HKAL Exercise : Part 3 Waves

Chapter 10 Sound Waves
10.1
Intensity and Loudness

Decibel

1.
Which of the following represent the approximate noise levels


(i)
near the airport when an aircraft is taking off and flying overhead?


(ii)
for normal conservation?





  (i)

  (ii)



A.
30 dB
60 dB




B.
30 dB
90 dB




C.
60 dB
90 dB




D.
90 dB
60 dB

Decibel and Distance from the Source

2.
A 10 W light bulb gives a certain illumination on a surface 6 m away. At what distance would a 90 W light bulb give the same illumination ? (You may regard a light bulb as a point source)


A.
2 m


B.
18 m




C.
54 m

D.
486 m

3.
A transistor radio produces a sound of intensity level 50 dB at a point 5 m away from it. What is the intensity level in decibels 10 m from the radio, which may be regarded as a point source ?



A.
25 dB

B.
44 dB




C.
47 dB

D.
50 dB

5b.
Students A and B are standing 40 m apart. A shouts to B and the intensity level in db recorded by B is x. A then walks away from B so that they are 8 m apart. If A shouts again with the same power, what is the intensity level in db recorded by B ?




A.
x + 7

B.
x + 14




C.
25 x


D.
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Decibel and Power

5.
A sound reproduction system produces a sound level of 83 dB above threshold. Assuming the threshold of hearing to be 10-12 W/m2, 83 dB corresponds to an intensity of




A.
7.1 × 103 W/m2.




B.
2.0 × 10-3 W/m2.




C.
2.0 × 10-4 W/m2.




D.
5.8 × 10-9 W/m2.

6.
If the threshold of hearing is 10-12 W/m2, a sound level of ten milliwatt per m2 is above threshold by



A.
10 dB.

B.
50 dB.




C.
100 dB.

D.
200 dB.

7.
If 3/5 of the sound energy produced by a typewriter is absorbed by a sponge rubber pad placed underneath, the sound level produced will fall by



A.
0.40 dB.

B.
0.60 dB.




C.
2.21 dB.

D.
3.98 dB.

8.
If the sound level of a source increases by 5 dB, the power emitted by the source will have its initial value multiplied by approximately


A.
log105.

B.
105.




C.
1.6.


D.
3.2.

9.
A loudspeaker produces a sound intensity level of 70 dB at a point P. If the electrical power to the loudspeaker is halved, the intensity level at P will be


A.
35 dB.

B.
64 dB.




C.
67 dB.

D.
73 dB.

10.
What is the intensity ratio of a note 60 dB compared with another note of 20 dB which has the same frequency ?




A.
3


B.
40



C.
5000

D.
10000
(Two sources of sound)

11.
If three independent sources, each separately at a noise level of 80 dB, are sounded together, they will produce a noise level of




A.
27 dB.

B.
80 dB.




C.
85 dB.

D.
240 dB.

12.
Two loudspeakers are connected to the same signal source of negligible impedance. At a point equidistant from the two loudspeakers, a maximum intensity of intensity level 50 dB is detected. If one loudspeaker is disconnected, the intensity level at that point will be



A.
13 dB.

B.
25 dB.




C.
44 dB.

D.
47 dB.

13.
A radio produces a sound intensity level of 45 dB at a point 3 m away from it. If the power output of the radio is doubled, what is the sound intensity level at a point 1 m from the radio ? (You may regard the radio as a point source)



A.
57.6 dB

B.
51.5 dB




C.
38.5 dB

D.
32.4 dB
(Structural question 85:L4)

14.
(a)
(i)
A certain machine in a factory produces a 60 dB sound level when operated. Taking 

I​0 as the threshold of hearing, calculate the maximum number of machines which can be operated at the same time in the factory if the noise level is not permitted to exceed 66 dB.

(ii)
Suppose the ventilation system of the factory produces a back ground noise level of 3.8 dB. Would the total noise level exceed the noise limit of 66 dB when the maximum number of machines [as found in (i)] are operating in the factory? Explain your answer.


















(5 marks)
(b)
The following table shows some typical situation in everyday life. State the approximate noise-levels found in these situations.




