?"t‘-PapaCambridge

Cambridge International AS & A Level

PHYSICS..P2

TOPIC WISE QUESTIONS + ANSWERS | COMPLETE SYLLABUS

T"f"PapaCambridge



T‘f]’PapaCambridge

Chapter 9

Superposition

o
P

W

273

T1f]’Papa(.‘.ambridge



"
] o
."PQP aCambri dg e CHAPTER 9. SUPERPOSITION

9.1 Stationary waves
147. 9702_s20_qp_22 Q: 4

(a) State the difference between progressive waves and stationary waves in terms of the transfer
of energy along the wave.

(b) A progressive wave travels from left to right along a stretched string. Fig. 4.1 shows part of
the string at one instant.

direction of
wave travel

0.48m ' P

Fig. 4.1 p‘
P, Q and R are three different points on the string. T, ce between P and R is 0.48m.

The wave has a period of 0.020s.

(i) Use Fig. 4.1 to determine the wavelmO@«ave.

wavelength = . m [1]
(i) Calculate the he wave.
G 4
&
A g
SPEEA = .o ms~' [2]

(iii) Determine the phase difference between points Q and R.

phase difference = ... ° 1]
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(iv) Fig. 4.1 shows the position of the string at time t = 0. Describe how the displacement of
point Q on the string varies with time from t =0 to { = 0.010s.

(c) A stationary wave is formed on a different string that is stretched between two fixed points
X and Y. Fig. 4.2 shows the position of the string when each point is at its maximum
displacement.

z

Fig. 4.2 L/

(i) Explain what is meant by a node of a stationary wave. *\

(i)

(iii) State the phase difference betwe@ts W and Z on the string.

? AIfference = ..o, ° 1]
(iv) A new station s now formed on the string. The new wave has a frequency
that is half of ncy of the wave shown in Fig. 4.2. The speed of the wave is

osition of the string, for this new wave, when each point is at its

Fig. 4.3
(1]

[Total: 11]
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148. 9702_w20_qp 21 Q: 6

(a) Describe the conditions required for two waves to be able to form a stationary wave.

(b) A stationary wave on a string has nodes and antinodes. The distance between a node and an
adjacent antinode is 6.0cm.

(i) State what is meant by a node.

stationary wave.

[Total: 5]
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149. 9702 _ml18 qp 22 Q:4

(a) State the conditions required for the formation of a stationary wave.

(b) The sound from a loudspeaker is detected by a microphone that is connected to a cathode-ray
oscilloscope (c.r.0.). Fig. 4.1 shows the trace on the screen of the c.r.o.

<

T
T~

L/
\
cm

(0

In air, the sound wave has a speed of @“ and a wavelength of 0.18m.

(i) Calculate the frequency of Qd wave.

-base setting, in scm™, of the c.r.o.

cm

°
P

(ii) Determine

freqUENCY = ..o Hz [2]

time-base Setting = .......c.oovvveeeeee e, sem™[2]
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(iii) The intensity of the sound from the loudspeaker is now halved. The wavelength of
the sound is unchanged. Assume that the amplitude of the trace is proportional to the
amplitude of the sound wave.

On Fig. 4.1, sketch the new trace shown on the screen of the c.r.o. [2]

(c) The loudspeaker in (b) is held above a vertical tube of liquid, as shown in Fig. 4.2.

loudspeaker \é é

liquid —]
R --+— level A  Fese-- --— |evel A

tube —

------ --— |evel B -----1 - |evel B
liquid —

tap\¥ % 6@
Fig. 4.2 Fi &:\
A tap at the bottom of the tube is opened so that lig @ out at a constant rate. The
1 h

wavelength of the sound from the loudspeaker is e sound that is heard first
becomes much louder when the liquid surface rea el A. The next time that the sound
becomes much louder is when the liquid surfa? s level B, as shown in Fig. 4.3.

(i) Calculate the vertical distance betw@ and level B.
Q AIStANCE = .ooiiiirc m [1]

(ii) On Fig. 4.3, lak he“letter N the positions of the nodes of the stationary wave that
i lumn when the liquid surface is at level B. [1]

(iii) The mas : leaving the tube per unit time is 6.7gs™'. The tube has an internal
of 13cm?2. The density of the liquid is 0.79gcem™.

e taken for the liquid to move from level A to level B.

[Total: 12]
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150. 9702_s18 qp_22 Q: 4

(a) (i) Define the wavelength of a progressive wave.

(b) A loudspeaker producing sound of constant frequency is placed near the open end of a pipe,
as shown in Fig. 4.1.

pipe piston loudsp
: ‘\
Fig. 4.1 (
A movable piston is at distance x from the open end of ipe. Distance x is increased from
x = 0 by moving the piston to the left with a constan of 0.75cms™.

D

.5cm. Assume that there is an antinode of

- [

speed 0.75¢cms™!

The speed of the sound in the pipe is 340 m

(i) A much louder sound is first heard w
a stationary wave at the open en

Determine the frequency of in the pipe.

Q’a'

S 4

o b
’:‘ FIEQUENCY = oo Hz [3]

(ii) After a time interval, a second much louder sound is heard. Calculate the time interval
between the first louder sound and the second louder sound being heard.

timeinterval = ... s [2]

[Total: 7]
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151. 9702_w18 qp 23 Q: 4

(@ On Fig. 4.1, complete the two graphs to illustrate what is meant by the amplitude A, the
wavelength A and the period T of a progressive wave.

