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01 (@) Explain the principle of superposition.

For
Examiner's
------------------------------------------------------------------------------------------------------------------------------------------ Use
...................................................................................................................................... [2]
(b) Sound waves travel from a source S to a point X along two paths SX and SPX, as
shown in Fig. 5.1.
N
(i) State the phase difference betw ese X for this to be the position of
1. aminimum,
phase difference = ... i UNIt e [1]
2. amaximum.
phase difference = ... unit oo, [1]
(i) The frequency of the sound from S is 400Hz and the speed of sound is 320ms-1.
Calculate the wavelength of the sound waves.
wavelength = ..o m [2]
(iii) The distance SP is 3.0m and the distance PX'is 4.0m. The angle SPX is 90°.
Suggest whether a maximum or a minimum is detected at point X. Explain your
answer.
.............................................................................................................................. [2]
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0 2 (a) (i) By reference to the direction of propagation of energy,

state what is meant by a transverse
wave.

...................................................................................................................................... [1]
(i) State the principle of superposition.
...................................................................................................................................... [2]
(b) Circular water waves may be produced by vibrating dippers at points P and Q, as illustrated in
Fig. 4.1.
wavefront
Pe
44cm
*R
29cm
Q'

Fig. 4.1 (not to scale)

The waves from P alone have the same amplitude at point R as the waves from Q alone.
Distance PR is 44cm and distance QR is 29cm.

The dippers vibrate in phase with a period of 1.5s to produce waves of speed 4.0cms™.

(i) Determine the wavelength of the waves.

wavelength =

© UCLES 2016 9702/22/F/M/16 — ¢




13
(i) By reference to the distances PR and QR, explain why the water particles are at rest at
point R.
...................................................................................................................................... [3]
(¢) 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
y/cm FaAREL
0.5 /
AY
J \
0
0P 2 4 6 8 10 Hdx /emA]
/ y
-0.5 / N
N\ =~
4
-1.04£
Fig. 4.2
() The wave has intensity I, at distance x = 2.0cm and intensity I, at x=10.0 cm.
- Determine the ratio
intensity I,,
intensity I,
A0 = oo [2]
- (i) 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 = ........cccocueeveeeeceeeececcceeee e (1]

[Total: 11]
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0 3 An arrangement that is used to demonstrate interference with waves on the surface of water is

shown in Fig. 7.1.

wooden bar

Sy

to d.c. power

supply Q

motor

&

water

(@) Two dippers D, and D, are conne¢ ed'to x:gﬂptor and a d.c. power supply. Initially only D,

o
a

vibrates on the water surface to prodii

7, S b
The variation with distance x from D, of the displacemen

is shown in Fig. 7.2.

y of the water at one instant of time

4.0
y/mm N /TN AN
20 A\ £ \\ A
\ s AR \ \
\ / ]
0
0 \-H 10 20 30 40 0
90 a a x/mm
\ Il ‘\ /
-4.0
Fig. 7.2
Using Fig. 7.2, determine
(i) the amplitude of the wave,
amplitude = ... mm [1]
(i) the wavelength of the wave.
wavelength = ..o mm [1]
© UCLES 2015 9702/22/0/N5 -7




15

(b) The two dippers D, and D, are made to vibrate and waves are produced by both dippers on
the water surface.

() 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.
D,A D,A D,B D,B
5.0cm 7.0cm 5.0cm 6.0cm

© UCLES 2015 9702/22/0/N/15 [Turn over




0,4 (a) State the principle of superposition.

For
Examiner’s
Use

.................................................................................................................................... [2]
(b) Coherent light of wavelength 590 nm is incident normally on a double slit, as shown in
Fig. 6.1.
double
slit screen
AI
-—-———+—..._ _____ -
coherent light
P S —
wavelength 590 nm A mm 4 P
———— e - )
°|
I 2.6m "

Fig. 6.1 (not to scale)

The separation of the slits A and B |s14mm
Interference fringes are ob: ervedona @reegplagggk parallel to the plane of the double slit.

