Immanuel Lutheran College S.4 Physics Revision Exercise on Wave (2)


[image: image1.png]11. (a) The wave makes 2 complete oscillation in % s

1
< frequency =2 + &=

=12Hz

LNAVAVAVAV)

(©  In deep region, velocity = 12 X 3
6cms
.36 ms”
In shallow region, velocity = 12 X 2
24cms?
=024ms"





[image: image2.png](©)

(©

Region Il is deeper because the wavelength there is longer.
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(e () Increase the rate of falling of waterdrops so that the frequency
of the waves generated is increased. As a result, the
wavelength is decreased.

(i) Raise the burette to a greater height so that the waterdrops
attain a higher K.E. when they reach the water surface.

(i) Add more water to the tray. Wave speed increases with the
depth of water.

Section B (Extension)

15. (@) A transverse travelling wave.
(b)  The wave advances 0.5 m in 0.25 s.

Velocity = %
=2ms

(c) 4 complete waves are generated 1 s after the shaking started.
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(b) (i) Particles a and i are compression centres.
(i) Particle e is a rarefaction centre.
(€} Wavelength = 8 cm
Amplitude = 1.2 cm
(@ () Particlesa, b, h, i and j are moving to the right
(i) Particles d, e, f are moving to the left.

Particles ¢, g, k are momentarily at rest,

9. (a) The wave shown in the above diagram is longitudinal. Particles move
in the directions parallel to the direction of the wave propagation.

(b)  The particles of greatest amplitude is circled.
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(c)  Period of the wave motion is 0.8 s.

Frequency of the wave motion is 0]
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The wave in (d) is a transverse wave.
Differences between longitudinal wave and transverse wave:

Transverse wave

Longitudinal wave

Particle motion s perpendicular
to wave propagation.

Particle motion is parallel to
wave propagation.

There are crests and troughs.

There are compressions and
rarefactions.

Sound wave
Radio wave/microwave

Infrared

Reflection

waterfall

Light wave (or electromagnetic wave)
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The wavelength will become much smaller.
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In a transverse wave, the disturbance is perpendicular to the
direction of wave propagation. The polystyrene cup can be treated
as one of the water particles and thus it vibrates in a vertical plane
only. It does not move in the direction of wave propagation

Transverse wave

Down

Period =25

Frequency = zi 0.5 Hz

(i) When ball 1 just finishes one complete oscillation, the wave
should have travelled one wavelength
». wavelength = distance between ball 1 and ball 9
=8m
(i) Velocity =fA=05X8=4ms"
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[image: image8.png]22. (a) Itis a transverse wave because its vibrations are perpendicular to
the direction of propagation of the wave.

(b) () Amplitude =1m

(i) Wavelength = =

=10m

(i) Since D and E come to their equilibrium positions every half

period,
% =25
T=4s
fel-025H:
(V) v=ir=025x 10
=25ms’
© @ Downward (i) Upward
(iii) Downward (i) Momentarily at rest

{v)  Momentarily at rest
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23. (@) The particles make one complete oscillation in 0.4 5.

period = 0.4 5
Frequency = -
WY =52
=25Hz
() () Particles3and7 (i) Particles 1, 5 and 9
(@
f 2 3 4
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(i) Sincef= 1? the period is halved when the frequency is

doubled.
- new period = 0.4 + 2=02's

(i) Att=0.1s, the particles should have made - of a complete
oscillation. Refer to Fig. 1.45c.

Longitudinal

(i), (i) I

T
FHH time =003 s THHFHTTHET

(i) From the graphs in part (b), we find that the compression
centre C moves 5 cm in 0.05 s.

- velocity = 0% =100 cm s’

=1ms"
(i) Wavelength = distance between two consecutive rarefaction
centres
=40cm=04m

Frequency = ¥ =
3

i
04

{iii) Period =

{iv) Amplitude = displacement of particle d at t = 0
=4cm
@ h (i d
(i) b, f,j
At time = 0.1 s, the wave will have moved a further 5 cm
from the wave at t = 0.05 s.

Attime = 0.4 s, the waveform is the same as that at time = 0.
Attime = 0.45 s, the waveform is the same as that at time = 0.05 s.
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(i)  Downward (i) Downward
() Wavelength =4 x 2 =8 cm
(i) The crest marked with an arrow moves 1 cm in 0.05 s.

. 1 B
. velocity = 005 20cms
v _20
(i) Frequency = - = 4% = 2.5 Hz
11
LR R
Period = ¢ = 5= =045

In 0.4 s, distance travelled by a particle = 30 X 0.4 = 12 cm
- amplitude =12 + 4 =3 cm

WM 9,17 Gi) 10

(i) 13 (iv) 14

(i) Stationary wave

(i) (1) 3cm @ 1.8em
B3 0

A longitudinal wave is a wave of which the oscillations take place
in directions parallel to the direction of propagation of the wave.
Sound wave is an example of longitudinal wave.
@) (1) Particle Aand particle |

) Particle E
(i (M [Particle A|B|C|D[E|F|C
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(a)

(iii)

{ii)

(i)

() Amplitude = 8 cm
Wavelength = 80 cm
) T=025s
f= % =4Hz
v=fA=4x80
=320cm s
(1) Frequency remains unchanged.
Wavelength becomes shorter.
(2)  Refraction

Path difference at P = AP~ BP = AB = 6 cm
Path difference at Q = AQ - BQ = 0

Constructive interference occurs at both P and Q since the
path differences equal to integral multiple of the wavelength.
Path difference at P = AP~ BP = AB = 3 cm

Path difference at Q = AQ - CQ = V47 + 37— 4 = 1 cm

Since 3 cm = %x and 1cm = %)\, destructive interference

occurs at both P and Q.