Ensure that you label the axes of each graph.

N/ANVANIVA VN ANVA YA
VARV VoV

Y

Fig. 4.1
3]

(b) Ahorizontal string is stretched between two fixed points X and Y. "Awi Is used to oscillate
the string and produce a stationary wave. Fig. 4.2 shows the s% ne instant in time.

The speed of a progressive wavi e string is 30ms~'. The stationary wave has a

period of 40ms.

(i) Explain how the stai s formed on the string.

?‘]’PapaCambridge
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(ii) A particle on the string oscillates with an amplitude of 13mm. At time { the particle has
zero displacement.

Calculate

1. the displacement of the patrticle at time (¢ + 100ms),

displacement =

2. the total distance moved by the particle from time tto time (t+ 100ms).

distance = ‘\b ................. mm
(iii) Determine 0‘

1. the frequency of the wave,

2. the horizontal distance froQ ’

distance = ... m [3]

[Total: 12]
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152. 9702_s17_qp_21 Q: 4

CHAPTER 9. SUPERPOSITION

(a) State the conditions required for the formation of stationary waves.

(b) One end of a string is attached to a vibrator. The string is stretched by passing the other end
over a pulley and attaching a load, as illustrated in Fig. 4.1.

string

===

vibrator

Fig. 4.1 L J

The frequency of vibration of the vibrator is adjusted to 250 &’a ansverse wave fravels
along the string with a speed of 12ms~1. The wave is r e pulley and a stationary
wave forms on the string.

Fig. 4.2 shows the string between points Aand B =t

,oo

Fig. 4.2

s maximum displacement.

At timét =
o &

(i) Calculate ance AB.

distance = . ..., m [2]

?"t.’PapaCambridge
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(i) On Fig. 4.2, sketch the position of the string between A and B at times
1. t=t +2.0ms (label this line P),

2. t=t +5.0ms (label this line Q).

[3]
[Total: 7]
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153. 9702 w17 qp 21 Q: 3

(a) State the difference between a stationary wave and a progressive wave in terms of

(i) the energy transfer along the wave,

....................................................................................................................................... 1]
(ii) the phase of two adjacent vibrating particles.
....................................................................................................................................... 1]
(b) A tube is open at both ends. A loudspeaker, emitting sound of a single frequency, is placed
near one end of the tube, as shown in Fig. 3.1. 0
tube

loudspeaker : 6
! 0.60m
1

A stationary wave is formed with an
inside the tube.

A at each end of the tube and two antinodes

(i) State whatis meant by e of the stationary wave.

....................................................................................................................... [1]
(i) §3te tween a node and an adjacent antinode.
* 9
A g
distance = ....oeiieii e m [1]
(iii) Determine, for the sound in the tube,
1. the wavelength,
wavelength = ... m [1]

?"t.’PapaCambridge
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2. the frequency.

freqQUENCY = oo Hz [2]

(iv) Determine the minimum frequency of the sound from the loudspeaker that produces a
stationary wave in the tube.

minimum frequency = ..........cccceeeeee... @ ..... Hz [2]
b [Total: 9]

90&
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154. 9702 w17 qp 22 Q: 4

(a) State the conditions required for the formation of a stationary wave.

(b) A horizontal string is stretched between two fixed points X and Y. The string is made to vibrate
vertically so that a stationary wave is formed. At one instant, each particle of the string is at its
maximum displacement, as shown in Fig. 4.1.

string

20m 6 i
Fig. 4.1 0
P and Q are two particles of the string. The string vi h a frequency of 40Hz. Distance

XY is 2.0m.

(i) State the number of antinodes in the@@ta\/e.
eumber S e e [1]

(ii) Determine the minimum ti n for the particle P to travel from its lowest point to its

highest point. 0

&

*

timetaken = ... s [2]
(iii) State the phase difference, with its unit, between the vibrations of particle P and of
particle Q.

phase difference = ... 1]

?‘]’PapaCambridge
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(iv) Determine the speed of a progressive wave along the string.

[Total: 8]

155. 9702_s16_qp_23 Q: 7

(a) Apparatus used to produce stationary waves on a stretched string is shown in F@.

frequency ) .
generator - light string
) [ \ pulley
—] vibrator wheel
masses
Fig.7 @
The frequency generator is switched on.
(i) Describe two adjustments tha made to the apparatus to produce stationary

waves on the string.

(ii) Describe the features that are seen on the stretched string that indicate staticnary waves
have been produced.
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(b) The variation with time t of the displacement x of a particle caused by a progressive wave R is
shown in Fig. 7.2. For the same particle, the variation with time ¢t of the displacement x caused
by a second wave S is also shown in Fig. 7.2.

4.0 I
R
3.0 -
x/cm 2.0 Y, \\ /I \\
y \ S y \
10 I \ I \
] \ \
\ \ i \
0
0/ do2 T\ o g6 1/l 08 1.0
t/s1H
1.0 \ ] .
0.0+ N A 0
-3.0
-4.0 &—\
Fig.7.2 (
1 etermine € phase dirierence petween wave ve o. Incluae an appropriate
(i) Determine the phase diff bet S. Includ iat

unit.

phase diff e@ ......................................................... (1]
inten wave R
b wave S’

(ii) Calculate the ratio

[Total: 6]
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156. 9702 _s15 qp 22 Q: 6

(a) State two differences between progressive waves and stationary waves.