Situation









Noise level /dB



(i)
Quiet places such as libraries and hospital wards



(ii)
Normal traffic noise in Hong Kong



(iii)
Near a working construction site


















(2 marks)
(c)
Name one design feature used to lower the noise levels in buildings built near airports or busy highways.












(1 marks)

10.2
Doppler Effect

Moving source

15.
When a source emitting sound waves of a fixed frequency moves towards a stationary observer in air, the pitch of the sound heard by the observer is different from that when the source is at rest. This is due to a change in the


(1)
wavelength of sound in air

(2)
separation between the source and the observer.

(3)
number of waves received per second by the observer.



A.
(1) only

B.
(3) only



C.
(1) and (2) only



D.
(2) and (3) only

16.
A moving ship sounds a foghorn and an echo is received from a cliff behind it. Which of the following wave characteristics of the original sound is/are different from that of the echo ?


(1)
speed


(2)
period


(3)
wavelength



A.
(1) only

B.
(3) only



C.
(1) and (2) only



D.
(2) and (3) only

Source moving towards the receiver

17.
A sound source S approaches an observer O at a constant speed v. Which of the following statements is/are correct?

(1)
The wavelength of the wave appears to be longer as S approaches O.

(2)
The frequency of the source as heard by O remains constant with time as S approaches O.
(3)
The sound appears louder and louder as S approaches O.

A.
(1) only


B.
(3) only

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

18.
A moving train sounds a whistle of frequency 500 Hz. The apparent frequency heard by an observer standing close to the railroad is 548 Hz. If the speed of sound in air is 300 m/s, the train is moving at a speed of



A.
26 m/s away from the observer.




B.
26 m/s towards the observer.




C.
29 m/s away from the observer.




D.
29 m/s towards the observer.

19.
A stationary radar source emits waves of frequency f, and wavelength λ which are reflected from an object moving towards the source at a speed u. The reflected waves reaching a receiver standing near to the radar source will have an apparent wavelength of



A.
λ- 2u/f.

B.
λ- u/f.




C.
λ.


D.
λ+ 2u/f.

20.
Sound waves of frequency f are emitted by a source S. When S is moved with speed u (relative to the ground) towards a stationary observer O, a rise in pitch of Δf is detected. Which of the following statements is/are correct?

(1)
If both S and O move in the opposite direction with speed u, no rise in pitch will be detected.

(2)
If S is at rest with O moving towards it at speed u, the rise in pitch will also be Δf.

(3)
The speed of sound waves relative to the observer is unaffected by the motion of S.


A.
(1) only

B.
(3) only


C.
(1) and (2) only


D.
(2) and (3) only

21.
An ambulance, sounding its siren to produce a note of 600 Hz, approaches a stationary pedestrian P at a steady speed of 60 m s-1. Calculate the frequency of the sound heard by P. (Speed of sound in air = 340 m s-1)



A.
494 Hz

B.
510 Hz




C.
706 Hz

D.
729 Hz

Source moving away from the receiver

22.
Two identical sound sources send out sound waves to an observer. One of the sources is now moved away from the observer. The observer then hears alternate loud and weak signals, and loud signals are detected whenever the source moves through a distance of 0.60 m. If the speed of the source is 1/5 of the speed of the sound, the wavelength emitted by the stationary source is



A.
0.30 m.

B.
0.50 m.




C.
0.60 m.

D.
0.75 m.

23.
A source in a laboratory emits a line spectrum with one of the lines having wavelength 634.8 nm. For a star receding from the earth at a speed of 300 km/s, what would be the wavelength of the corresponding line from the star observed on the earth ? (Velocity of light = 3 × 108 m/s)



A.
633.5 nm

B.
634.2 nm




C.
635.4 nm

D.
636.1 nm

24.
30 cm microwaves are used in a radar speed trap. When the emitted and reflected signals are superposed, beats are produced. Find the minimum beat frequency above which a driver would be prosecuted for exceeding a speed limit of 120 km h-1.