. The distance between the screen and the'd slitis 2.6 m.
At point P on the screen, thep%%ﬁdnff@r%ehége is'zero'for light arriving at P from the slits A
and B.
(i) Determine the separation of bright fringes on the screen near to point P

- separation = .........coiiiiiiiieee, mm [3]

© UCLES 2010 9702/23/0/N/10 26




11
(ii) The variation with time of the displacement x of the light wave arriving at point P on the For
screen from slit A and from slit B is shown in Fig. 6.2a and Fig. 6.2b respectively. Examiner's
Use
x/ 3
arbitrary
units 5
// \\ /, \\
,/ \\ ,/ \‘
1 y .
\ /. 74
0 \ /. \
0 /I time :E:
A / \
-1 v 4
\\ / \\ ,/
\\ /, \\ /,
-2
wave from slit A
-3 A
Fig. 6.2a
x/ 2 5 T I
arbitrary e ittt
. ; JUETTN
0 7 '
0 \ Seann e I time I
5 vave from slit B
1. State the phase“difference between waves fo rming the dark fringe on the
screen that is next to point P.
phase difference = .................cccoooviieeiie, ° 1]
2. Determine the ratio
intensity of light at a bright fringe
intensity of light at a dark fringe
ratio = .o, [3]
© UCLES 2010 9702/23/0/N/10 [Turn over



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

.................................................................................................................................... [2]
(b) Plane wavefronts are incident on a slit, as shown in Fig.5.1.
slit
L
Complete Fig. 5.1 to show four wavefronts that have emerged from the slit. 2]

© UCLES 2010 9702/21/0/N/10 .- ¢~
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13
(c) Monochromatic light is incident normally on a diffraction grating having 650 lines per . .,
millimetre, as shown in Fig. 5.2. Examiner's
Use
third order
second order
first order
monochromatic :
light — zero order
_ first order
grating
second order
third order
Fig. 5.2
An image (the zero order) is obserf\}/g‘d for- §fiﬁiihat has an angle of diffraction equal to
zero. JAc
For incident light of wavelength 59@n &é*férmine the number of orders of diffracted
light that can be observed on each side “ﬂ'ig zero order
NUMbBEr = ..., [3]
(d) The images in Fig. 5.2 are viewed, starting with the zero order and then with increasing
order number.
State how the appearance of the images changes as the order number increases.
.................................................................................................................................... [1]
© UCLES 2010 9702/21/0/N/10 [Turn over
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01 Fig. 6.1 shows wavefronts incident on, a

nd emerging from, a double slit arrangement.

Fig. 6.1

The wavefronts represent successive crests of the wave. The line OX shows one direction
along which constructive interference may be observed.

(a) State the principle of superposition.

© UCLES 2004
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13 For

Examiner's
(b) On Fig. 6.1, draw lines to show e

() a second direction along which constructive interference may be observed (label
this line CC),

(ii) a direction along which destructive interference may be observed (label this line
DD).

[2]
(c) Light of wavelength 650 nm is incident normally on a double slit arrangement. The

interference fringes formed are viewed on a screen placed parallel to and 1.2 m from the
plane of the double slit, as shown in Fig. 6.2.

screen
» I
> _____
light of - I .
wavelength 650 nm
— -
<> |
54 -
not to scale
The fringe separation is 0.
(i) Calculate the separation a of the slits.
separation = .......ccoeeveeiiieieieeenn m [3]

© UCLES 2004 9702/02/M/J/04 [Turn over




14 For

Examiner's

(i) The width of both slits is increased without changing their separation a. State the vee

effect, if any, that this change has on

1. the separation of the fringes,

...................................................................................................................................

A

© UCLES 2004 9702/02/M/J/04




0 2 (a) Explain the term interference. For

Examiner’s
Use

..........................................................................................................................................

..........................................................................................................................................

(b) Aripple tank is used to demonstrate interference between water waves.

Describe

() the apparatus used to produce two sources of coherent waves that have circular
wavefronts,

(i) how the pattern of interfering waves may be observed.

..................................................................................................................................
..................................................................................................................................

..................................................................................................................................

© UCLES 2011 9702/21/M/J111~F [Turn over




16

(c) A wave pattern produced in (b) is shown in Fig. 7.1.