(b) A source S of microwaves is placed in front of a metal reflector R, as shown in Fig. 6.1.

metal reflector R

microwave

i] microwave detector D
source
S

N} meter

Fig. 6.1
A microwave detector D is placed between R and S.
Describe

(i) how stationary waves are formed betweéeh R and'S,

Fig.6.1.

T1'i']’PapaCambridge
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(¢) The wavelength of the microwaves in (b) is 2.8cm. Calculate the frequency, in GHz, of the
microwaves.

freqUENCY = oo e GHz [3]

Cl

N

S
o’o&

90&
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157. 9702 w15 _qp 21 Q: 5

(a) A progressive wave transfers energy. A stationary wave does not transfer energy. State two
other differences between progressive waves and stationary waves.

(b) A stationary wave is formed on a stretched string between two fixed points A and B.
The variation of the displacement y of particles of the string with distance x along the string
for the wave at time t= 0 is shown on Fig. 5.1.

10
pasition, of
particlesat t =0
5
y/mm
A B
0
) 1.0 2.0
x'm1
|
-5 | .
i
Y
-10

ig. 5.1

The wave has a period o ms and a wavelength of 1.2m. The maximum amplitude of the
particles of the string is 5.0mm.

() Qngig: aw a line to represent the position of the string at =5.0ms. [2]
¢
(i) Stgjglhe p ifference between the particles of the string at x = 0.40m and
atx=0.38
phase difference = ...............ccin unit ., [1]

(ili) State and explain the change in the kinetic energy of a particle at an antinode between
t=0and f=5.0ms. A numerical value is not required.

T1'i']’PapaCambridge
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158. 9702_w15_qp_23 Q: 6

An arrangement for producing stationary waves in air in a tube that is closed at one end is shown

in Fig. 6.1.
__loudspeaker
signal  ©©
generator T
tube of
adjustable —— L
length
air—"|
- T T
Fig. 6.1
A loudspeaker produces sound waves of wavelength 0.680 m in the tube. 0

For some values of the length L of the tube, stationary waves are formed.

(a) Explain how stationary waves are formed in the tube. Py

(b) The length L is adjusted between 0.200m and 4.

() Calculate two values of L for which stationary waves are formed.

(ii) OnFig.6.
least v
e ¢

e 0
a4

*

ositions of the antinodes with an A and the nodes with an N for the
ich a stationary wave is formed.

Fig. 6.2
(1]
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9.2 Interference, twosource interference

159. 9702_s20 qp 21 Q: 4

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

..................................................................................................................................... [1]
(ii) State the principle of superposition.
..................................................................................................................................... [2]
(b) The wavelength of light from a laser is determined using the apparatus show @1
double
slit Py el

light | (\ |
el O

—_— 13.7x10‘4m

N —
Cf

1 m 1
to scale)

The light from the laser is i
The separation of the.t

ally on the plane of the double slit.
.7 x10*m. The screen is parallel to the plane of the double
screen and the double slit is 2.3 m.

A pattern of brig d dark fringes is seen on the screen. The separation of adjacent
brightj'age is4.3x103m.

oo
(i) Ce{f‘alate t ngth, in nm, of the light.

wavelength = ..o, nm [3]

?"t.’PapaCambridge
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(ii) The intensity of the light passing through each slit was initially the same. The intensity of
the light through one of the slits is now reduced.

Compare the appearance of the fringes before and after the change of intensity.

[Total: 8]

T1f]’Papa(.‘.ambridge



< APPRACAMBIIAGE. . o onrenence

160. 9702 _s20 qp 23 Q: 4

Two progressive sound waves Y and Z meet at a fixed point P. The variation with time t of the
displacement x of each wave at point P is shown in Fig. 4.1.

6
4 = wave YT
x/um Vi N / E
2 N
\
0
0 0 2.0 0ltims 4.0
e : —
N wave Z
-4
: <
Fig. 4.1
L J

(a) Use Fig. 4.1 to state one quantity of waves Y and Z that is: (\

(i) the same

(ii) different.

phase difference = .......cccooviieii i ° 1]

(d) The two waves superpose at P. Use Fig. 4.1 to determine the resultant displacement at time
t=0.75ms.

resultant displacement = ... um [1]

?‘]'PapaCambridge
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(e) The intensity of wave Y at point P is I.

Determine, in terms of I, the intensity of wave Z.

INtensity = .o [2]
(f) The speed of wave Z is 330ms™".

Determine the wavelength of wave Z.

0 [Total: 10]

T1f]’Papa(.‘.ambridge
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161. 9702_w20_qp_ 22 Q: 5

297

Microwaves with the same wavelength and amplitude are emitted in phase from two sources X
and Y, as shown in Fig. 5.1.

! path of detector
I
X r/

LILA ~a— position of central maximum
¢ B ==— position of adjacent minimum

I
I
I
Fig. 5.1 (not to scale)

pattern is detected. A central intensity maximum is located at point A and there i djacent

A microwave detector is moved along a path parallel to the line joining X and Y. An '%%!erference
intensity minimum at point B. The microwaves have a wavelength of 0.040m.

(a) Calculate the frequency, in GHz, of the microwaves.

