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8.1 Progressive waves

129. 9702_w20_qp 21 Q:5

A progressive wave Y passes a point P. The variation with time t of the displacement x for the
wave at P is shown in Fig. 5.1.

6.0

4.0
x/mm \ i
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N,

-6.0

Fig. 5.1 ‘\
The wave has a wavelength of 8.0cm. 0‘

(a) Determine the speed of the wave.

(b) A second wave Z has wayv cm and amplitude 2.0mm at point P. Waves Y and Z
have the same sp dQ

For the waves a lculate the ratio

intensity of wave Z
intensity of wave Y

L 2

0‘,’

*

[Total: 5]
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The signal from a microwave detector is recorded on a cathode-ray oscilloscope (c.r.0.), as shown

in Fig. 2.1.

1cm

-

1cm
A . N\ / N
I \ ri \ I \
/ \ / \ I \
\ Fi \ Fi
AY i \ /
N 4 N 4 0
Fig. 2.1 VS

The time-base setting on the c.r.0.is 50pscm™. \

(a) Using Fig. 2.1, determine the wavelength of the microwavw

>
Q""‘o
Q’a’ B .

detector is recorded on the same c.r.o.
waves is 1.5 x 10°m.

(b) The signal from
The wavelen

¢
Delﬁﬂ'r& the setting required to display the same number of oscillations on the
c.r.o. assshown 1.

time-base setting = ........ccccecviiii i, (¥ 1) SO [2]
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8.2 Transverse and longitudinal waves

131. 9702_w18 qp 22 Q: 4

CHAPTER 8. WAVES

(@) Sound waves are longitudinal waves. By reference to the direction of propagation of energy,

state what is meant by a longitudinal wave.

(b) A stationary sound wave in air has amplitude A. In an experiment, a detector is used to
determine A°. The variation of A2 with distance x along the wave is shown in Fig. 4.1.

/

/|

4.0
_ 3.0
A?/arbitrary \
units 5
1.0
\

N
0

0 10

(i) State the phase difference between the vibrati
vibrations of an air particle at x=50cm.

(ii) The speed of the sound in t @

wave.

L 2
X4
+

®
(iii) Determi ratio

amplitude A of wave at x=20cm

frequency =

amplitude A of wave at x = 25cm

‘._.
30 40 60
(\ x/cm

an air particle at x = 25cm and the

Determine the frequency of the sound

[Total: 7]
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8.3 Determination of frequency and wavelength of sound waves

132. 9702_s19 _qp 23 Q: 5
A vertical tube of length 0.60m is open at both ends, as shown in Fig. 5.1.

A —— 1 —

fube
~
N 0.60m

N I

T direction of 0

incident
sound wave

@

Fig. 5.1 s\

An incident sinusoidal sound wave of a single frequency tra tube. A stationary wave

is then formed in the air column in the tube with antinodes ends and a node N at the
midpoint.

(a) Explain how the stationary wave is formed from % nt sound wave.

(b) On Fig. 5.2, sketc 0 show the variation of the amplitude of the stationary wave with
height A above th

0 0.20 0.40 0.60
h/m

Fig. 5.2
(2]
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(c) For the stationary wave, state:

(i) the direction of the oscillations of an air particle at a height of 0.15m above the bottom of
the tube

(ii) the phase difference between the oscillations of a particle at a height of 0.10m and a
particle at a height of 0.20 m above the bottom of the tube.

phase difference = ..o ° 1]
(d) The speed of the sound wave is 340ms™.

Calculate the frequency of the sound wave.

frequency = ...

(e) The frequency of the sound wave is gradually increase

Determine the frequency of the wave whry wave is next formed.

freqQUENCY = ..o Hz [1]

[Total: 9]

?‘j_']'PapaCambridge



ks -
"’P8§ BQ&ME qu ggQUEN CY AND WAVELENGTH OF SOUND WAVES 245

133.9702_ w19 qp 22 Q: 5

(a) State what is meant by the wavelength of a progressive wave.

(b) A cathode-ray oscilloscope (CRO) is used to analyse a sound wave. The screen of the CRO
is shown in Fig. 5.1.