- For
Examiner’s
Use
Fig. 7.1
Solid lines on Fig. 7.1 represent crests.
On Fig. 7.1,
(i) draw two lines to show where maxima would be seen (label each of these lines
. with the letter X), (1]
(i) draw one line to show where minima would be seen (label this line with the letter N).
[1]

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every
reasonable effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the
publisher will be pleased to make amends at the earliest possible opportunity.

University of Cambridge International Examinations is part of the Cambridge Assessment Group. Cambridge Assessment is the brand name of University of
Cambridge Local Examinations Syndicate (UCLES), which is itself a department of the University of Cambridge.
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0 3 (@) 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
yl/cm
2.0 << = S -
413 A / / \\
1.0 \ \
Y, / A A
\ \
i \ \
\ y, Y,
\
7/ Vi
O A
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
\ \ x/m 147
\ \ / :
/|
\ \ A
_1 .0 \
........... :: ,)

-2.0 NS
-3.0 ; -

Fig. 6.1

The speed of the waves is 240ms~". The waves are coherent and produce an interference
pattern.

() Explain the meaning of coherence and interference.

CONBIGIMEES wcomsmniss it sensmn s sssmstons omsuss s s500mes’s 52555 5 3-mmmes s s s oo YA B B e e

...........................................................................................................................................

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

frequency = ..o, Hz [2]
© UCLES 2015 9702/23/MIJ/15~ ¢,




13
(iii)) State the phase difference between the waves.
phase difference = ..........ocooveooeeoeoeoee °[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.

B
S1 - - -
0.13mm a
laser S2|_ o §
. 85cm g screen

Fig. 6.2 (not to scale)

Laser light of wavelength A of 546 nm |§ incident on the slits S, and S,,. The slits are a distance
0.13mm apart. The distance between \ﬁe sht 5:and the screen is 85 cm

difference between S;A and S,A is
Maxima and minima of mtensny of

Two points on the screen are Iabef{ed |
zero. The path difference between S an
light are produced on the screen.

1 A
(i) Calculate the distance A‘B.»%w b

diStANCE = .o m [3]

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

...........................................................................................................................................

© UCLES 2015 9702/23/M/J115 [Turn over




04 (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,

...........................................................................................................................................

....................................................................................................................................... [2]
(ii) the reason why a double slit is used rather than two separate sources of light.
....................................................................................................................................... [1]

© UCLES 2017 9702/22/IMIINT — ¢




13

(b) Alaser emitting light of a single wavelength is used to illuminate slits S,and S, as shown in

Fig. 6.1.

-
Sy --1-
laser
- 0.48 mm
light S, --1-
o
24m

A

L -Screen

Fig. 6.1 (not to scale)

An interference pattern is observed on the screen AB. The separation of the slits is 0.48 mm.
The slits are 2.4m from AB. The distance on the screen across 16 fringes is 36 mm, as

illustrated in Fig. 6.2.

16 fringes

o

U

Calculate the wavelength of the light emitted by the laser.

© UCLES 2017

Fig. 6.2

wavelength = ..., m [3]
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14

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

water

Fig. 6.3 (not to scale)

Point P is 7.2cm from D, and 11.2cm from D..

The wavelength of the waves is 1.6cm. The phase difference between the waves produced
at D, and D, is zero.

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

(i) State and explain the%@effecﬁtgéahs the an _ rto (c)(l) ffif the apparatus is changed so that,
separate'y, . Bt ashet.sabu@iam: .

1. the phase difference between the waves at D, and at D, is 180°,

2. the intensity of the wave from D, is less than the intensity of that from D,,.

....................................................................................................................................

[Total: 10]

© UCLES 2017 9702/22/MIJT7




0 5 (a) State one difference and one similarity between longitudinal and transverse waves.

QI TN, ..o e

(2]
(b) A laser is placed in front of two slits as shown in Fig. 6.1.
slits
laser 0.35mm
screen
Fig. :6:\13"'(*|§tof'tb éb’ale)
The laser emits light of wavelength 6.3 x 107" m.
The distance from the slits to the screen is 2.5m. The separation of the slits is 0.35mm.
An interference pattern of maxima and minima is observed on the screen.
() Explain why an interference pattern-is observed on the screen.
....................................................................................................................................... [2]
(ii) Calculate the distance between adjacent maxima.
distance = ... m [2]

(c) State and explain the effect, if any, on the distance between adjacent maxima when the laser
is replaced by another laser emitting ultra-violet radiation.