A.
230 Hz

B.
290 Hz




C.
410 Hz

D.
560 Hz

Source moving towards then away from the receiver
25.
An aeroplane flies horizontally at a low altitude with a constant speed of 450 m/s. It transmits a radio signal of frequency 60 MHz as it passes a receiving station. What is the difference in the frequencies received a long time before and a long time after the passage of the plane ?



A.
360 Hz.

B.
180 Hz.




C.
90 Hz.

D.
60 Hz.

26.
An aircraft flies near the earth’s surface over a stationary observer on a windless day. The frequency of the notes from the engine received by the observer is 300 Hz when approaching, and becomes 100 Hz when leaving. Assume the speed of sound in air to be 330 m s-1. The speed of the aircraft is




A.
37 m s-1.

B.
165 m s-1.




C.
220 m s-1.

D.
248 m s-1.

27.
On a straight road, a car and an ambulance move with uniform speed u1 and u2 respectively (with u2 > u1) in the same direction. Initially the ambulance is behind the car and it overtakes the car after some time. The siren on the ambulance continuously emits a sound of a certain frequency. What is the ratio of the wavelength of sound received by an observer in the car before the ambulance overtakes to that after the ambulance overtakes ?


(Given : velocity of sound in air = v)




A.
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28.
An ambulance with its siren sounding a note of constant frequency fs drives along a straight road. Which of the graphs below best represents the variation of frequency f heard by a man standing close to the road as the ambulance drives past?


A.



 B.
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C.



 D.
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29.
A boy sitting at the rim of a rotating merry-go-round blows a whistle continuously with frequency fo . An observer on the ground hears the sound of the whistle. Which of the graphs below gives the possible variation of the observed frequency f of the sound in a period of revolution ?



A.



B.
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C.



D.





[image: image12.wmf]T

0

f

f

o

time



[image: image13.wmf]T

0

f

f

o

time


Doppler Effect for EM waves
30.
The spectra produced by element X, one on earth and the other on a distant star, are compared.


Spectrum from element X on earth :
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Spectrum from element X on the distant star :



[image: image15.wmf]

What is the most probable reason for the difference in the spectra readings ?




A.
The universe is expanding


B.
The universe is contracting




C.
The star is receding from the earth.
D.
The star is spinning about its axis.

(Essay 93:E2)

31.
Briefly describe how the principle of beats would be used to detect the speed of cars in a police radar speed check system. (No mathematical derivation is expected.)



(3 marks)

(Structural question 99:L6)

32.
(a)
For a source emitting electromagnetic waves of frequency f and moving towards an 

observer with a velocity v, the frequency of the electromagnetic waves received by the observer is given by
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If v << c, show that equation (*) can be approximated to 
[image: image17.wmf]÷

ø

ö

ç

è

æ

+

=

c

v

f

f

1

'

.

(2 marks)

(b)
An earth satellite in an orbit near the earth’s surface emits a radio signal of frequency 80 MHz. When the satellite passes over a tracking station on the earth’s surface, the station detects beats between the received signal and the station’s own signal of frequency f0. The beat frequency keeps on decreasing from an initial value of 8000 Hz to 1000 Hz within minutes. (The satellite can be considered as moving horizontally with constant velocity during the period of observation).
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(i)
Explain why the beat frequency changes gradually and not abruptly.

(2 marks)



(ii)
Find the speed of the satellite observed from the tracking station.


(3 marks)

(iii)
Calculate the frequency f0 of the station’s own signal. (Give your answer up to 6 sig. fig.)







 






(2 marks)

(iv)
A student thinks that the calculated value in (ii) is the orbital speed of the satellite. Do you agree with him ? Explain briefly.

 




(2 marks)

10.3
Diffraction and Interference of Sound

Interference of Sound
33.
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A loudspeaker L produces sound waves with frequency 3 400 Hz. The sound waves are reflected from a wall S. When a microphone M is moved between L and S, the loudness of the sound detected varies. (Speed of sound in air = 340 m/s)


Which of the following statements is/are true ?


(1)
The separation between consecutive positions of soft sound is 0.2 m.


(2)
The variation in the loudness of the sound is due to interference.


(3)
Increasing the sound frequency will make the positions of soft sound farer apart.