L/

(b) For the waves arriving at point B,

(i) the path difference 0

* path difference = ... m [1]
&
(ii) the,op%ase

phase difference =

?‘]'PapaCambridge
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(c) The amplitudes of the waves from the sources are changed. This causes a change in the
amplitude of the waves arriving at point A. At this point, the amplitude of the wave arriving from
source X is doubled and the amplitude of the wave arriving from source Y is also doubled.

Describe the effect, if any, on the intensity of the central maximum at point A.

(d) Describe the effect, if any, on the positions of the central intensity maximum and the adjacent
intensity minimum due to the following separate changes.

(i) The separation of the sources X and Y is increased.

[Total: 9]
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162. 9702_m19 qp 22 Q: 5

(a) By reference to two waves, state:

(i) the principle of superposition

(b) Two coherent waves P and Q meet at a point in phase and super P has an
amplitude of 1.5cm and intensity I. The resultant intensity at the point aves meet
is 31. \

Calculate the amplitude of wave Q. :(
Q AMPItUAE = ..o cm [2]

(c) The apparatus sho .17s used to produce an interference pattern on a screen.

% 4
¢ Sser i
wa\felengt

double-slit screen

Fig. 5.1 (not to scale)

Light of wavelength 680nm is incident on a double-slit. The slit separation is a. The

separation between adjacent fringes is x. Fringes are viewed on a screen at distance D from
the double-slit.

?‘]’PapaCambridge
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Distance D is varied from 2.0m to 3.5m. The variation with D of x is shown in Fig. 5.2.

10.0

8.0
x/mm =

6.0 =

4.0+

2.0

2.0 2.5 3.0 3.5
D/m

Fig. 5.2 o
(i) Use Fig. 5.2 to determine the slit separation a.

0 - TS m [3]
(ii) The laser is now replaced @Qer laser that emits light of a shorter wavelength.
ible line to show the variation with D of x for the fringes that
[2]

[Total: 10]

On Fig. 5.2, ske
are now produ

L 2

0‘,’

L 2
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163. 9702 _s19 qp 21 Q: 5

(@) A loudspeaker oscillates with frequency f to produce sound waves of wavelength A. The
loudspeaker makes N oscillations in time t.

(i) State expressions, in terms of some or all of the symbols £, A and N, for:

1. the distance moved by a wavefront in time ¢

AIStANCE = ..o

2. timet

(ii) Use your answers in (i) to deduce the equation relating the speed v of the s@mve to
fand A.

0\
. (1]
(b) The waveform of a sound wave is displayed on th een of a cathode-ray oscilloscope
(c.r.0.), as shown in Fig. 5.1.

11.0 cm
s
1.0cm
Fig. 5.1
Determine the frequency of the sound wave.
freqUENCY = oo Hz [2]

?‘]’PapaCambridge
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(c) Two sources S, and S, of sound waves are positioned as shown in Fig. 5.2.

S

Sy

Fig. 5.2 (not to scale)

The sources emit coherent sound waves of wavelength 0.85m. A sound detecéor is moved

parallel to the line S,S, from a point X to a point Y. Alternate positions of maxi oudness

L and minimum loudness Q are detected, as illustrated in Fig. 5.2.
Distance S,X is equal to distance S,X. Distance S,Y is 7.40m.

®
(i) Explain what is meant by coherent waves. \

(ii) State the phase difference between the t s arriving at the position of minimum

loudness Q that is closest to point X.
phase @e ettt e e e enaeee s ° 1]
(iif) Determine the distance S,Y. :0

Q@

dISTANCE = oo m [2]

[Total: 9]
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164. 9702_ w19 _qp 21 Q:5

Aripple tank is used to demonstrate the interference of water waves.
Two dippers D1 and D2 produce coherent waves that have circular wavefronts, as illustrated in

Fig.5.1.
D1 D2
<
®
Fig. 5.1 \
The lines in the diagram represent crests. The waves have a %01‘ 6.0cm.
(@) One condition that is required for an observable inte attern is that the waves must

be coherent.

(i) Describe how the apparatus is arrang o@e that the waves from the dippers are
coherent.

......................................................................................................................... [1]

(ii) State one other condii LT be satisfied by the waves in order for the interference
pattern to be obserable

........................................................................................................ [1]

VS
(b) Light from a la
tank. Describe

e the ripple tank shines through the water onto a screen below the
ay of seeing the illuminated pattern more clearly.

T"i'.’PapaCambridge
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(c) The speed of the waves is 0.40ms™'. Calculate the period of the waves.

(d) Fig. 5.1 shows a point X that lies on a crest of the wave from D1 and midway between two
adjacent crests of the wave from D2.

For the waves at point X, state:

(i) the path difference, in cm o

(if) the phase difference.

phase difference

(e) On Fig.5.1, draw one line, at least 4¢ ng, ch joins points where only maxima of the

interference pattern are observed. [1]
0 [Total: 8]
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165. 9702_s18 qp 21 Q: 4

(a) For a progressive wave, state what is meant by
(i) the period,

(b) Fig. 4.1 shows the variation with time ¢ of the displacement x of two progressive waves P and

Q passing the same point. 0
4.0

3.0
x/mm /
2.0 yameN
/ \ /] ™
1.01H / ]
/ \ o
0
0 q 20 \ 040,, ( §0 t/s
] |
-1.0 \ wave Q
,’ \ | J \\ /1
_20 | N 4
y
-3.0
|
—4.0 :
Q Fig. 4.1
The speed of 1 0cms.
*
(i) oCaleculate ngth of the waves.
®
wavelength = ..., cm [2]

?‘]'PapaCambridge
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(i) Determine the phase difference between the two waves.

phase difference = ... ° 1]
(iii) Calculate the ratio

intensity of wave Q
intensity of wave P

(iv) The two waves superpose as they pass the same point ig. 4.1 to determine the
resultant displacement at time t = 0.45s.

dis T e mm [1]

?‘Q'PapaCambridge
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166. 9702_s18 qp_23 Q: 5

(a) State the relationship between the intensity and the amplitude of a wave.