© UCLES 2014 9702/22/0/N/14 —C
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0 & (a) State what is meant by the diffraction of a wave.

laser light -1---9 Y dark fringe
2.0mm 1 _ '
wavelength -*---49 Xcentral bright fringe
>80nm $ 7 dark fringe
D
double slit screen

Fig. 4.1 (not to scale)

The wavelength of the Ilght from the laser.is 580nm. Th@ separation of the slits is 0.41 mm.
The perpendicular distance between ble slit and the screenis D.

2 pattern is observed on the screen.

Coherent light emerges fram the slit
: “losest dark fringes to point X are

The central bright fringe
produced at points Y and Z.

dan Jmerferenc

...........................................................................................................................................
...........................................................................................................................................

(ii) State the difference in the distances, in nm, from each slit to point Y.

AISTANCE = i nm [1]

© UCLES 2016 9702/22/0IN/16 = 4




11

(iii) Calculate the distance D.

D= oo m [3]
(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.
.................................................... [2]
[Total: 10]
© UCLES 2016 9702/22/0IN/16 [Turn over




0 1 A signal generator is connected to two loudspeakers L, and L,, as shown in Fig. 2.1.

Coe

signal
generator |

$¢_ L,

Fig. 2.1

A microphone M, connected to the Y-plates of a cathode-ray oscilloscope (c.r.0.), detects 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.

The traces on the c.r.o. when M.is.at.A,.then.at.B.and.then.at.C are shown on Fig. 2.2, Fig. 2.3 and
Fig. 2.4 respectively.

1.0ch - / mER S T
M at A MatB Mat C
Fig. 2.2 Fig. 2.3 Fig. 2.4

For these traces, 1.0cm represents 5.0mV on the vertical scale.

(@ () Explain why coherent waves are produced by the loudspeakers.

...........................................................................................................................................

...........................................................................................................................................

© UCLES 2015 9702/23/0/N/15 9




7

(ii) Use the principle of superposition to explain the traces shown with M at

1. A
....................................................................................................................................... [1]
2. B
....................................................................................................................................... [1]
3. C
.............................................................................................................. [1]

(b) The sound emitted from L, and Il_*zf, «fg\,_‘_(,fé\ncy 50QHz. The time-base on the c.r.o. is

switched on.

The microphone M is placed %tﬁi

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

On the vertical scale, 1.0cm represents 5.0mV. On the horizontal scale, 1.0cm represents
0.10ms.

1.0ch

1.0cm

Fig. 2.5
[3]

© UCLES 2015 9702/23/0IN/15 [Turn over




For
Examiner’s

0 8 (@) Fig. 5.1 shows the variation with time t of the displacement y of a wave W as it passes a e
point P. The wave has intensity 1.

Y
/ v ™ \\ // A » \
\
0 >
\ t
: v, wave W
A second wave X of the same frequ as Wi (’ "ve W alsé passes point P.
This wave has intensity 31 The ph@i&éﬁjjéi > between the two waves is 60°.
On Fig. 5.1, sketch the variation wuth““ﬂm ‘tof the dxsplac;gement y of wave X. [3]
(b) In a double-slit interference e p"é’fnm r@; e ”ﬂ‘i?avfelength 540nm, the separation
of the slits is 0.700mm. The frin eg iewed on.a sc’reén at a distance of 2.75m from
the double slit, as illustrated in Fxg 5.2 (not to scale).

coherent light

0.700 mm
wavelength 540 nm

| N

| 275 m screen

Fig. 5.2

© UCLES 2007 9702/02/0IN/07 — 5~




13 For

Examiner's
2 . Use
Calculate the separation of the fringes observed on the screen.

SeParallon = .:cowmsismmas e s mm [3]

(c) State the effect, if any, on the appearance of the fringes observed on the screen when
the following changes are made, separately, to the double-slit arrangement in (b).

