7.1

Waves Waves (AS Level 22) A,

An understanding of colour from Cambridge IGCSE/O Level Physics or equivalent is assumed. gé‘ e

Progressive waves

Candidates should be able to:

1
2

N o 1N

describe what is meant by wave motion as illustrated by vibration in ropes, springs and ripple tanks

understand and use the terms displacement, amplitude, phase difference, period, frequency, wavelength
and speed

understand the use of the time-base and y-gain of a cathode-ray oscilloscope (CRO) to determine
frequency and amplitude

derive, using the definitions of speed, frequency and wavelength, the wave equation v = f4

recall and use v =f1
understand that energy is transferred by a progressive wave

recall and use intensity = power/area and intensity oc (amplitude)® for a progressive wave
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5 The variation with time ¢ of the displacement x of a point in a transverse wave T, is shown in ¥

Fig. 5.1.
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(a) By reference to displacement and direction of travel of wave energy, explain what is
meant by a transverse wave.

Fig. 5.1

b) A second transverse wave T,, of amplitude A has the same waveform as wave T, but
2
lags behind T, by a phase angle of 60°. The two waves T, and T, pass through the

same point. 2’ - éo

(i) On Fig. 5.1, draw the variation with time t of the displacement x of the point in
wave T,. [2]

Q. L\ .)’\ Two balls float on the surface of the sea. The balls are separated by a distance of 1.30m.

l'),\ A wave travels on the surface of the sea so that the balls move vertically up and down.

‘.x'L\
direction of
ball travel of wave ball ¢ = (1) 260b
S aom e i NOT TO ‘ gu)
= A= SCALE 240°
i 1.30m i =

The distance between a crest and an adjacent trough of the wave is 0.90 m.
What is the phase difference between the two balls?

A 55° B 110° C 160° (D 260°
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Measurements using CRO

Akhtar Mahmood (0333-4281759)
M.Sc.(Physics), MCS, MBA-IT, B.Ed.
MIS, DCE, D AS/400e(IBM), OCP(PITB)
akhtar@salt.org.pk

A whale produces sound waves of frequency 5 Hz.
The waves are detected by a microphone and
displayed on an oscilloscope.

What is the time-base setting on the oscilloscope?

A 0.1 ms div’! B 1 ms div'!
C 10 ms div! D 100 ms div!
{Q.4/June 15/11}

A cathode-ray oscilloscope (c.r.0.) is used to display
the trace from a sound wave. The time-base is set at 5
us mm-!

/ /T ™\
/ / I1cm

g
1cm
What is the frequency of the sound wave?
A 6.7Hz B 67 Hz
C 6.7 kHz D 67 kHz.

{Q25/June 15/13}
A cathode-ray oscilloscope (c.r.0.) is connected to an
alternating voltage. The following trace is
produced on the screen.

1cm¢

-

1cm
The oscilloscope time-base setting is 0.5 ms cm™' and
the Y-plate sensitivity is 2 V em ™.
Which statement about the alternating voltage is
correct?
A The amplitude is 3.5 cm.
B The frequency is 0.5 kHz.
C The period is 1 ms.
D The wavelength is 4 cm.
{Q3/June 14/12}

The display on a cathode-ray oscilloscope shows the
signal produced by an electronic circuit.
The time-base is set at 5.0 ns per division and the Y-

gain at 10 V per division.

What is the frequency of the signal?

A2.0x10%Hz B2.5x10%Hz
C5.0x10"Hz D 3.1 x 10°Hz
{Q.5/June 14/]3;

A signal that repeats periodically is displayed on the
screen of a cathode-ray oscilloscope.
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The screen has 1 cm squares and the time base is set at

2.00 ms cm!.

What is the frequency of this periodic signal?

A 50 Hz B 100 Hz C 125 Hz D 200 Hz
{Q.4/Nov 13/11,12}

The Y-input terminals of a cathode-ray oscilloscope

(c.r.0.) are connected to a supply of amplitude 5.0 V and

frequency 50 Hz. The time-base is set at 10 ms per

division and the Y-gain at 5.0 V per division.