(b) Microwaves of the same amplitude and wavelength are emitted in phase from two sources P
and Q. The sources are arranged as shown in Fig. 5.1.

P

X

|

|

|

|

|

Q :\path of detector 0
|
[
®
Fig. 5.1 \

A microwave detector is moved along a path that is parall inejoining P and Q. A series
of intensity maxima and intensity minima are detected.
When the detector is at a point X, the distance PX is nd the distance QX is 2.020 m.

The microwaves have a wavelength of 6.0cm. 0

(i) Calculate the frequency of the microw@

z freQUENCY = ..o Hz [2]

e intensity of the microwaves detected at X.

?‘]’PapaCambridge
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(iii) Describe the effect on the interference pattern along the path of the detector due to each
of the following separate changes.

1. The wavelength of the microwaves decreases.

2. The phase difference between the microwaves emitted from the sources changes to
180°.

?‘Q'PapaCambridge
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167. 9702_ w18 qp 21 Q: 4

(@) State the principle of superposition.

.............................................................................................................................................. [2]
(b) An arrangement for demonstrating the interference of light is shown in Fig. 4.1.
P
- . Q
light ————* — 5 central
wavelength —— = a bright
610nm Loy fringe
—_— e -
—_—
2.7m
double screen
slit

Fig. 4.1

The wavelength of the light is 610
is2.7m.

istance between the double slit and the screen

An interference pattern of
centres of the bright fri
Point P is the ¢
fringe, as sho

ges and dark fringes is observed on the screen. The
elled B and centres of the dark fringes are labelled D.
ular dark fringe and point Q is the centre of a particular bright
.1. The distance across five bright fringes is 22 mm.

(i) The lig ing the two slits are coherent.

nt by coherent.

?‘]’PapaCambridge
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(i) 1. State the phase difference between the waves meeting at Q.
phase difference =........cco e °

2. Calculate the path difference, in nm, of the waves meeting at P.

path difference = ..o nm

(iii) Determine the distance a between the two slits.

@.. ................................................ m [3]
(iv) A higher frequency of visible light is @ . State and explain the change to the

separation of the fringes.

(v) The intensity of incident on the double slit is now increased without altering

the appearance of the fringes after this change with their
appearance hange.

[Total: 11]
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168. 9702 _s17 qp 22 Q: 6

(a) Interference fringes may be observed using a light-emitting laser to illuminate a double slit.
The double slit acts as two sources of light.

Explain

(i) the part played by diffraction in the production of the fringes,

?’Q'PapaCambridge
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(b) Alaser emitting light of a single wavelength is used to illuminate slits S; and S, as shown in
Fig. 6.1.

A

l-screen

2.4m

P
Fig. 6.1 (not to scale) q
An interference pattern is observed on the screen AB. The separati e slits is 0.48mm.

The slits are 2.4m from AB. The distance on the screen acr \ nges is 36mm, as

illustrated in Fig. 6.2. *
16 fringes :

L

f the light emitted by the laser.

Calculate the wa

L 2

0‘,’

*

wavelength = ..o m [3]

?‘j_']'PapaCambridge
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(c) Two dippers D, and D, are used to produce identical waves on the surface of water, as
illustrated in Fig. 6.3.

~. P
7.2cm

11.2¢cm water

D,
Fig. 6.3 (not to scale)
Point P is 7.2cm from D, and 11.2cm from D,,. 0
The wavelength of the waves is 1.6cm. The phase difference betwe produced
at D, and D, is zero.

(i) State and explain what is observed at P.

(ii) State and explain the effect on the ar@i

separately,

1. the phase difference bet aves at D, and at D, is 180°,

[Total: 10]
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(a) (i) By reference tothe direction of propagation of energy, state what is meant by a transverse
wave.

...................................................................................................................................... [1]
(if) State the principle of superposition.
...................................................................................................................................... [2]
(b) Circular water waves may be produced by vibrating dippers at points P and Q, asiillustrated in
Fig. 4.1.
wavefront
P
44cm °

R\
29cm 0

Fig. 4.1 ( @
The waves from P alone have the s ude at point R as the waves from Q alone.
Distance PR is 44cm and distance C%cm.

The dippers vibrate in phase wi iod of 1.5s to produce waves of speed 4.0cms™.

(i) Determine the wv@he waves.

¥,

*

wavelength = ..o cm [2]
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(ii) By reference to the distances PR and QR, explain why the water particles are at rest at
point R.

(c) A wave is produced on the surface of a different liquid. At one particular time, the variation of
the vertical displacement y with distance x along the surface of the liquid is shown in Fig. 4.2.