(i) The width of each slit is increased but the separation remains constant.

© UCLES 2007 9702/02/0/N/07 [Turn over




09 A double-siit interference experiment is set up using'coherent red light as illustrated in

Fig. 5.1.
double slit
coherent 7
red light I 0.86 mm

screen

o

24m

Fig. 5.1 (not to scale) ’
The separation of the slits is 0.86 mm.
The distance of the screen from the double slit is 2.4 m.
A series of light and dark fringes is observed on the screen.

(@) State what is meant by coherent light.

..........................................

..........................................

(b) Estimate the separation of

Separation = ..........cccoeeeviveiiiienen,

(c) Initially, the light passing through each slit has the same intensity.
The intensity of light passing through one slit is now reduced.
Suggest and explain the effect, if any, on the dark fringes observed on the screen.

..........................................................................................................................................

..........................................................................................................................................

....................................................................................................................................

© UCLES 2009 9702/22/M/J109_~ 5
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10

Two sources S, and S, of sound are situated 80cm apart in air, as shown in Fig. 5.1.

100cm

r
|
|
I
|
80cm {
|
I
|
I
1

Fig. 5.1

The frequency of vibration can be varied. The two sources always vibrate in phase but have
different amplitudes of vibration.

A microphone M is situated a distance-100cm.from.S.-along-a line that is normal to S,S,.

As the frequency of S, and S, is gradually mcroased the microphone M detects maxima and
minima of intensity of sound. Vv ’

(a) State the two conditions tﬁat must be satisfied for the intensity of sound at M to be
Zero. '

R R R R TR R TR

..........................................................................................................................................

(b) The speed of sound in air is 330ms-".

The frequency of the sound from S, and S, is increased. Determine the number of
minima that will be detected at M as the frequency is increased from 1.0kHz to 4.0kHz.

number A —————————— [4]

For
Examiner's
Use

© UCLES 2009 9702/21/IM1J/09 5~ [Turn over




1 1 (@ Apparatus used to produce interference fringes is shown in Fig. 6.1. The apparatus is
not drawn to scale.

two slits
\ B bright fringe
— P dark fringe
LASER &A= \}p——"——-——————= C bright fringe

screen

Fig. 6.1 (not to scale)

Laser light is incident on two slits. The laser provides light of a single wavelength.
The light from the two slits produces a fringe pattern on the screen. A bright fringe is
produced at C and the next bright fringe is at B. A dark fringe is produced at P.

() Explain why one laser.and.two.slits.are used,.instead of two lasers, to produce a
visible fringe pattern on the screep .

....................................................................................................... [1]
aves that meet at
IMre

(1]

2. Poeennnneene b ST [1]
(iii) 1. State the principle of superposition.

............................................................................................................................. [2]
2. Use the principle of superposition to explain the dark fringe at P.
............................................................................................................................. [1]

© UCLES 2011 9702/22/MIJN1- kb
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(b) In Fig. 6.1 the distance from the two slits to the screen is 1.8m. The distance CP is

F
2.3mm and the distance between the slits is 0.25mm. Exam(;rrler’s
Calculate the wavelength of the light provided by the laser. Use

wavelength = .........ccccoeveeeeiiie e, nm [3]

© UCLES 2011 9702/22/M/1J111




1 2 (a) Alaseris used to produce an interference pattern on a screen, as shown in Fig. 6.1. For

Examiner's
Use
S b P2
laser light -
wavelength 630 nm ” 0.450mm
. - [ screen
double slit™ 1.50m

Fig. 6.1 (not to scale)

The laser emits light of wavelength 630 nm. The slit separation is 0.450 mm. The distance
between the slits and the screen is 1.50m. A maximum is formed at P, and a minimum
is formed at P,.

Interference fringes are observed only when the light from the slits is coherent.

() Explain what is meant by coherence.

(iv) Calculate the fringe separation.

fringe separation = ............ccccovvviiicciccie e m [3]

© UCLES 2012 9702/21/MIN2—¢ [Turn over
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(b) State the effects, if any, on the fringes when the amplitude of the waves incident on the
double slits is increased.