\ / \ I‘
\
/!
} cm o

f—n

icm

] L J
Fig. 5.1

The time-base setting of the CRO is 2.5mscm™". 0‘

Determine the frequency of the sound wave.

o’a’

QUENCY = oottt et e Hz [2]
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(c) The source emitting the sound in (b) is at point A. Waves travel from the source to point C
along two different paths, AC and ABC, as shown in Fig. 5.2.

20.8m C

8.0m

reflecting
B surface

Fig. 5.2 (not to scale)

Distance AB is 8.0m and distance AC is 20.8 m. Angle ABC is 90°. Assume that there is no
phase change of the sound wave due to the reflection at point B. The wavelength of the

waves is 1.6m.

(i) Show that the waves meeting at C have a path difference of 6.4m. 0

N
p& (1]

(ii) Explain why an intensity maximum is detected at

(iii) Determine the difference be %mes taken for the sound to travel from the source
to point C along the two di aths.

Q

L 2

o
S
e time differenCe = ....o.oouoeeee oo, s [2]

(iv) The wavelength of the sound is gradually increased. Calculate the wavelength of the
sound when an intensity maximum is next detected at point C.

wavelength = ... m [1]
[Total: 9]
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134.9702_s17_qp_22 Q: 5

(a) Define the frequency of a sound wave.

(b) A sound wave travels through air. Describe the motion of the air particles relative to the
direction of travel of the sound wave.

?‘Q’PapaCambridge
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(c) The sound wave emitted from the horn of a stationary car is detected with a microphone and
displayed on a cathode-ray oscilloscope (c.r.0.), as shown in Fig. 5.1.

—
|
—

1.0cm

1.0cm
Fig. 5.1 0
The y-axis setting is 5.0mVcm=".

The time-base setting is 0.50mscm.

(i) Use Fig. 5.1 to determine the frequency of the sound wav*\

(ii) The horn of the car sounds ¢ y. Describe the changes to the trace seen on the
c.r.o. as the car travels at peed

1. directly towar @ Yy microphone,
om the stationary microphone.

[Total: 7]
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8.4 Doppler effect

135. 9702_m20 qp_ 22 Q:2

A dolphin is swimming under water at a constant speed of 4.50ms™".

(a) The dolphin emits a sound as it swims directly towards a stationary submerged diver. The
frequency of the sound heard by the diver is 9560Hz. The speed of sound in the water is
1510ms".

Determine the frequency, to three significant figures, of the sound emitted by the dolphin.

frequency = ..o .8 P Hz [2]

(b) The dolphin strikes the bottom of a floating ball so that the ball @rﬁcally upwards from
the surface of the water, as illustrated in Fig. 2.1.

surface of water

ball
speed 5.6 m m
0 Fig. 2.1

ace with speed 5.6ms™".

The ball leaves th
is negligible.

um height reached by the ball above the surface of the water.
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(ii) The ball leaves the water at time t = 0 and reaches its maximum height at time t = T.

On Fig. 2.2, sketch a graph to show the variation of the speed of the ball with time t from
t=0to t=T. Numerical values are not required.

A

speed

time ¢

Fig. 2.2
Q -

Use your answer in (b)(i) to calculate the change in gravitati‘ ntial energy of the
*ig

(ili) The mass of the ball is 0.45kg.

ball as it rises from the surface of the water to its maximum

>
&

1Al ENEIQY = oo J [2]

change in gravitatio

(iv) State and explai in the magnitude of the acceleration of the ball as it falls
back towards t of the water if air resistance is not negligible.

[Total: 9]
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(a) State Newton’s second law of motion.

............................................................................................................................................... [1]
(b) A car of mass 850kg tows a trailer in a straight line along a horizontal road, as shown in
Fig. 2.1.
car
trailer tow-bar mass 850 kg
horizontal road
Fig. 2.1 e
The car and the trailer are connected by a horizontal tow-bar.
The variation with time ¢ of the velocity v of the car for a part of its j shown in Fig. 2.2.
15 |
|
14
Vi
vims™
13
12
11

15 20 25
t/s
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CHAPTER 8. WAVES

(i) Calculate the distance travelled by the car from time t=01o t=10s.

distance =

(i) Attime t= 10s, the resistive force acting on the car due to air resistance and friction is
510N. The tension in the tow-bar is 440N.