1'0 [
ylcm pafin '
0.5 4 \ 7N
AY / 3
I \ N
0
0 / 2 \ 4 6 8 7l
, / ¥
-0.5 Y ’ \NEB.
r u|
1.0 [l
Fig. 4.2

(i) The wave has intensity I, at distance x = 2.@ intensity I, at x = 10.0 cm.

Determine the ratio

(ii) State the phase difference, with its unit, between the oscillations of the liquid particles at
distances x = 3.0cm and x =4.0cm.

phase difference = ......ccccciiiii i, [1]

[Total: 11]
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CHAPTER 9. SUPERPOSITION

The variation with time t of the displacement y of a wave X, as it passes a point P, is shown in

Fig. 5.1.

4.0

3.0

y/cm

2.0

yd
pd

N
AN
pd

yd

1.0

0

0 1.

N
o
N
o
~
o
[6)}
o

H
~
3
»
|
\
]

-1.0

y

-2.0

-3.0

-4.0

The intensity of wave X is I.

(a) Use Fig. 5.1 to determine the frequency of wav%

(b) A second wave Z with the s
Wave Z has intensity 2

On Fig. 5.1, sket

Show your w
D 4
* 9
*®

*

C

%uency T Hz [2]

ency as wave X also passes point P.
fference between the two waves is 90°.

tion with time ¢ of the displacement y of wave Z.

(3]
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(¢) A double-slit interference experiment is used to determine the wavelength of light emitted
from a laser, as shown in Fig. 5.2.

\J

\

laser light

double slit screen

Fig. 5.2 (not to scale)

The separation of the slits is 0.45mm. The fringes are viewed on a screen at istance D
from the double slit.

The fringe width x is measured for different distances D. The variation Wi is shown in
Fig. 5.3. *

5.0

4.0 e
x/mm =

3.0

I
I
15 25 3.0 3.5

D/m
0 Fig. 5.3

ine in Fig. 5.3 to determine the wavelength, in nm, of the laser

(i) Use the gradi
light.

S 4

o
@

*

wavelength = ..o nm [4]

317
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(ii) The separation of the slits is increased. State and explain the effects, if any, on the graph
of Fig. 5.3.

[Total: 11]
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(a) State what is meant by the diffraction of a wave.

............................................................................................................................................... [2]
(b) An arrangement for demonstrating the interference of light is shown in Fig. 4.1.
B ——
laser light —_—= - -1---9 Y dark fringe
2.0mm I
- = 0.41mm -1---9 X central bright fringe
wavelength | |
580nm 0 Z dark fringe
—_—
D
doub_le slit screen

Fig. 4.1 (not to scale)

The wavelength of the light from the laser is 580 nm. The separation of the slits is 0.41 mm.
The perpendicular distance between the double slit and the screen is D.

Coherent light emerges from the slits and an interference pattern is observed on the screen.
The central bright fringe is produced at point X. . The closest dark fringes to point X are
produced at points Y and Z. The distance XY is 2.0 mm.

(i) Explain why a bright fringe is produced at paint X.

(i) S’t%a th erence in the distances, in nm, from each slit to point Y.
VN
L 4

distance = ..., nm [1]

T1'i']’PapaCambridge
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(iii) Calculate the distance D.

(iv) The intensity of the light passing through the two slits was initially the same. The intensity
of the light through one of the slits is now reduced. Compare the appearance of the
fringes before and after the change of intensity.

[Total: 10]
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(a) Two overlapping waves of the same type travel in the same direction. The variation with
distance x of the displacement y of each wave is shown in Fig. 6.1.

3.0

y/cm

201

1.0 X

™~

-1.0 N v,

AN

-2.0

-3.0 K |
F@

The speed of the waves is 240 —@ waves are coherent and produce an interference

pattern.
@ ce and interference.

(i) Explain the meani

coherence;

(ii) Use Fig. 6.1 to determine the frequency of the waves.

frEQUENCY = oo Hz [2]
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(iii) State the phase difference between the waves.
phase difference = ......ccccceeiiiii i ° 1]
(iv) Use the principle of superposition to sketch, on Fig. 6.1, the resultant wave. [2]

(b) An interference pattern is produced with the arrangement shown in Fig. 6.2.

Syt -- N
laser Szl- ) _;0.13mm

85cm screen 0

Fig. 6.2 (not to scale)

A
Y

Laser light of wavelength A of 546 nm is incident on the slits S, a lits are a distance
0.13mm apart. The distance between the slits and the screen i

Two points on the screen are labelled A and B. The patr @ ice between S,A and S,A is
zero. The path difference between S,B and S,B is 2. a and minima of intensity of

light are produced on the screen.

() Calculate the distance AB.

7

L 2
| o "‘

(ii) The laser’s replaced by a laser emitting blue light. State and explain the change in the
distance between the maxima observed on the screen.

distance = ... m [3]

T"i'.’PapaCambridge
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173.9702_wls_qp 22 Q: 7

An arrangement that is used to demonstrate interference with waves on the surface of water is
shown in Fig. 7.1.

wooden bar A
—{dipper
\ -
to d.c. power D =
supply Q !
motor —
Ps
=D,
@

Fig. 7.1 (view from above) Q
(a) Two dippers D, and D, are connected to a motor an ower supply. Initially only D,

vibrates on the water surface to produce waves.

The variation with distance x from D, of the displ y of the water at one instant of time
is shown in Fig. 7.2.