Which trace is obtained?

A B

{Q6/June 13/11 & Q4/Nov 06}
Answer Grid:
Q. No. 1 2 3 4 5 6

Answer C B C B D




A whale produces sound waves of frequency 5 Hz. !

The waves are detected by a microphone and T_.-_ I = 00204
displayed on an oscilloscope. .-F

T= (M) (Ve bage Settivg)
0.20 = (2) (Ve bnse setfig)

(Ve bage setiy) = 0_2'—20 = o-lo Sldiv

What is the time-base setting on the oscilloscope?

A 0.1 ms div'! B 1 ms div'!

C 10 ms div'! ®)100ms div'= 100 - 6.1
1000

A cathode-ray oscilloscope (c.r.o.) is used to display
the trace from a sound wave. The time-base is set at 5

s T- (m) (Ui wzse**i@
(3)(5xw> LEX 16 &

-
—

o
// ///\1 = = ,,gm
tem 6666 T W - 66710 Vg

1cm &-T kH:IS

What is the frequency of the sound wave?
A 6.7 Hz B 67 Hz
.7 kHz D 67 kHz.

S g -

A cathode-ray oscilloscope (c.r.0.) is connected to an
. alternating voltage. The following trace is
produced on the screen.
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correct?

A The amplitude is 3.5 cm.
he frequency is 0.5 kHz.

C The period is 1 ms.

D The wavelength is 4 cm.
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7.2 Transverse and longitudinal waves

Candidates should be able to:

1 compare transverse and longitudinal waves
2 analyse and interpret graphical representations of transverse and longitudinal waves
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73 Doppler effect for sound waves
Candidates should be able to:

1 understand that when a source of sound waves moves relative to a stationary observer, the observed
frequency is different from the source frequency (understanding of the Doppler effect for a stationary
source and a moving observer is not required)

2 use the expression f, = f.v/(v £ v) for the observed frequency when a source of sound waves moves
relative to a stationary observer

Doppler Qmed»

Sooment. - M opparenk C,Q\a 2uinoy

(obserwad  equoncy) of a 2sounol dmz_ T Motioy
o A0urte veladue o o obsevee .

Obsgevwver R




Coge | ; %% O AouwCo ™MOW V)\M&*(dé Obgerwor :

Mete £, — Obsevwved &stwma
£o ~ Ffo{/uW Qourte
v - veloedy | %Pfi‘ of wove
Ve ~ Velocy | 3peed o Sout

Cosel : Y Qource  omd  2ownd  wave  wneve  im
Rome  diveclion e Soue ™ove towad  doerver
Rl $pd -
£ = _C%)('\Y) = G“ >FS>
Coge2: Y Qource  omd  2ownd  wave  wnowe  im
opposle diveclione. i@ Sourte  T™ove away fiom cbsrvel
Relodie %P@d .V Vg
£, = (fs)(-\’) = C&< t)

V4 Ne




25 A stationary insect on the surface of water creates circular waves with its legs, as shown in
diagram 1. The insect begins to travel to the right as shown in diagram 2.

insect

\ M
O’X T £4
S = Gnalenk

diagram 1 diagram 2

Which row describes the change to the waves at X caused by the movement of the insect?

frequency wave speed
A decreases increases
B decreases stays the same °
C increases increases
@ increases stays the same

26 In one of the first experiments to demonstrate the Doppler effect, a train was filled with trumpeters
all playing a note of frequency 440 Hz. The difference in observed frequency of the note as the
train directly approached a stationary observer was 22 Hz. The speed of sound was 340ms™".
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24 The siren of a moving police car emits a sound wave with a frequency of 440Hz. A stationary
observer hears sound of frequency 494 Hz. The speed of sound in the air is 340 ms™".