For the car at time t=10s:

1. use Fig. 2.2 to calculate the acceleration

acceleration =

2. use your answer to calculate the resultant f

3. showthata honzo:a@a1 300N is exerted on the car by its engine

°
P
A g

4. determi e useful output power of the engine.

[1]

OUIPUL POWET = ..ot W [2]
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(c) Ashorttime later, the car in (b) is travelling at a constant speed and the tension in the tow-bar
is 480N.

The tow-bar is a solid metal rod that obeys Hooke’s law. Some data for the tow-bar are listed
below.

Young modulus of metal =2.2 x 10" Pa

original length of tow-bar = 0.48m

cross-sectional area of tow-bar = 3.0 x 10~4m?

Determine the extension of the tow-bar.

0\
extension = ....... v& ............................. m [3]

(d) The driver of the car in (b) sees a pedestrian standin ahead in the distance. The
driver operates the horn of the car from time ¢t = 15 s. The frequency of the sound
heard by the pedestrian is 480 Hz. The speed of t nd'in the air is 340ms-1.

Use Fig. 2.2 to calculate the frequency of t ou mitted by the horn.

freqQUENCY = ..o Hz [2]

[Total: 14]
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137.9702_w19 qp 21 Q: 3

A small remote-controlled model aircraft has two propellers, each of diameter 16 cm.
Fig. 3.1 is a side view of the aircraft when hovering.

16cm b(_)dy of 16cm
aircraft
propeller \ propeller
\O& \ ; : |
| I
| | | |
| I | I
| 1 | I
I L
| . | | . |
! air ! ! air !
! speed | | speed !
I 7.6ms! | I 7.6ms !
: | | |
Fig. 3.1
Air is propelled vertically downwards by each propeller so that the aircra at a fixed
position. The density of the air is 1.2kgm=3. Assume that the air from ea moves with
a constant speed of 7.6ms™" in a uniform cylinder of diameter 16cm. that the air
above each propeller is stationary. L/
(@) Show that, in a time interval of 3.0s, the mass of air propelle wards by one propeller is

0.55kg.

°
&
Q/a [3]

tum of the mass of air in (a)

(b) Calculate:

(i) theincreas

L 2
Yl
9‘0

increase in MOMENTUM = .......c.cccvvieeevereree e Ns [1]

(ii) the downward force exerted on this mass of air by the propeller.
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(c) State:

(i) the upward force acting on one propeller

(ii) the name of the law that explains the relationship between the force in (b)(ii) and the
force in (c)(i).

(d) Determine the mass of the aircraft.

must propel the

(e) In order for the aircraft to hover at a very high altitude (height), th
altitude. Suggest

air downwards with a greater speed than when the aircraft hove
the reason for this.

() When the aircraft is hovering at a high altit
rotating. The aircratft falls vertically down
of 22ms, it emits sound of frequency
air is 340ms-1.

n the aircraft reaches a constant speed
m an alarm. The speed of the sound in the

Determine the frequency of the s ard by a person standing vertically below the falling

aircraft. 0

¥,

*

freqUENCY = oo Hz [2]

[Total: 11]
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138. 9702 _s18 qp 22 Q: 3

A child on a sledge slides down a steep hill and then travels in a straight line up an ice-covered
slope, as illustrated in Fig. 3.1.

ice-covered
slope

child and sledge
total mass 70kg

Fig. 3.1 (not to scale)

The sledge passes point A with speed 18 ms~" at time t = 0 and then comes to rest at point B. The
child applies a brake to the sledge at point B. The brake does not keep the sledge ionary and
it immediately slides back down the slope towards A.

The variation with time ¢ of the velocity v of the sledge from t=010 t=24 Fig. 3.2.
20 ]
v/ims™ BREN
10 s
N
0 =
O -4 81 T | 20 24 ts
[
_10 17

@ Fig. 3.2

sledge to travel from Ato B.

(a) State the time ta

L 2

0‘“

*
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(b) Determine the displacement of the sledge up the slope from point A at time =24 s.

257

displacement =

(c) Show that the acceleration of the sledge as it moves from B back towards A is 0.50ms™2.

2
i\ (2]

(d) The child and sledge have a total mass of 70kg. The t of the total weight of the

child and sledge that acts down the slope is 80 N.

Determine

(i) the frictional force on the sledge as it move m B towards A,

frictional force = N [2]

pe to the horizontal.

