound wave

11

Figure (a)
shows the positions of equally spaced molecules in a solid lattice. A longitudinal sound wave travels from right to left through the solid. At a certain instant, the displaced positions of the molecules are shown in Figure (b). Immediately afterwards, what will be the directions of motion of particle 4 and particle 10 ?




Particle 4

Particle 10




A.
at rest

at rest




B.
to the right
to the right




C.
to the right
to the left




D.
to the left

to the left

2.
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The figure shows a sound wave travelling to the left in air. Air particles A and B are at the centre of a rarefaction and a compression respectively. Which of the following gives correctly the directions of motion of A and B at the moment shown ?





Particle A

Particle B


A.
to the right
to the left




B.
to the right
to the right



C.
to the left

to the right


D.
at rest

at rest

Displacement-position graph (y-x)

3.
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The above figure shows a transverse wave propagating to the left along a string. At the moment shown, which of the labeled particles has its velocity and acceleration in opposite directions ?




A.
P


B.
Q


C.
R


D.
S
4.
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The above figure shows a transverse wave propagating along a string. At the instant shown, the particle A on the string is moving downward. Which of the following deduction is/are correct ?

(1)
Particles A and B are moving in opposite directions at the instant shown.

(2)
The wave is propagating to the left.

(3)
Particle B takes longer than particle A to return for the first time to the respective equilibrium positions along the dotted line.


A.
(1) only

B.
(1) and (2) only


C.
(2) and (3) only


D.
(1), (2) and (3)

5.
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The above figure shows an instantaneous wave profile representing a sound wave travelling to the right in air. Which of the following about the part of the wave at P at this instant is/are correct ? (Take the displacement towards right as positive.)

(1)
The air particle at P has the least potential energy.

(2)
The air particle at P is instantaneously at rest.


(3)
P is a centre of rarefaction.


A.
(1) only

B.
(2) only



C.
(1) and (2) only



D.
(2) and (3) only

6.
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Two trains of travelling waves W1 and W2, of the same amplitude, wavelength and speed move in opposite directions. The period of both of the waves is T and their amplitude is A. At time t = t1, the waves W1 and W2 are as shown in the figure above. Which of the following statements is/are correct ?

(1)
The wavelength of the waves is four times the distance MN.

(2)
At time t = t1 + T/4, the displacement at point N is 2A.


(3)
Point M is a displacement antinode.


A.
(1) only

B.
(3) only


C.
(1) and (2) only


D.
(2) and (3) only

Displacement-time graph
7.
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A displacement-time graph of a particle in a plane progressive wave is shown above. What is the frequency of this wave ?




A.
2.5 Hz

B.
1.67 Hz




C.
0.83 Hz


D.
0.63 Hz

8.
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Figure (a)


    Figure (b)

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



A.
200 m s-1.

B.
100 m s-1.



C.
0.1 m s-1.

D.
0.05 m s-1.

9.2
Phase Relationship

9.
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A loudspeaker at O produces a progressive sound wave of frequency 990 Hz which propagates along OA with a speed of 330 m/s. The phase difference between the air vibrations at P and Q, 1.0 m apart, is



A.
zero.


B.
3.0 radians.

C.
2π/3 radians.


D.
6π radians.

Phase difference from a y-x graph

10.
The least separation between two points with a phase difference of 
[image: image11.wmf]3

p

 on a progressive wave is 0.05 m. If the velocity of the wave is 180 m s-1, the frequency of the wave is


A.
150 Hz.


B.
300 Hz.


C.
600 Hz.


D.
1 200 Hz.

11.
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Two waveforms X and Y are displaced on a C.R.O. screen. Which of the following statements is correct ?




A.
Y leads X by a phase difference of π/2.




B.
Y leads X by a phase difference of π/4.



C.
X leads Y by a phase difference of π/2.




D.
X leads Y by a phase difference of π.

Phase difference from y-t graphs
12.
The displacement-time graphs of two oscillating particles P and Q are shown below.
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Which of the following phase relations between P and Q is correct ?




A.
P leads Q by 
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.


B.
Q leads P by 
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p

.



C.
P leads Q by 
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D.
Q leads P by 
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p
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9.3
Wave Speed

Speed of transverse wave in a string

13.
A rubber band is of unstretched length l and force constant k. When it is stretched to a length 3 l, the speed of transverse waves on it is v. What will be the speed of transverse waves when it is stretched to a length 4 l?




A.

[image: image18.wmf]2

v

B.
3v/4


C.
2v


D.
3v
9.4
Water Waves

Stroboscope

14c.
A stroboscope is used to freeze a wave pattern. When the frequency of the wave is slightly increased, the wave pattern appears to



A.
remain stationary.

B.
move forward.



C.
move backward.



D.
move backward and then forward.

15.
A rotating disc, with a small hole near its edge is illuminated by a lamp which flashes at a rate of 80 times per second. The hole is observed to be moving backwards slowly relative to the actual direction of rotation of the disc. The disc is probably rotating at



A.
80 revolutions per second.




B.
82 revolutions per second.




C.
158 revolutions per second.




D.
162 revolutions per second.

16.



