HKAL Exercise : Part 3 Waves

Chapter 9 Wave Phenomena
9.1
Progressive Waves

Analytical Description 
1.
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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 left to right 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 left

to the right




D.
to the left

to the left

2.
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The figure shows a sound wave travelling to the right 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
at rest



C.
to the left

to the right



D.
at rest 

to the right
Displacement-position graph (y-x)

3.
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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)
P is a centre of rarefaction.

(2)
The air particle at P is moving towards right.

(3)
The air particle at P has the greatest potential energy.



A.
(1) only



B.
(3) only



C.
(1) and (2) only



D.
(2) and (3) only

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


(2)
Point N is a displacement node.


(3)
The wavelength of the waves is twice the distance MN.


A.
(1) only

B.
(2) only

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

(Essay 92:E3)

5.
Demonstrate the differences between


(a)
transverse wave propagation,


(b)
longitudinal wave propagation,

by drawing graphical plots showing the corresponding variations of the displacements of the medium particles with distance from the source for times t = 0, T/4, T/2 and 3T/4, where T is the wave period.













(8 marks)

9.2
Phase Relationship

6.
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A loudspeaker at O produces a progressive sound wave of frequency 165 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.
0.25 radians.




C.
π/2 radians.
D.
2π radians.

Phase difference from a y-x graph

7.
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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.
X leads Y by a phase difference of π/4.

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

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

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

Phase difference from y-t graphs
8.
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.
Q leads P by 
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B.
Q leads P by 
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C.
P leads Q by 
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D.
P leads Q by 
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9.
The least separation between two points with a phase difference of 
[image: image12.wmf]2

p

 on a progressive wave is 0.03 m. If the velocity of the wave is 120 m s-1, the frequency of the wave is



A.
250 Hz.

B.
500 Hz.




C.
1 000 Hz.

D.
2 000 Hz.
9.3
Wave Speed

Speed of transverse wave in a string

10.
A rubber band is of unstretched length l and force constant k. When it is stretched to a length 2 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 5 l?



A.
v


B.
2v



C.
4v


D.

[image: image13.wmf]10

v
(Structural question 01:L7)

11.
An earthquake propagates in the form of waves. The quake centre produces both longitudinal and transverse waves, which are known as P waves and S waves respectively. The two types of wave propagate at different speeds in the earth’s crust. Figure 11.1 shows distance-time graphs for these two waves.
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Figure 11.1

(a)
With reference to the vibrations of particles, state the difference between longitudinal and transverse waves.






 





(1 mark)


(b)
(i)
Find the speed of the P waves and of the S waves.


 


(2 marks)

(ii)
The speed of the P waves can be approximated by 
[image: image15.wmf]r

E

 where E and ρare respectively the Young modulus and the average density of the earth’s crust. Estimate E if ρ = 2.3 × 103 kg m-3.

 





(2 marks)

Three detecting stations A, B and C are located at the vertices of an equilateral triangle as shown in Figure 11.2. Their mutual separation is 300 km. Figure 11.3 shows the records (seismograph traces) of an earthquake recorded by these stations. Due to the difference in speeds, the P and S waves are detected at different times. Such a time difference is called the S-P interval. The S-P intervals are respectively 92 s, 138 s and 45 s for stations A, B and C.
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Figure 11.2





Figure 11.3

(c)
(i)
What evidence in the records shows that station C is closest to the quake centre ?










 





(1 mark)

(ii)
Use Figure 11.1 or otherwise to find the distances of stations A and B from the quake centre. Which position in Figure 7.2, X, Y or Z, is the approximate location of the quake centre ?



 








(3 marks)

(d)
The frequency of the quake waves is approximately 5 Hz. It is known that the natural frequencies of bridges F and G are respectively 3 Hz and 8 Hz. Explain why bridge G would collapse more easily in an earthquake.