4.0

y/mm

pd

N
pd

2.0

"

>

0

0
-2.0H

\k

vl
AN
yd

—4.0 :

*
S ?‘ Fig. 7.2

¢
Using Fig. 7.2, rmine

(i) the amplitude of the wave,

amplitude = ... mm [1]

(i) the wavelength of the wave.

wavelength = .. mm [1]
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(b) The two dippers D, and D, are made to vibrate and waves are produced by both dippers on
the water surface.

(i) State and explain whether these waves are stationary or progressive.

....................................................................................................................................... [1]
(i) Explain why D, and D, are connected to the same motor.
....................................................................................................................................... [1]
(c) The points A and B on Fig. 7.1 are at the distances from D, and D, shown in Fig. 7.3.
DA D,A DB D,B 0
5.0cm 7.0cm 5.0cm 6.0cm
Fig. 7.3

L/

State and explain the variation with time of the displacement otﬁ\\er on the surface at

i) A, 0

?‘]’PapaCambridge
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174. 9702_wl15_qp 23 Q: 2

A signal generator is connected to two loudspeakers L, and L,, as shown in Fig. 2.1.

Ce
I
Be
I
signal |M
g A Jo——cro
generator |
o & Lo

L=

Fig. 2.1

A microphone M, connected to the Y-plates of a cathode-ray oscilloscope (c.r. .@cts the
intensity of sound along the line ABC.

The distances L,A and L,A are equal.

The time-base of the c.r.o. is switched off.

L/

The traces on the c.r.o.when Mis at A, then at Bandthenat C are s N Fig.2.2, Fig. 2.3 and
Fig. 2.4 respectively.

1.0ch

AN
M at A @ MatC
Fig. 2. 0 Fig. 2.3 Fig. 2.4

For these traces, 1.0c

s 5.0mV on the vertical scale.

(a) (i) Eg(@ aves are produced by the loudspeakers.
$o

T"i'.’PapaCambridge
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(ii) Use the principle of superposition to explain the traces shown with M at

(b) The sound emitted from L, and L, has frequency 5 e time-base on the c.r.o. is
switched on.

The microphone M is placed at A. @

On Fig. 2.5, draw the trace seen on the c.r.o.

On the vertical scale, 1.0cm repres@) mV. On the horizontal scale, 1.0cm represents

0.10ms.
T
[ [T
S ¢
* 9
a4
®
1.0cmi
-
1.0cm

Fig. 2.5
3]
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9.3 Diffraction gratings
175.9702_m20 qp 22 Q:4

(a) For a progressive wave, state what is meant by:

(i) the wavelength

..................................................................................................................................... 1
(ii) the amplitude.
..................................................................................................................................... [1]
(b) A beam of red laser light is incident normally on a diffraction grating. 0
(i) Diffraction of the light waves occurs at each slit of the grating. Thedli emerging

from the slits are coherent.
Explain what is meant by:

1. diffraction

2. coherent.

(ii) The wavelength of {
maxima is 68°,

tis 650 nm. The angle between the third order diffraction
ed’in Fig. 4.1.

third order
1 diffraction maximum

'_ 680

third order

diffraction diffraction maximum

grating

Fig. 4.1 (not to scale)
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Calculate the separation d between the centres of adjacent slits of the grating.

(ili) The red laser light is replaced with blue laser light.

State and explain the change, if any, to the angle between the third order diffraction
maxima.

[Total: 9]
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176. 9702_w20_qp_23 Q: 5

(a) A sound wave is detected by a microphone that is connected to a cathode-ray oscilloscope
(CRO). The trace on the screen of the CRO is shown in Fig. 5.1.

N
W

Fig. 5.1 *

The time-base setting of the CRO is 2.0 x 105scm™.

(i) Determine the frequency of the sound wave. 0

now doubled. The frequency is unchanged. Assume
oportional to the amplitude of the sound wave.

(ii) The intensity of the sound
that the amplitude of

OnFig.51,s ew trace shown on the screen. [2]
(iii) The time-ba itched off.
en on the screen.
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(b) Abeam of light of a single wavelength is incident normally on a diffraction grating, as illustrated

in Fig. 5.2.
diffraction
grating \‘
16°

> - > zero order
light beam 16

second order

second order

Fig. 5.2 (not to scale)

Fig. 5.2 does not show all of the emerging beams from the grating. The angle between the
second-order emerging beam and the central zero-order beam is 16°. The grating has a line
spacing of 3.4 x 10%m. é

(i) Calculate the wavelength of the light.

wavelength = i m [2]

(ii) Determine the highest order of emer&%om the grating.

Q highest order = ... [2]

[Total: 9]
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177. 9702 s19 _qp 22 Q: 4
(a) For a progressive water wave, state what is meant by:

(i) displacement

(b) Two coherent waves X and Y meet at a point and superpose. The phase difference between

the waves at the point is 180°. Wave X has an amplitude of 1.2cm and intensi Wave Y
has an amplitude of 3.6cm.

Calculate, in terms of I, the resultant intensity at the meeting point.

L/

\
o

i@: .......................................................... 2]
c@fraction grating. Describe the diffraction of the
ating.

(c) (i) Monochromatic light is incident
light waves as they pass thro

?‘]'PapaCambridge
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(i) A parallel beam of light consists of two wavelengths 540nm and 630nm. The light is
incident normally on a diffraction grating. Third-order diffraction maxima are produced for
each of the two wavelengths. No higher orders are produced for either wavelength.