[image: image19.wmf]

A disc with a spot on it rotates at a constant speed in a darkened room. A students shines a stroboscopic lamp on it. When the flashing rate is 4 flashes per second, the disc appears stationary with two spots on it as shown. When the flashing rate is reduced to 8 flashes per second, the disc would appear to be stationary with



A.
no spot.

B.
one spot.




C.
two spots.
D.
four spots.
Speed of water wave

17.


[image: image20.wmf]1 cm



A dot vibrator is moving across the surface of water in a ripple tank with a steady speed as shown. The figure represents the water surface showing the pattern of the water waves against a background of centimetre squares. The speed of the dot vibrator is 20 cm s-1. What is the speed of the water waves?




A.
30 cm s-1

B.
60 cm s-1



C.
90 cm s-1

D.
120 cm s-1
18.



[image: image21.wmf]60

O



A boat travels in shallow water, in which waves of all wavelengths travel at a speed of 2.0 m/s. What is the speed of the boat if the bow wave generated by the boat has an apex angle of 60∘?



A.
1.0 m/s

B.
1.7 m/s




C.
2.3 m/s

D.
4.0 m/s
9.5
General Wave Properties

Huygen’s principle

Refraction

19.
When monochromatice light travels from air to glass, the emergent light, relative to the incident light, shows an decrease in


(1)
frequency.

(2)
period.


(3)
velocity.


A.
(1) only



B.
(3) only


C.
(1) and (2) only


D.
(2) and (3) only

20.
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The figure shows wave crests moving in the direction of the arrow towards the interface PQ between a deep region and a shallow region as shown in the figure above. Which of the lines shown may represent one of the wave crests in the shallow region?



A.
I


B.
II




C.
III


D.
IV
21.
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A wave is incident on a boundary between two media X and Y at an angle of incidence i. AB represents the incident wavefront and CD the refracted wavefront. Which of the following statements is/are correct ?

(1)
When angle i increases, it is possible for the wavefront to be totally reflected at the boundary.


(2)
The frequency of the wave changes when passing from X to Y.

(3)
The end A of the wavefront travels to C at the same time as the end B travels to D.



A.
(1) only

B.
(3) only

C.
(1) and (2) only
D.
(2) and (3) only

Total Internal Reflection

22c.
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When a beam of light travels from a medium X to another medium Y, the variation in intensity of the refracted beam when angle θ varies from 0∘to 90∘is as shown. What is the ratio 
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 ?



A.
1 : 1.03

B.
1 : 1.07

C.
1.03 : 1

D.
1.07 : 1
Diffraction

23.
In the diffraction of light round an obstacle, the angle of diffraction is decreased when




A.
the amplitude of the incident light wave is increased.



B.
the wavelength of the incident light wave is increased.




C.
the wavelength of the incident light wave is decreased.




D.
the width of the obstacle is decreased.

24.
Which of the following statement(s) about wave motion is/are correct?


(1)
Refraction prevents the formation of shadows with perfectly sharp edges.


(2)
Diffraction cannot be exhibited by transverse waves.


(3)
Reflection is sometimes accompanied by a phase change of π radians.


A.
(1) only

B.
(3) only
C.
(1) and (2) only
D.
(2) and (3) only

Interference(Principle of superposition)

25.
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Two transverse pulse travel towards each other along a stretched string as shown. They are identical and symmetric in shape. At the moment the pulses pass each other the string becomes straight. At this moment the wave energy




A.
becomes momentarily zero.




B.
becomes wholly elastic potential in the string.




C.
becomes wholly kinetic due to transverse motion of the string.

D.
converts into internal energy and is dissipated as heat energy in the string.

26.
In which of the following cases can the principle of superposition be applied to two overlapping waves of the same nature ?




A.
Only when the two waves travel in the same direction.



B.
Only when the two waves have the same frequency.




C.
Only when the two waves have the same velocity.




D.
It can be applied in all cases

Intensity

27.
The intensity of a sound wave is proportional to the square of the amplitude of the wave. If two waves of the same frequency are superimposed in phase, the total intensity is proportional to




A.
the square of the mean value of the two amplitudes.




B.
the square of the sum of the two amplitudes.




C.
the square of the difference of the two amplitudes.



D.
the square of the difference of the intensities of the two waves.

Reflection and Phase Change

28.
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A wave pulse is moving with uniform speed along a rope attached to light string. A graph of the vertical displacement s against time t for a point P on the rope would be :


A.


   B.



C.


   D.
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29.



[image: image33.wmf]

The figure shows two pulses travelling to the right along a rope. The right-hand end of the rope is fixed to a wall. The following figures represent predicted positions of the pulses at later times (where appropriate, the arrows indicate the direction of a pulse). Which of the following could NOT arise from the initial given condition?