 
(2 marks)

9.4
Water Waves

Stroboscope

12.
A stroboscope is used to freeze a wave pattern. When the flashing frequency of the stroboscope is slightly reduced, the wave pattern appears to



A.
move forward and then backward.



B.
move backward and then forward.


C.
move forward.



D.
move backward.

13.
A rotating disc, with a small hole near its edge is illuminated by a lamp which flashes at a rate of 100 times per second. The hole is observed to be moving forwards slowly relative to the actual direction of rotation of the disc. The disc is probably rotating at



A.
48 revolutions per second.




B.
52 revolutions per second.




C.
98 revolutions per second.




D.
102 revolutions per second.

14.



[image: image17.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 16 flashes per second, the disc appears stationary with four spots on it as shown. When the flashing rate is reduced to 2 flashes per second, the disc would appear to be stationary with



A.
no spot.




B.
one spot.




C.
two spots.




D.
sixteen spots.
Speed of water wave

15.


[image: image18.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 water waves is 15 cm s-1. What is the speed of the dot vibrator ?



A.
3 cm s-1

B.
5 cm s-1


C.
7.5 cm s-1

D.
10 cm s-1
16.



[image: image19.wmf]45
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A boat travels in shallow water, in which waves of all wavelengths travel at a speed of 3.0 m/s. What is the speed of the boat if the bow wave generated by the boat has an apex angle of 45∘?



A.
2.1 m/s




B.
3.0 m/s




C.
4.2 m/s




D.
6.0 m/s

(Essay 02:E2)

17.
Tidal energy is a renewable energy source.

(a)
Why is tidal energy classified as ‘renewable’ ? Describe the principles of a method of harnessing it.

(b)
Discuss the factors that need to be considered in harnessing tidal energy near the mouth of a river.




















(6 marks)

9.5
General Wave Properties (Huygen’s principle)

(Essay 94:E2)

18.

State Huygens’ principle. With the aid of diagrams, use the principle to explain



(a)
how the direction of propagation of a plane wave is related to the wavefront;



(b)
why plane waves refract as they pass from one medium to another.




















(7 marks)

Refraction

19.
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The figure shows wave crests moving in the direction of the arrow towards the interface PQ between a shallow region and a deep region as shown in the figure above. Which of the lines shown may represent one of the wave crests in the deep region?



A.
I




B.
II




C.
III




D.
IV

20.
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A wave is incident on a boundary between two media X and Y at an angle i. AB represents the incident wavefront and CD the refracted wavefront. Which of the following statements is/are correct ?

(1)
The wavelength of the wave changes when passing from X to Y.

(2)
When angle i decreases, it is possible for the wavefront to be totally reflected at the boundary.

(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.
(1) and (2) only


C.
(2) and (3) only


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

Total Internal Reflection

21.
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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 : 2

B.
2 : 1

C.

[image: image25.wmf]3

: 2

D.
2 :
[image: image26.wmf]3


Diffraction

22.
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 width of the obstacle is increased.



C.
the frequency of the incident light wave is increased.




D.
the frequncy of the incident light wave is decreased.

23.
Which of the following statement(s) about wave motion is/are correct?


(1)
Reflection cannot be exhibited by transverse waves.


(2)
Refraction is sometimes accompanied by a phase change of π radians.


(3)
Diffraction prevents the formation of shadows with perfectly sharp edges.


A.
(1) only

B.
(3) only

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

Interference(Principle of superposition)

24.



[image: image27.wmf]

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




A.
becomes partly elastic potential and partly kinetic in the string.

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.

25.
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 are coherent.



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



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




D.
It can be applied in all cases

Intensity

26.
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 mean value of the intensities of the two waves.




B.
the square of the difference of the two amplitudes.



C.
the square of the sum of the intensities of the two waves.




D.
the square of the sum of the two amplitudes.

Reflection and Phase Change

27.
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A wave pulse is moving with uniform speed along a rope attached to a fixed wall. A graph of the vertical displacement s against time t for a point P on the rope would be :


A.


   B.
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C.


   D.
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28.



[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)




[image: image34.wmf]

(2)





[image: image35.wmf]

(3)





[image: image36.wmf]

A.
(1) only



B.
(3) only


C.
(1) and (2) only


D.
(2) and (3) only

29.



[image: image37.wmf]incident
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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]light

thread


(3)




[image: image40.wmf]heavy

spring




A.
(1) only



B.
(3) only



C.
(1) and (2) only



D.
(2) and (3) only

9.6
Stationary Waves

Stationary Waves in a String
30.