"Fs s l{’-tol'lg

At which speed was the train moving?

A 154ms™ 16.2ms™ C 17.0ms™ D 17.9ms™

What could be the speed and the direction of movement of the car?

£o = 4y
@ 37ms™ directly towards the observer °
P %, \, £ 3‘40"‘{
B 37ms directly away from the observer VS = >
C 42ms™ directly towards the observer Sh\Q (“?o > %) ) Lourte
D 42ms™ directly awgy from the observer MOVQ 1\)\0qu olot(wal

- W wantone L
V- Ve = 3Wo~Ve =V



23 A loudspeaker emitting a constant frequency of 2000 Hz is swung in a horizontal circle with a
speed of 15.0ms™" =V, £ =

-

A stationary observer is level with the loudspeaker and situated a long distance from the
loudspeaker. The observer hears a sound of varymg frequency. The maximum frequency heard

is2097Hz. = f, e (¥ > f) e lowdepeakor ‘» Wouing tawards docewer
What is the speed of the sound in the air? ,{' . (%)CV)

6 = —
A 294ms” B 309ms™ C 324ms™ D 330ms™ V=Ng

2097- (2000) (V)

\ - \S:D
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N = mé
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25 A train travels in a straight line at a constant speed of 30ms™". The train’s horn continuously
emits sound of frequency 2400 Hz. "'Fs ,r - ('FE)(V)
Vi Ve
A stationary observer stands next to the train track. The train approaches the stasl?nary obseryver,
passes him and then moves away. When trouin app Tfoachern oM veced e,
Ve observer, obsewef:
The speed of sound is 340ms™. $, - (;‘s)(v) (2k00)(340)_ 23> L (?s)('\’) _(2l‘°°)§3‘403 2205
N -vs  340-30 TN1+Vs 340+30
What is the maximum difference in the frequenmes of the sound heard by the stationary
observer? Bf = 2622 -2205 - 427 e
A 190Hz B 230Hz © 430Hz D 460Hz

I An ambulance has a siren that emits sound of a constant frequency. The ambulance is moving
directly towards a stationary observer. .? /P
o

The ambulance decelerates as it is approaching the observer and then accelerates after it has
passed the observer.

How does the frequency of the sound heard by the observer change as the ambulance is
approaching and as it is moving away from the observer?

MOAWAQ: 'ﬁ = CE)C\’)

approaching moving away V-V
observer from observer d-eceQu.ah wons Ve decveas% 20
@ decreases decreases (v-"%) T e 4y
B decreases increases . f V)
. Reced.l!!g- —ﬁ = ( 9) (
(o increases decreases """Vs
D increases increases Accellotele ™oems V increstes , %o
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7.4 Electromagnetic spectrum
Candidates should be able to:
1 state that all electromagnetic waves are transverse waves that travel with the same speed c in free space

2 recall the approximate range of wavelengths in free space of the principal regions of the electromagnetic
spectrum from radio waves to y-rays

3 recall that wavelengths in the range 400-700 nm in free space are visible to the human eye
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radio waves >106t0 101

microwaves 1071 to 1073

infrared 1073to 7 x 1077

visible 7 x 1077 (red) to 4 x 10~7 (violet)
ultraviolet 4%x10"7to1078

X-rays 1078 t0 10713

y-rays 10710t0 1016

7.5 Polarisation
Candidates should be able to:
1 understand that polarisation is a phenomenon associated with transverse waves

2 recall and use Malus's law (I = I cos’6) to calculate the intensity of a plane polarised electromagnetic
wave after transmission through a polarising filter or a series of polarising filters
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_— light transmitted
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I
+Polaroid

analyser
Y no light transmitted
\ / through the analyser
transmission axis of analyser
~ is90° to the transmission
axis of the Polaroid

The light is blocked by the analyser when its transmission axis is 90° to the plane of the
incident light. The dashed lines are transmission axes of the Polaroid and the analyser.
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