A.
(1) only

B.
(2) only

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

34.
Ultrasonic waves are used instead of audible sound waves to measure the depth of the sea because


(1)
ultrasonic waves will not be interfered with by other sound waves in the water.


(2)
small-sized objects can also be located.

(3)
ultrasonic waves can penetrate a greater depth of water with greater spreading-out of waves.


A.
(1) only

B.
(3) only

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

(Structural question 84:L3)

35.
In Figure 35, the loudspeakers L1 and L2 placed 5 m apart are fed from a signal generator G, whose frequency is 540 Hz, so that they emit sound waves in phase. The speed of the sound waves is 335 m/s.
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Figure 35

(a)
Describe the variation in the signal detected by a microphone when it moves slowly as follows:



(i)
along line AB, the perpendicular bisector of L1L​2.



(ii)
along line XY, parallel to L1L2 and about 15 m away from it.


















(3 marks)

(b)
Point Z in Figure 35 represents a point at which a minimum intensity sound is heard. When the loudspeaker L2 is temporarily disconnected, a student finds that the intensity of the sound heard at Z increases. He finds this difficult to understand, as disconnecting L2 presumably means that the total output energy from the loudspeakers decreases. Write a short note explaining the result to the student and explaining why it does not conflict with the law of conservation of energy.









(3 marks)

(c)
The loudspeaker L2 is now reconnected, but with the connections to its terminals interchanged, so that it emits sound waves in antiphase with those from loudspeaker L1. Describe what effect, if any, this will have on the signal received by a microphone placed along XY compared with the arrangement in (a)(ii)





(1 mark)

10.4
Standing Waves and Musical Instruments

Wind Instruments

36.



[image: image21.wmf]displacement

0

a

2

a

3

a

x



The figure above shows the variation of the displacement of air molecules along the x-axis in a standing sound wave at a particular time. At what positions will the pressure remain constant with respect to time ?




A.
x = 0 and x = a only


B.
x = 0 and x = 2a only




C.
x = a and x = 3a only

D.
x = 2a and x = 3a only

Open Pipes

37.
An open tube of length L and a string of length L produce the same fundamental note. However when each is sounded independently the sound produced can be distinguished readily. This is because

A.
the pipe produces longitudinal standing waves while the string produces transverse standing waves.

B.
they produce the same harmonics but the amplitudes of corresponding harmonics are different.

C.
the string produces some harmonics which are not produced by the open pipe.

D.
they produce completely different harmonics.

38.
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A stationary sound wave vibrating in its fundamental mode is set up in a pipe open at both ends. If an air particle at P oscillates with amplitude a, what is the amplitudes of oscillation of the air particles at Q and R ? (Neglect end corrections)




  Amplitude at Q
Amplitude at R



A.
  a



0




B.
  a/2


0




C.
  0



a


D.
  0



a/2

39.
Two pipes A and B, with pipe A closed at one end and pipe B open at both ends, are sounded to give fundamental notes of the same frequency. The length ratio of pipe A to pipe B is




A.
1 : 2.

B.
1 : 4.




C.
2 : 1.

D.
4 : 1.

40.
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A stationary sound wave vibrating in its fundamental mode is set up in a tube closed at one end. P and Q are two points at the end and the middle of the tube along its axis. Neglecting end-correction, what is the phase difference between the vibrations of the air molecules at points P and Q ?




A.
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C.
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41.
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The above figure shows a long vertical glass tube containing water. The water level is lowered until the first resonance occurs when a vibration tuning fork is placed at the opening of the tube. Which of the following statements is/are correct ? (Neglect end corrections.)

(1)
The sound produced by the air column above the water has the same frequency as the tuning fork.

(2)
Resonance will occur again if another tuning fork of three times the frequency is used.

(3)
Resonance will occur again if the length of the air column above the water is increased to  twice its original value.

A.
(1) only

B.
(3) only


C.
(1) and (2) only


D.
(2) and (3) only

Closed Pipes

42.
In a standing wave in a closed pipe,


(1)
no energy comes out of the pipe.

