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4.2 Travelling Waves

Question Paper

Course DPIB Physics
Section 4. Waves
Topic 4.2 Travelling Waves
Difficulty Medium
Time allowed: 80
Score: /60
Percentage: /100
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Questionla

Awave on the surface of aripple tank moves from the source attherear of the tank to the front. The graph shows the
variation with distance x of the displacement y of the surface of the water.

The solidline shows displacementat t = 0 and the dashedline shows the displacementatt=0.154s.

y/ mm
4
3_

(a) Describethe difference between transverse andlongitudinal waves.

[2 marks]
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Question1b

(b) Calculateforthewave ontheripple tank

y/ mm
4
3
2
1_

(i) thespeed
(2]
(i) the frequency

(2]

[4 marks]
Questionlc
The graph shows the motion of the waterwaves at a point where displacement < 6.0 cm.
c)
Describe the appearance of the wave afterbeing displaced by twice this distance.
[3 marks]
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Question1d
Theinitial amplitude of theripplesis 0.38 cm.

(d)
Sketch a graph of displacement against time to show the motion of the surface of the waterforthe first 3.0 s.

[3marks]

Question 2a

Asoundwavein airhas a speed of 330 ms!. The distance between a rarefaction and compression is 1.3 m for this particular
soundwave.

(a) Calculatethetime period of the soundwave.

[3marks]
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Question 2b

Astoneis droppedinto a metal bath filled with water, and the sound of it landing is heard by a personin the room.

The soundwaves generated by theimpact of the stone travels to the person at different speeds through the metal of the
bath, thewaterandtheair.

N
\
\
\
I
E 1 ;

The metal of the bathis 0.5 cm thick, the wateris 23 cm deep, and the ears of the person are 160 cm above the base of the
bath.

You may use the following values:
Speed of soundinair=330ms"!
Speed of soundin metal=3000ms™!
Speed of soundinwater=1500ms"

(b)

(i)
Explain why the person only hears the sound once, rather than twice

[
(if)
Calculate the time difference between the sound arriving at the person’s ear from the inside (through the water) and the
outside (through the metal) of the bath

(3]

[4 marks]
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Question 2¢
The graph shows the displacement y of the particles in air due to the progression of the sound wave x from the source to the

ear.
Positive displacementindicates movement towards the person and negative displacementis away from them.

y+

(c)

Annotate on a sketch of the graph the position of atleast two compressions and two rarefactions.

[2 marks]

Question 2d
The graph shows the variation with time t of the displacement y of a particle in the metal of the bath.
y+/cm 2
1
0 02 03 t/s
-1
y- -2
(d) Forthelongitudinalwave:
(i) Calculatethe frequency of thewave
(1
(i) Determinethe speeditis movingatwhent=0.15s
(2]
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[3marks]
Question 3a
(a)
(i) Outlinewhatis meantby an electromagnetic (EM)wave.
(2]
(i) Compare EM waves to ultrasoundwaves.
(1
[3marks]
Question 3b
When doctors want to use medicalimaging to observe a foetus in the uterus, ultrasoundis used rather than x-rays.
Ultrasound produces images which are less detailed.
(b)
(i)
Describe why ultrasoundis chosen overx-rays despite the lack of resolution of theimages produced.
(2]
(if)
Explain why ultrasoundimages have lowerresolution.
(2]
[4 marks]
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Question 3¢

Electromagnetic waves can be modelled using a stretched string with a wave passing alongit. In the diagram, a waveis
travelling to theright. The equilibrium position of the waveform is marked with a dashedline and a point, P is indicated.

The frequency of thewaveis 0.5 Hz.
Annotate the diagram as instructed below.
(c)
(i) StartingatpointP, identify the wavelength of thewave.
(1
(ii) Indicate the motion of point P fromtheinstantuntil 0.5 s later.
(2]

[3marks]
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Question 3d

The stringis being oscillated at one end to cause a frequency f of 0.5 Hzand wavelength, Aof 30 cm.
(d)
(i)
Determine the speed of the wave
[l
(if)
Deduce the change which must be made toreduce the wavelength to 20 cm. Assume that the length of the stringiis
constant

[2]
[3marks]

Question 4a

Ultrasound scanners are usedin hospitals to establish the depth of internal organs under the skin. A pulse of ultrasoundis
emitted from a transducer, which also detects reflections of the pulse frominternal organs.

Reflected pulses are displayed on the screen of an oscilloscope.

To oscilloscope

Transducer

$ Pulse A

Internal organ

Surface of skin

(a) Explainhowtheenergyis transferredin the ultrasound.

[2 marks]
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Question 4b

The display shows the appearance of the first pulse, Pulse | on an oscilloscope.

Pulse |

1 s
(b) Determinethe frequency of the pulse of ultrasound.

[3marks]
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Question 4c
The scanneremits ultrasound pulses at regular time intervals. A display of two successive pulses, Il and lll would show a

separation between them.

Thereflection of pulse Il must be detected before pulse lllis emitted. This means that the equipment has a maximum depth
within the body which it can clearly create animage from.

Pulse Il | | Pulse IlI

<>

20 ps
(c) Calculate this maximum depth.

» Speedofultrasoundinbody tissue=1540ms™!
o Thetime-baseis setto20 ps div.

[3marks]
Question4d
(d)
Calculate the wavelength of an electromagnetic wave with a frequency equal to that of the ultrasound wave.

[2 marks]
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Question 5a

Acommoninvestigation to determine the speed of sound uses two microphones connected to a double-beam
oscilloscope.

Oscilloscope

/v O e @ H H
MleOphone 1 MleOphone 2
/—-\/. :

(a) Outline how this equipment can be usedto find the speed of sound.

(i) Listanyadditional equipmentrequired

(2]
(i) Briefly outlinethe method
(2]
(iii) Indicate the measurements to be taken
(1
You may choose to draw a diagram as part of youranswer.
[5 marks]
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Question 5b

(b)
Sketch a graph to show the traces which would be observed on the double-beam oscilloscope at a point where:

(i) Noresultwouldbe measuredandrecorded
(1
(if) Aresult would be measured andrecorded
(1
[2 marks]

Question 5¢
The teacherplanning theinvestigation to be setup on lab benches where the furthest distance that could be measuredis 2.0
m.

(c) Suggestasensiblerange of frequencies forthe signal generator.

[3marks]

Question 5d
The students considerhow theirmeasurements would be different if they could conduct the experiment under different
conditions.

(d)
Without further calculation, explain what changes would be made to the frequency range used for an experiment conducted

()  underwater

(i) inagastankfilledwith Helium

(3]
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[3 marks]
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