-
(i) *the’angle
Mg

?‘j_']'PapaCambridge
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(e) The child on the sledge blows a whistle between t=4.0s and f=8.0s. The whistle emits

sound of frequency 900 Hz. The speed of the sound in the air is 340ms~'. A man standing at
point A hears the sound.

CHAPTER 8. WAVES

Use Fig. 3.2 10

(i) determine the initial frequency of the sound heard by the man,

initial frequency = ... Hz [2]

(ii) describe and explain qualitatively the variation, if any, in the frequenc@e sound
heard by the man.

[Total: 13]
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139. 9702 _s18 qp 23 Q: 2

259

(a) State what is meant by work done.

(b) Adiver releases a solid sphere of radius 16cm from the sea bed. The sphere moves vertically
upwards towards the surface of the sea.

The weight of the sphere is 20N. The upthrust acting on the sphere is 170N. The upthrust
remains constant as the sphere moves upwards.

(i) Calculate the density of the material of the sphere.

density = ................. ‘\ ................. kgm=31[2]

(if) Briefly explain the origin of the upthrust acting on the

(iii) Calculate the acceleration of the as it is released from rest.

Q"’Q

acceleration = ..........cccoooeieeeeeeeeeee e ms=[2]

E‘,]'PapaCambridge
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(iv) The viscous (drag) force D acting on the sphere is given by

CHAPTER 8. WAVES

D = krév?

where ris the radius of the sphere and v is its speed.
The constant k is equal to 810kgm™.

Determine the constant (terminal) speed reached by the sphere.

(v) The diver releases a different sphere that moves with a const
directly towards a stationary ship. The sphere emits sound®t f cy 4850Hz. The
ship detects sound of frequency 4870 Hz as the sphere mov

Determine, to three significant figures, the speed of t the water.

[Total: 11]
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140. 9702_m17 qp 22 Q: 4

(a) State what is meant by the Doppler effect.

(b) A child sits on a rotating horizontal platform in a playground. The child moves with a constant
speed along a circular path, as illustrated in Fig. 4.1.

Q
circular "%
path \,/ \\
/ \
i ) to a distant
) * ! ™ ob
AY 7/
AN /
~ - . Pl
p 7.5ms™ ®
child (\
Fig. 4.1 0

An abserver is standing a long distance away from th
the child, moving at a speed of 7.5ms™, starts blow
it at point Q on the circular path.

~During one particular revolution,
istle at point P and stops blowing

The whistle emits sound of frequency 950 speed of sound in air is 330ms1.

(i) Determine the maximum frequen sound heard by the distant observer.

Q""'Q

Maximum freQUENCY = ... Hz [2]

(ii) Describe the variation in the frequency of the sound heard by the distant observer.

[Total: 6]
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141. 9702_s17_qp_21 Q: 5

(a) Describe the Doppler effect.

(b) A car travels with a constant velocity along a straight road. The car horn with a frequency of
400Hz is sounded continuously. A stationary observer on the roadside hears the sound from
the horn at a frequency of 360Hz.

The speed of sound is 340ms~".

Determine the magnitude v, and the direction, of the velocity of the car relative to the observer.

[Total: 4]
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142. 9702_wl7_qp_23 Q: 4

263

(a) By reference to the direction of propagation of energy, explain what is meant by a longitudinal
wave.

(b) A car horn emits a sound wave of frequency 800Hz. A microphone and a cathode-ray

oscilloscope (c.r.0.) are used to analyse the sound wave. The waveform displayed on the
C.r.0. screen is shown in Fig. 4.1.

S
i

’ <
I1 cm
[e—+

Tom ‘\
0&

Fig.4.1

Determine the time-base setting, in scm™', of the c.r.

time-base setting =

(c) The intensity I of t a distance rfrom the car horn in (b) is given by the expression

_k
I=75

L 2

0‘“

where Kis a co

Fig.4.2 shows the car in (b) on a road.

22 L
?, \,?(/ : O—0 )f(/ road
I 30m : I
| { |
| |
| 120m |
Fig.4.2
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An observer stands at point O. Initially the car is parked at point X which is 120m away from

point O. The car then moves directly towards the observer and stops at point Y, a distance of
30m away from O.

The car horn continuously emits sound when the car is moving between points X and Y.