..........................................................................................................................................
..........................................................................................................................................

..........................................................................................................................................

e

s

© UCLES 2012 9702/21/M1J112
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] 3 (a) State three conditions required for maxima to be formed in an interference pattern

) For
produced by two sources of microwaves. Examiner's
Use
B s e s o o o AR e A SBI A ARSI 3 et e AR 8 PR S B £
@5 (s w1 i i o SR AR GRS WS X3 S SRS SRS SR
B et

..........................................................................................................................................

(b) A microwave source M emits microwaves of frequency 12 GHz. Show that the wavelength
of the microwaves is 0.025m.

(3]

(c) Two slits S, and S, are placed in front of the microwave source M described in (b), as
shown in Fig 5.1.

microwave
detector

Fig. 5.1 (not to scale)

The distances S,0 and S,0 are equal. A microwave detector is moved from O to P. The
distance S,P is 0.75m and the distance S,P is 0.90m.

© UCLES 2013 9702/21/M/JN3 - 5~




1

The microwave detector gives a maximum reading at O. For

Examiner's
State the variation in the readings on the microwave detector as it is moved slowly along | Use
the line from O to P,

..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................

..........................................................................................................................................

(d) The microwave source M is replaced by a source of coherent light.

State two changes that must be made to the slits in Fig. 5.1 in order to observe an
interference pattern.

\
\
|
© UCLES 2013 9702/21/M/J/13 [Turn over




1 L, Alaseris placed in front of a double slit, as shown in Fig. 7.1.

4
<
P----; -
q
q
double slit q
-
laser q 12mm
q
q
q
Qd----1-
§>bright fringes
E_ 2.8m > \screen

s are observed on the screen.

........................................................................................................

...................................................................................................................................................
...................................................................................................................................................
...................................................................................................................................................

...................................................................................................................................................

(b) Show that the wavelength of the light is 450 nm.

(2]

© UCLES 2014 9702/22/IM/JN4~F
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(c) The separation of the maxima P and Q observed on the screen is 12mm. The distance
between the double slit and the screen is 2.8 m.

Calculate the separation of the two slits.

SODATATION = sones s sacyoniss samunuss asasminns s smsostea s swsoresss 5 emess m [3]

(d) The laser is replaced by a laser emitting red light. State and explain the effect on the
interference fringes seen on the screen.

© UCLES 2014 9702/22/M/J/14
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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

7
AN
—

1.0

|
|
1

"
AN

freqQUeNCY = i Hz [2]

(b) A second wave Z with the same frequency as wave X also passes point P.
Wave Z has intensity 21. The phase difference between the two waves is 90°.

On Fig. 5.1, sketch the variation with time t of the displacement y of wave Z.

Show your working.

(3]

© UCLES 2016 9702/21/M/J/I16 — 5~ [Turn over
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(c) A double-slit interference experiment is used to determine the wavelength of light emitted
from a laser, as shown in Fig. 5.2.

\

Y

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 a distance D
from the double slit.

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

5.0

4.0
x/mm

3.0

1.0

1.5 2.0 2.5 3.0 3.5
D/m

Fig. 5.3

(i) Use the gradient of the line in Fig. 5.3 to determine the wavelength, in nm, of the laser
light.

wavelength = ... nm [4]

© UCLES 2016 9702/21/M/J/16
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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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0 1 The wave nature of light may be demonstrated using the phenomena of diffraction and

. For
interference. Examiner's
Use
Outline how diffraction and how interference may be demonstrated using light.
In each case, draw a fully labelled diagram of the apparatus that is used and describe
what is observed.
diffraction
interference
(6]
© UCLES 2009 9702/21/0/N/09 =5~ € [Turn over
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(ii) Describe and explain, qualitati )Iely the variation in the frequency of the sound heard by
the observer.

...........................................................................................................................................
...........................................................................................................................................
...........................................................................................................................................

e e e b L g R L T LT g TS

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

...................................................................................................................................................

(b) Laser light of wavelength 500nm is mmdem,normally on a diffraction grating. The resulting
diffraction pattern has dlffractlon ma”‘ -up-to-and mcludlng the fourth-order maximum.