[image: image41.wmf]vibrator



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)
Stationary wave patterns can be observed for more than one value of the frequency f.

(2)
For a stationary wave pattern to occur, the length of the string must be equal to an integral number of the wavelengths.

(3)
When the frequency f decreases, the number of loops for the stationary wave pattern to be observed also increases.


A.
(1) only



B.
(3) only


C.
(1) and (2) only


D.
(2) and (3) only

31.



[image: image42.wmf]vibrator
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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 wavelength of the waves on the string decreases.

 
(2)
When f decreases, the number of 


antinodes decreases.

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



A.
(1) only



B.
(3) only



C.
(1) and (2) only



D.
(2) and (3) only

32.
A uniform wire is clamped at both ends which are 0.8 m apart. The tension in the wire is 45 N and the area of its cross-section is 5.5 × 10-7 m2. When the wire is plucked to produce transverse vibrations, the frequency of the fundamental note obtained is 125 Hz. The density of the wire is



A.
2 000 kg m-3.




B.
2 900 kg m-3.




C.
4 000 kg m-3.




D.
8 000 kg m-3.

33.
A stretched string is 1 m long and is fixed at both ends. Stationary waves of 350 Hz and 400 Hz but no other intermediate frequency can be formed. What is the speed of the mechanical waves along the string ?




A.
200 m s-1




B.
100 m s-1



C.
50 m s-1



D.
25 m s-1
(Structural question 97:L3)

34.
Figure 34.1 shows a uniform wire which is held taut but unstretched between a fixed point and a smooth cylindrical peg of radius 1.5 cm. The force constant of the wire is 8.4 × 102 N m-1. The tension in the wire can be increased by rotating the peg about its fixed axis so that some wire is wound onto the peg.


[image: image43.wmf]wire

peg


Figure 34.1


(a)
When the peg is rotated through an angle of 2π, calculate



(i)
the tension in the wire.









 
(2 marks)



(ii)
the work done in rotating the peg.





 


(2 marks)

(b)
The about wire is part of a musical instrument. Two knife edges, A and B, are placed 0.42 m apart under the stretched wire as shown in Figure 34.2. The mass of the wire between A and B is 5.8 × 10-4 kg. (Assume that the presence of the two knife edges would not affect the tension in the wire.)


[image: image44.wmf]0.42 m
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Figure 34.2

(i)
Calculate the frequency of the fundamental note emitted when the wire between A and B is plucked.






 




(3 marks)

(ii)
State THREE difference between the waves in the wire and the fundamental note emitted.






 






(3 marks)

(iii)
Draw a diagram to show the vibration of the wire between A and B when it is vibrating at the second harmonic.



 




(1 marks)


[image: image45.wmf]A
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9.7
Beats

Formation of beats

35.
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: image46.wmf]4.0 cm



If the C.R.O. time base is set at 0.2 ms/cm, the beat frequency is



A.
250 Hz.




B.
625 Hz.




C.
1 250 Hz.




D.
2 500Hz.

36.
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 
[image: image47.wmf]2

1

(f2 – f1).
B.
loudness, with beat frequency (f2 – f1).
C.
intensity, with beat frequency 
[image: image48.wmf]2

1

(f2 - f1).
D.
pitch, with beat frequency 
[image: image49.wmf]2

1
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37.
In the tuning of a violin string, a pitch pipe of frequency 429 Hz was blown at the same time as the string was plucked and 3 beats were heard every 2 seconds. Then the violin string was slightly tightened 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.
426.0 Hz.




B.
427.5 Hz.




C.
430.5 Hz.




D.
432.0 Hz.

37.
Two stretched wires are tuned to vibrate transversely at the same frequency of 1 000 Hz. When the tension in one of the wires is reduced by 2%, beats are heard as both wires vibrate. The beat frequency is



A.
10 Hz.




B.
20 Hz.




C.
40 Hz.




D.
980 Hz.

38.
Three tuning forks X, Y and Z are of slightly different frequencies. If X and Y are sounded together, 3 beats per second are heard while X and Z sounded together give 2 beats per second. Which of the following is/are correct deduction(s) ?