Frequency = 10 Hz, wavelength = 0.02 m
speed = f X
=10X002=02ms"
Path difference at P = AP - BP
2-10
2cm
wavelength
.. constructive interference occurs at P.

Speed is doubled and frequency is unchanged.
By v =), wavelength of the wave is doubled.
. new wavelength is 2 (2 cm) = 4 cm

Path difference at P = AP - BP
- % wavelength

. destructive interference occurs at P now.
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The range of wavelength of VHF is 2.78 m to 3.45 m.

(b) |
e (e H‘ ll H .
waves litle diffection
JM I M
ALIUII N
L L
o™ | T tongern
waves larger diffaction
i I
oos i
wEc 1N
Damg :
o
fesn|
cos
[Tk
b

building




[image: image13.png]30.

(ch

The wavelength of UHF is from 0.38 m to 0.64 m, which is small
when compared with the size of obstacles. Therefore, diffraction is
not significant and TV signals cannot reach the antenna easily. For
VHF, its wavelength is comparable to the size of obstacles,
diffraction is significant and the radio signals can reach the
antenna easily.

No, the TV signal is transmitted by UHF, with frequencies vary
from 470 to 790 MHz, which are outside the range of irequcncies
that the above radio can receive.

(i)

Freeze the motion of the water wave by using the
stroboscope.

Count the number of waves across the length of the tank.
Divide 1 m by the number of waves to get the wavelength.

Path difference at P = 0
Path difference at Q = AQ - BQ

BQ=0P
AQ= 6+ 8

10 cm
+. path difference at Q = 10 - 8

=2cm
Q is the st order constructive interference, therefore path
difference at Q = 1 wavelength.
~. wavelength = 2 cm
4 cm (wavelength is doubled)

P: constructive interference because path difference is still 0.
Q: destructive interference because path difference becomes

1
- wavelength.
5 waveleng
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(a)

(b}

speed of light
frequency of light
Wavelength range = 3.8 0 7.9 X 107 m = 380 o 790 nm

Wavelength =

The tobacco mosaic virus is too small for him to see under optical

mictoscope. The lengih of the virus is about 1 of the wavelengh

of violet light (380 nm) and the width is about Slo of the wavelength.

In optical microscopes, the resolution is limited by the
wavelength of the light. Only objects of several wavelengths of the
light are visible.

The wavelength of high-energy electrons is much smaller than that
of visible light. It enables a much better resolution to obtain the
image of the virus.

Path difference at the point P,

35-12

=0.15 m (1 wavelength)

- constructive interference will occur at P,.

Since A, B and P, are collinear, o the path difference at P,
=PB-PA

= distance between A and B

-07m

— wavelengths

Path difference at A equals to \, so constructive interference
occurs there.

Path difference at B equals to ;— M, 50 destructive interference occurs
there.

Energy is redistributed to the points of constructive interference
like A, C and E.

Crests meet at X and a point in front of C. Therefore there are two
big crests along XC.

Two troughs meet at a point in between X and C. Therefore there is
one big trough in between X and C.
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(d)  The amplitude of oscillation of the water molecule at X is doubled
at constructive interference. If one of the slits is covered, no
interference occurs and the amplitude of oscillation drops back to
La
2
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34. () Displacement-time graph of the “anti-noise”:

displacement

¥

—— time

(b)  Destructive interference,

(¢} Any one of the following:
*  The noise reduction system does not respond to all noises.
«  The “anti-noise” is not exactly out-oi-phase with the noise
because of time lag.
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(b) (i) Path difference at P = PA - PB
=2cm
Path difference at Q = QA - QB
=@-3ln
2
=Tem

(ii

(iii) Path difference at R = RA - RB
5-4)n
=2cm
Constructive interference occurs at P and R; destructive
interference occurs at Q.
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(d) () Crests meetat P, R and two more points in between.
Therefore there are totally four big crests.

Troughs meet at three points between P and R. Therefore
there are totally three big troughs.
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(i) Crests meet at C, D and two more points in between,
therefore there are totally four big crests.
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At the middle of C and D, a trough from A meets a trough
from B. Therefore there is a big trough in the middle.

At the middle of the 1st two crests, a trough from B meets a
crest from A. Therefore the displacement there is nearly zero.

C% Se——

Amplitude = 0.2 cm
Period = 0.1s

1

Frequency = —— = 10 Hz

0.1
Speed = % ~24cms?

24

Wavelength = - = 2%
avelength = & = -
=2.4cm

Either one of the following:
1. The sides of the tank slant outward.
2. Add spongy lining to the sides of the tank.

i)

(i) Diffraction

W m AC
2) D

(i) The statement is wrong. At a point of constructive
interference, the particles there oscillate with a large
amplitude. At a certain instant, there may be a crest. But after
half a cycle, the point becomes a trough.
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