Calculate, for the dlffractlotj gratmgi}, he'm :A,Imum possxbie line spacing.

liNe SPacing = ........ccocevveviieiieiicecece e m [3]
(c) The lightin (b) is now replaced with red light. State and explain whether this is likely to result
in the formation of a fifth-order diffraction maximum.

[Total: 7]
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0 3 (a) gxplain what is meant by the diffraction of a wave.

...............................................................................................................................

(b) (i) Outline briefly an experiment that may be used to demonstrate diffraction of a
transverse wave.

(i) Suggest how your experimer in- 'agj};iis;ezf@héngeq to demonstrate the diffraction
of a longitudinal wave. '

..................................................................................................................................

..................................................................................................................................

© UCLES 2008 9702/02/0/N/08 — [Turn over
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0 4 (a) Describe the diffraction of monochromatic light as it passes through a diffraction grating. For

Examiner’s
---------------------------------------------------------------------------------------------------------------------------------------- Use

(b) White light is incident on a diffraction grating, as shown in Fig. 4.1.

spectrum (first order) —
white light

I white (zero order) —

diffraction

5 spectrum (first order) —
grating

screen

' Fig. 4.1 (not to scale)

The diffraction pattern formed on the Screen has white light, called zero order, and
coloured spectra in other orders.

() Describe how the principle of superposition is used to explain

1. white light at the zerngrﬁér’ )

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

© UCLES 2012 9702/21/0/N12 = Y
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(ii) Light of wavelength 625 nm produces a second-order maximum at an angle of 61.0°

Fo
to the incident direction. Examirrwer’s
Determine the number of lines per metre of the diffraction grating. Use

number of iNeS = .......c.coovveevreeeee e m~1 [2]

(iii) Calculate the wavelength of another part of the visible spectrum that gives a
maximum for a different order at the same angle as in (ii).

S

T

© UCLES 2012 9702/21/0/N/12 [Turn over
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(@) In order that interference between waves from two sources may be observed, the waves
must be coherent.

Explain what is meant by

(i) interference,

(b) Red light of wavelength 644 nm is incident normally on a diffraction grating having 550
lines per millimetre, as illustrated in Fig. 4.1.

diffraction
grating

1%t order, wavelength A
1t order, wavelength 644 nm

incident light
zero order

e

wavelengths 644 nm
and 4

1%t order, wavelength 644 nm
" 1% order, wavelength 1

Fig. 4.1

Red light of wavelength 1 is also incident normally on the grating. The first order
diffracted light of both wavelengths is illustrated in Fig. 4.1.

© UCLES 2006 9702/02/0/N/06 - ¥
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(i) Calculate the number of orders of diffracted light of wavelength 644 nm that are
visible on each side of the zero order.

(ii) State and explain

number =

1. whether A4 is greater or smaller than 644 nm,

..................................

wavelengths.

......................................

in which order of diffracte light-ther

............................

§
5

...............................................

© UCLES 2006

9702/02/0/N/06
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(b) Light of wavelength 590 nm is incident at right angles to a diffraction grating having
5.80x 10° lines per metre, as illustrated in Fig. 4.3.

grating
% » N"u" ,E
incidentlight - N
wavelangth 580 nm - ‘
2 “ ¥ firet order image
. 1.50m -l
Fig.4.3
A screen is placed parallel to and 1.50 m from the grating. Calculate
() the spacing, in um, of the lines of the grating,
SPACING = ...t pm

(i) the angle 6 to the original direction of the light at which the first order diffracted
image is seen,

9702/2/0/IN03 — L/

For
Examiner’s
Use




13 ~ For

Examiner’s

(iii) the minimum length L of the screen so that both first order diffracted images may e
be viewed at the same time on the screen.

9702/2/0/N03 [Turn over




0 6 (a) Explain what is meant by the diffraction of a wave.

..........................................................................................................................................

(b) Light of wavelength 590 nm is incident normally on a diffraction grating having 750 lines
per millimetre.
The diffraction grating formula may be expressed in the form
dsin@ = nA.

(i) Calculate the value of d, in metres, for this grating.