(1)
1 beat per second are heard when Y and Z are sounded together.

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

(3)
The frequency of Z is higher than that of Y.



A.
(1) only



B.
(2) only



C.
(1) and (2) only



D.
(2) and (3) only
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6 – 10 : CDCCD,

11.
(a)
Longitudinal waves : the vibrations are parallel to the direction of wave propagation.
1



Transverse waves : the vibrations are perpendicular to the direction of wave

propagation.














  1


(b)
(i)
  vp
= 
[image: image51.wmf]75
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= 1.2 × 104 m s-1











1




  vs
= 7.5 × 103 m s-1











1 2



(ii)


 vp
= 
[image: image52.wmf]r
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= 
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  E
= 3.31 × 1011 N m-2








1 2


(c)
(i)
Smallest S-P interval, amplitude largest, earliest registered signal


1 1



(ii)
A : 210 km













1




B : 310 km













1




Position X













1 3


(d)
The natural frequency of bridge G is close to the (driving) frequency of the quake
1



waves. Therefore bridge G absorbs energy more efficiently and therefore develops



a larger amplitude of vibration (resonance).








1 2

12 – 16 : CDBD, C

17.
(a)
These energy sources cannot be exhausted.








1



Tidal energy can be harnessed by building a barrage (barrier) containing water


[image: image54.wmf]2

1




turbines and sluice gates, across the mouth of a river, large gates are opened

1



during the incoming (flood) tide, allowing the water to pass until high tide,



when they are closed. On the outgoing (ebb) tide, when a sufficient head of


[image: image55.wmf]2

1




water was built up, small gates are opened letting the potential energy of the

1



trapped water drive the turbines and generate electricity.





  4


(b)
-
The tidal range has to be considered together with the demand, both




domestic and industrial.



-
The initial and maintenance costs are great.



-
There are important environmental implications for nearby mudflats, water




supply, sewage disposal, shipping, fishing and wild life.



Any TWO of the above @ 1











  2

18.
Huygen’s principle states that each point on the existing


wavefront of a wave acts as a source of secondary wavelets.






[image: image56.wmf]2

1



The plane tangential to these wavelets is the new wavefront
.
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(a)
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[image: image59.wmf]2
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At several points on the initial wavefront, draw spheres of radius r = ct,



representing the distance traveled by the secondary wavelets in time t


(c = velocity of wave).













[image: image60.wmf]2

1




The new wavefront displaced a distance ct from the initial wavefront.




[image: image61.wmf]2

1




Thus, from the diagram the wave always propagates at right angles to the



wavefronts.
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(b)
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1



The incident wavefront has just reached the boundary between the two media



at point A. Points A and B act as sources of secondary waves.





[image: image64.wmf]2

1




The wave from B, travelling at speed v1 in medium 1, 







[image: image65.wmf]2

1




moves a distance v1t to point B’.











[image: image66.wmf]2

1




Within the same time, the wave from A, travelling at a slower speed v2 in



[image: image67.wmf]2

1




medium 2, moves a smaller distance v2t to point A’.







[image: image68.wmf]2

1




The new wavefront in medium 2 is given by the line through A’B’ which has



clearly been deflected, refraction of waves results.







[image: image69.wmf]2
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 7

19 – 20 : CD,
21 – 30 : CCBCD, DBABA,
31 – 33 : CAB

34.
(a)
(i)
T
= ke





= 8.4 × 102 (2π × 0.015)








1





= 79.2 N













1 2



(ii)
Work done
= energy stored









1







= 
[image: image70.wmf]2

1

(8.4 × 102) (2π × 0.015)2






= 3.73 J











1 2


(b)
(i)
Consider the wave along AB,   v
= 
[image: image71.wmf]m
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= 239 m s-1



So 
  v
= fλ




239
= f (0.42 ×2)











1





  f 
= 285 Hz












1 3



(ii)
-
transverse Vs longitudinal









1




-
stationary Vs travelling










1




-
different speeds/wavelengths









1 3



(iii)
















1 1
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35 – 39 : C, BBAB
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