CHAPTER 9. SUPERPOSITION

Determine the smallest possible line spacing d of the diffraction grating.

(iii) The beam of light in (c)(ii) is replaced by a beam of blue light inci e same

diffraction grating.
State and explain whether a third-order diffraction maximuﬂ@ced for this blue

light. *

[Total: 11]
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(a) Light waves emerging from the slits of a diffraction grating are coherent and produce an
interference pattern.

Explain what is meant by:

(i) coherence

..................................................................................................................................... [1]
(ii) interference.
(b) A narrow beam of light from a laser is incident normally on a diffraction gr hown in
Fig. 5.1.
d order
Ximum spot
N 51° . zero order
laser maximum spot
lignt diffraction
grating second order
maximum spot

0 screen

not to scale)

Spots of light are seen
to each of the sec
diffraction grating

(i De?r ' gth of the light.

: Qositioned parallel to the grating. The angle corresponding

wavelength = ... m [2]
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(i) State and explain the change, if any, to the distance between the second order maximum
spots on the screen when the light from the laser is replaced by light of a shorter
wavelength.

[Total: 5]
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(@) When monochromatic light is incident normally on a diffraction grating, the emergent light
waves have been diffracted and are coherent.

Explain what is meant by

(i) diffracted waves,

....................................................................................................................................... [1]

(ii) coherentwaves.
................................................................................................................................ [1]
(b) Light consisting of only two wavelengths A, and A, is incident normally on a di grating.
The third order diffraction maximum of the light of wavelength A urth order

diffraction maximum of the light of wavelength A, are at the sam the direction of
the incident light.

(i) Show that the ratio 2 is 0.75. 0 >

A
1
Explain your working.

(2]
(ii) The differenc he two wavelengths is 170nm.
Determin Ay
*
&
*$
®
A T nm [1]
[Total: 5]
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180. 9702 w18 qp 22 Q: 5

Red light of wavelength 640 nm is incident normally on a diffraction grating having a line spacing
of 1.7 x 10~%m, as shown in Fig. 5.1.

diffraction B second order
grating \
6/ first order
zero order
incident light first order
wavelength 640 nm

second order

Fig. 5.1 (not to scale)

The second order diffraction maximum of the light is at an angle 6 to the directi & incident
light.

(@) Show that angle @is 49°. &

Q i
(b) Determine a different w @ isible light that will also produce a diffraction maximum

at an angle of 49°.

*
&

*

wavelength = ... m [2]

[Total: 5]
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(a) A diffraction grating is used to determine the wavelength of light.

(i) Describe the diffraction of light at a diffraction grating.

(ii) By reference to interference, explain

1. the zero order maximum,

2. the first order maximum.

order maximum is measured for each waveleng ariation with wavelength A of singis

shown in Fig. 5.1.

0.60 T
H
sing
0.50
0.4
S 4
&
*®
@ -
0.3
0.20
0.10
300 350 400 450 500 550
Alnm
Fig. 5.1
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(i) Determine the gradient of the line shown in Fig. 5.1.

gradient = ... [2]

(ii) Use the gradient determined in (i) to calculate the slit separation d of the diffraction
grating.

(iii) On Fig. 5.1, sketch a line to show the u@l would be obtained for the first order
maxima. < [1]

[Total: 10]

&
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(a) Light of a single wavelength is incident on a diffraction grating. Explain the part played by
diffraction and interference in the production of the first order maximum by the diffraction
grating.

Lo 131 2= T o USSR

(3]
(b) The diffraction grating illustrated in Fig. 5.1 is used with light of wavelength&

light
wavelength 486 nm

>

0 ero order -

first order —

diffraction

grating

Fig. 5.1 (not to scale)

second order

screen

The orders of th
the two seco
*

oduced are shown on the screen in Fig. 5.1. The angle between
ais 59.4°.

ines per millimetre of the grating.

CalCulatélthe n
*

number of lines per millimetre = ...........cccccoiiviiii e, mm~" [3]

[Total: 6]
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183. 9702 w16 _qp 21 Q: 5

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

(b) Laser light of wavelength 500 nm is incident normally on a diffraction grating. The resulting
diffraction pattern has diffraction maxima up to and including the fourth-order maximum.

Calculate, for the diffraction grating, the minimum possible line spacing.

<

N
0&

line SPacing =fui i i m [3]

[Total: 7]

?‘]’PapaCambridge



“aPPapagambridge

184. 9702 w16 _qp 23 Q:5

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

(b) Laser light of wavelength 500nm is incident normally on a diffraction grating. The resulting
diffraction pattern has diffraction maxima up to and including the fourth-order maximum.

Calculate, for the diffraction grating, the minimum possible line spacing.

<

N
‘O‘

line spacing = ..

[Total: 7]
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(a) State what is meant by diffraction and by interference.

Lo 1111 7= 11 (o] o FERNUURTR T TR TTTR

(b) Light from a source S, is incident on a diffraction grating, as illustrated in Fig. 6.1.
diffraction

light grating
S, +& ———————— zero order

Fig. 6.1 (not to scale) q
The light has a single frequency of 7.06 x 10'*Hz. The diffract\ has 650 lines per

millimetre.

zero order.

Calculate the number of orders of diffracted light produa@&rating. Do not include the
Show your working. &
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