(2)
in the fundamental mode of vibration, air molecules in the middle of the pipe oscillate through a smaller amplitude than molecules at any other part of the pipe.


(3)
some air molecules do not vibrate.


A.
(1) only

B.
(3) only

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

(Essay 83:E3)

43.
Give one example of ‘resonance’ for the acoustical system.

Explain clearly and concisely the factors affecting the resonant frequency and the sharpness of the frequency response. Mathematical derivations are not expected.



















(3marks)

HKAL Exercise (KEY) : Part 3 Waves

Chapter 10 Sound Waves
1 – 10 :
DBBBC, CDDCD,
11 – 13 : CCA,

14.
(a)
(i)
Let I be the intensity of sound emitted by a machine,



I0 be the threshold of hearing,



n be the no. of machines to be operated.



60 
= 10 log(I/I0)












1



66 
= 10 log(nI/I0)












1



6.6 
= log n + log (I/I0)




= log n + 6.0

n 
= 4














1



Hence, not more than 4 machines are to be operated.


(ii)
Total noise level 
= 10 log (I0 (4 ( 106 + 100.38)/I0) dB




1







= 10 log (4 ( 106 + 100.38) dB







= 66 dB



Therefore, 4 machines can still be operated.







1 5



The noise limit is not exceeded.

(b)
(i)
Quiet places






< 50 dB






[image: image28.wmf]2
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(ii)
Normal traffic noise in Hong Kong

70 - 90 dB





[image: image29.wmf]2
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(iii)
Near a working construction site


100 - 120 dB




1 2



(Note: 
Ranges of noise-levels are given. Candidates are expected to give a value




within this range.)

(c)
Use double glazed windows/walls for sound insulation.





1 1
15 – 20 : A, DDBAB,
21 – 30 : DBCAB, BBDCD,

31.
Radar installed near the road sends microwaves of frequency f1 to a travelling car, 
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then the microwaves are reflected back to the radar.
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Due to Doppler effect,
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the observed frequency f2 of the reflected microwaves is slightly different from f1. 
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Hence by comparing the transmitted and reflected microwaves, beats are formed. 
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1



As the beat frequency (= f1 - f2) depends on the car speed, the car speed can be checked.
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32.
(a)
f’
= f 
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= f 
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1 2


(b)
(i)
When the satellite is close to the tracking station, its direction of motion (or




velocity) makes an angle with the line joining the satellite and the station.




The Doppler effect is thus due to the component of its velocity, which varies.
2 2



(ii)
Δf1
= f’ - fo = f 
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Δf2
= f’’ - fo = f 
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Δf1
-Δf2 = 2 f 
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8 000 – 1 000
= 2 (80 × 106) 
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1 3



(iii)
By ①, 8 000
= 80 × 106
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= 79.9955 MHz









1 2



(iv)
No, it is only the velocity ‘observed’ from the tracking station, the rotation of




the earth together with the tracking station is not taken into account.


2 2

33 – 34 : BC

35.
(a)
(i)
Sound of max. intensity heard; intensity decreases along AB.



1 1


(ii)
Variation in max. and min. intensity heard.







1



Interval ~ 

= 
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1 2

(b)
There is a min. intensity sound at Z because a wave from L1


arrives there exactly out of phase with a wave from L2.


Destructive interference occurs.










1


When L2 is disconnected, no such cancellation occurs, as only one set of waves arrives.


The intensity increases locally.










1


At other points where there was originally a max. intensity signal, there will be

a reduction in intensity when L2 is disconnected.  Overall energy is conserved.

1 3

(c)
Positions of max. and min. intensity will be reversed.






1 1
36 – 40 : CBCAD,
41 – 42 : CB,

43.
Glass tube is lowered slowly into the beaker of water until the air inside the

tube is heard to vibrate loudly (with the frequency of the tuning fork).  [Then

a stationary wave motion of the air in the tube is produced form the

superposition of the incident and reflected waves from the air/ water surface.]

Resonant frequency, f0 = v/4l,
where l is the air column length and v velocity of sound.

Damping of the oscillations would reduce sharpness of the frequency response

and this could be produced by e.g. an increase in the humidity of the air.



3 3
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