(1)
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(2)



[image: image35.wmf]

(3)





[image: image36.wmf]

A.
(1) only

B.
(3) only


C.
(1) and (2) only


D.
(2) and (3) only

30.
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Three identical long spiral springs are connected respectively to a wall, a light thread and a heavy spring. If a crest-shaped pulse is sent along each spiral spring towards the respective boundary, which of the following diagrams correctly show(s) the reflected pulse ? (Transmitted pulse is not shown.)


(1)




[image: image38.wmf]wall



(2)




[image: image39.wmf]heavy

spring


(3)
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A.
(1) only

B.
(3) only



C.
(1) and (2) only



D.
(2) and (3) only

9.6
Stationary Waves

31.
Two dippers S1 and S2 0.9 cm apart are attached to a vibrator. They vibrate in phase in a ripple tank and generate waves of wavelength 0.6 cm.
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Which of the following statements is/are correct ?


(1)
S1 and S2 are positions of nodes.


(2)
The separation between two nearest antinodes between S1 and S2 is 0.45 cm.


(3)
There are two points between S1 and S2 which is always stationary.



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

Stationary Waves in a String
32.
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Stationary wave patterns can be produced on an elastic string using the experimental set-up shown above by adjusting the frequency f of the vibrator. Which of the following statements concerning the experiment is/are correct ?

(1)
When the frequency f increases, the number of loops for the stationary wave pattern to be observed also increases.

(2)
Stationary wave patterns can be observed for one value of the frequency f.

(3)
For a stationary wave pattern to occur, the length of the string must be equal to an integral number of wavelengths.

A.
(1) only

B.
(3) only

C.
(1) and (2) only

D.
(2) and (3) only

33
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In the above experimental set-up, different stationary wave patterns are produced on an elastic string by adjusting the frequency f of the vibrator. Which of the following statements is/are correct ?

(1)
When f increases, the number of nodes increases.

(2)
When f increases, the wavelength of the waves on the string increases.

(3)
The waves produced in air by the string has the same speed as the waves on the string.



A.
(1) only



B.
(3) only



C.
(1) and (2) only



D.
(2) and (3) only

34.
A uniform wire is clamped at both ends which are 1.1 m apart. The tension in the wire is 80 N and the area of its cross-section is 2.5 × 10-7 m2. When the wire is plucked to produce transverse vibrations, the frequency of the fundamental note obtained is 200 Hz. The density of the wire is



A.
1 200 kg m-3.




B.
1 700 kg m-3.




C.
3 300 kg m-3.




D.
6 600 kg m-3.

35.
A stretched string is 2 m long and is fixed at both ends. Stationary waves of 250 Hz and 400 Hz but no other intermediate frequency can be formed. What is the speed of the mechanical waves along the string ?




A.
75 m s-1




B.
150 m s-1



C.
300 m s-1



D.
600 m s-1
9.7
Beats

Formation of beats

36.
Two signal generators are connected to display the deformation of beats on a C.R.O. screen. For one particular setting of the two signal generators, the following pattern is observed on the C.R.O.:



[image: image44.wmf]2.0 cm



If the C.R.O. time base is set at 0.1 ms/cm, the beat frequency is



A.
100 Hz

B.
250 Hz.




C.
500 Hz

D.
5 000Hz.

37.
When two notes of nearly equal frequencies f1 and f2, with f2 > f1, are sounded together, beats are heard. Beats are periodic variations in



A.
loudness, with beat frequency 


(f2 – f1).


B.
intensity, with beat frequency (f2 - f1).


C.
intensity, with beat frequency 


(f2 + f1).


D.
pitch, with beat frequency (f2 – f1).

38.
In the tuning of a violin string, a pitch pipe of frequency 374 Hz was blown at the same time as the string was plucked and 9 beats were heard every 2 seconds. Then the violin string was slightly loosened with a fine-adjustment screw. When the pitch pipe and the string were sounded together again no beats were heard. The initial frequency of the note produced by the string before any adjustment was made must have been



A.
365.0 Hz.

B.
369.5 Hz.




C.
378.5 Hz.

D.
383.0 Hz.

39c.
Two stretched wires are tuned to vibrate transversely at the same frequency of 800 Hz. When the tension in one of the wires is increased by 2%, beats are heard as both wires vibrate. The beat frequency is



A.
2 Hz.

B.
4 Hz.




C.
8 Hz.

D.
16 Hz.

40c.
Three tuning forks X, Y and Z are of slightly different frequencies. If X and Y are sounded together, 1 beat per second are heard while X and Z sounded together give 4 beats per second. Which of the following is/are correct deduction(s) ?

(1)
The frequency of Z is lower than that of Y.

(2)
If X has the highest frequency, then the frequency of Y must be the lowest.

(3)
3 beats per second are heard when Y and Z are sounded together.



A.
(1) only

B.
(2) only



C.
(1) and (2) only



D.
(2) and (3) only

KEY :
1 – 10 : CACDB, CCBDC,
11 – 20 : DCABC, DBCBA,
21 – 30 : BACBB, DBABA,



31 – 40 : DAABD, CACBB
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