CHAPTER 8. WAVES

(i) The sound wave at point O has amplitude A, when the car is at X and has amplitude A
when the caris at Y.

Ay
Calculate the ratio —-.
AX

(i) When the car is parked at X, the frequency of the sound fro
by the observer is 800Hz. As the car moves from X to Y, %

detected frequency is 16 Hz. The speed of the sound in airi
Determine, to two significant figures, %
1. the minimum wavelength of the sound de the observer,

&

0 wavelength = ... m [2]

f the car.

that is detected
imum change in the
ms1.

2. the maxim

L 2

0'“

*

SPEEA = oo ms= [2]

[Total: 11]
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143. 9702_s16_qp_22 Q: 4

(a) By reference to the direction of the propagation of energy, state what is meant by a longitudinal
wave and by a transverse wave.

Lol Lo 11U Lo |10 = | LR UPP TP TR

(b) The intensity of a sound wave passing through air is given by 0

I = Kvpf2A2

K is a constant without units,

v is the speed of sound, (
p is the density of air,

fis the frequency of the wave

and A is the amplitude of the wave.

where I is the intensity (power per unit area), ‘\

Show that both sides of the equation have the s@ ase units.

?‘]'PapaCambridge
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(¢) (i) Describe the Doppler effect.

(ii) A distant star is moving away from a stationary observer.

State the effect of the motion on the light observed from the star.

(d) A cartravels at a constant speed towards a stationary observer. The horn of the car sounds at
a frequency of 510Hz and the observer hears a frequency of 550Hz. The spe f sound in
air is 340ms™".

Calculate the speed of the car.

[Total: 10]
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144. 9702_w16_qp 21 Q: 4

(a) State what is meant by the frequency of a progressive wave.

(b) A cathode-ray oscilloscope (c.r.0.) is used to determine the frequency of the sound emitted by
a loudspeaker. The trace produced on the screen of the c.r.0. is shown in Fig. 4.1.

e
1

7R e
[, 8O

1cm *

Fig. 4.1 v(
The time-base setting of the c.r.0. is 250 uscm™.

Show that the frequency of the sound wave is 16

(c) The loudspeaker i
a string and then

the sound in all directions. A person attaches the loudspeaker to
loudspeaker at a constant speed in a horizontal circle above his

head.

¢
An obseryer, rge distance away from the loudspeaker, hears sound of maximum
frequency 1640 speed of sound in air is 330ms™1.

(i) Determine the speed of the loudspeaker.

T"i'.’PapaCambridge
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(ii) Describe and explain, qualitatively, the variation in the frequency of the sound heard by
the observer.

[Total: 8]
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145. 9702_w16_qp 23 Q: 4

(a) State what is meant by the frequency of a progressive wave.

(b) A cathode-ray oscilloscope (c.r.0.) is used to determine the frequency of the sound emitted by
a loudspeaker. The trace produced on the screen of the c.r.o. is shown in Fig. 4.1.

I
1

7R e
[, 8O

1cm *

Fig. 4.1 0‘
The time-base setting of the c.r.o. is 250 uscm™.

Show that the frequency of the sound wave is 16

(c¢) The loudspeaker i
a string and then
head.

the sound in all directions. A person attaches the loudspeaker to
loudspeaker at a constant speed in a horizontal circle above his

>
An obseryer,
frequengy 1640

rge distance away from the loudspeaker, hears sound of maximum
speed of sound in air is 330ms™1.

(i) Determine the speed of the loudspeaker.

?‘]’PapaCambridge
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(ii) Describe and explain, qualitatively, the variation in the frequency of the sound heard by
the observer.

[Total: 8]
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8.5 Electromagnetic spectrum

146. 9702_w20_qp 23 Q:1

(a) An electromagnetic wave has a wavelength of 85um.

(i) State the wavelength, in m, of the wave.

wavelength =

(ii) Calculate the frequency, in THz, of the wave.

frequency =

271

(iii) State the name of the region of the electromagnetic spectrum tha is wave.

(b) The current I in a coil of wire produces a magnetic field. The e

field is given by

where L is a constant.

The manufacturer of the coil states that t
The current I in the coil is measured as

The values of L and I are used to

Determine the percentage un

percentage uncertainty =

§ W . S [1]
§tored in the magnetic

[Total: 6]
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