(ii) Determine the maximum value of i

CLA

Infernating
Mok

maximum value of = ..........c.ocoooiiiiei e, [2]

© UCLES 2005 9702/02/M/J/05 ~ 5
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(iii) Fig. 5.1 shows incident light that is not normal to the grating.

diffracted
light

incident

light \‘\i
\,\
\

AV

™~ grating

Fig. 5.1

Suggest why the diffraction grating formula, d'sind = nA, should not be used in this
situation.

...................................................................................................................................

(c) Light of wavelengths 590 nm and 595 nm is now incident normally on the grating.
Two lines are observed in the first order spectrum and two lines are observed in the
second order spectrum, corresponding to the two wavelengths.
State two differences between the first order spectrum and the second order spectrum.

© UCLES 2005 9702/02/M/J/05 [Turn over
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Q7T (a State whatis meant by the diffraction of a wave. For

Examiner’s
Use

(b) A laser produces a narrow beam of coherent light of wavelength 632nm. The beam is
incident normally on a diffraction grating, as shown in Fig. 4.1.

diffraction
gratng I
laser lignt || ..
wavelength 632 nm ||l P [76cm
L T N (V.
| AR . screen

Fig. 4.1

Spots of light are observed on_a screen. placed parallel to the grating. The distance
between the grating and the screen is 165cm.

The brightest spot is P. The SpOtS formed cfosest to P and on each side of P are X
andy. Wi

X andY are separated by % distanc §
Calculate the number of lines-per-metre-on.-the-grating.-
NUMDEr PEr MErE = ..ottt [4]

© UCLES 2010 9702121MII1Q. [Turn over
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(c) The grating in (b) is now rotated about an axis parallel to the incident laser beam, as For

shown in Fig. 4.2. Examiner's
Use

diffraction diffraction

\( grating \( grating
\
laser m laser N §

light I light -
%
before rotation after rotation
Fig. 4.2

State what effect, if any, this rotation will have on the positions of the spots P, X and Y.

L
B . T £

..........................................................................................................................................

(d) In another experiment usmg the apparatus in (b) a student notices that the distances
XP and PY, as shown in Fig. 4.1, are'n jal.
Suggest a reason for this dlfferen(; , Syt cor

------------------------------------------------------------------------------------------------------------------------------------------

© UCLES 2010 9702/21/M/3/110




0 & (@) State what is meant by diffraction and by interference.

diffraction:

.................................................................................................................................
...................................................................................................................................................
..............................................................................................................................

...................................................................................................................................................

3]
(b) Light from a source S, is incident on a diffraction grating, as illustrated in Fig. 6.1.
diffraction
light grating
S, F---=-=---- zero order

Fig. 6.1 (not to scale)

The light has a single frequency of 7.06 x 10'*Hz. The diffraction grating has 650 lines per
millimetre.

Calculate the number of orders of difffacted ight produced by the grating. Do not include the
zero order.
Show your working.

NMUMDET = ottt e e e v ee e e e e eerenaeaas [3]

(c) A second source S, is used in place of S;. The light from S, has a single frequency lower
than that of the light from S,,.

State and explain whether more orders are seen with the light from S,,.

...................................................................................................................................................

© UCLES 2015 9702/21/MIJIN5 — ¢




0 9 (a) Adiffraction grating is used to determine the wavelength of light.

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

...........................................................................................................................................

....................................................................................................................................... [2]
(ii) By reference to interference, explain
1. the zero order maximum,
2. the first order maximum.
(3]

(b) A diffraction grating is used with different wavelengths of light. The angle 6 of the second
order maximum is measured for each wavelength. The variation with wavelength A of sin @ is
shown in Fig. 5.1.

0.60
sinéd el o

0.50

0.40 - &

0.30 u A

0.20

0.10

300 350 400 450 500 550
Alnm
Fig. 5.1

© UCLES 2017 9702/23/M/IJNT —~ 5
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() Determine the gradient of the line shown in Fig. 5.1.

gradient = ... [2]

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

(o RN SO m [2]

(iiff) On Fig. 5.1, sketch a line to show the results that would be obtained for the first order
maxima. (1]

[Total: 10]
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