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I Question 1 — Mark Scheme

9702/COMP Cambridge International AS & A Level — Mark Scheme March 2021
PUBLISHED
Question Answer Mark

4(a) (two or more) waves meet (at a point) B1

(resultant) displacement is the sum of the individual displacements B1

4(b)(i) it is a (wave) reflector /it reflects (the wave) B1

4(b)(ii) |v=fiorc="fA C1

f =3.0x108/0.040 c1

=7.5x10°(Hz)

=7.5x10°/10° (GHz)

=7.5GHz A1

A(b)iii) |1 distance =0.020m A1

2 number=5 A1
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I Question 2 — Mark Scheme

Question Answer Mark

5(a) fo=fov/i(v+Vs) C1

fo=951x330/(330 + 12)

= 918 Hz A1
5b) |t=d/12 c1
= (nx2.4)/12
=0.63s A1
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I Question 3 — Mark Scheme

Question Answer | Marks
4(a) distance moved by wavefront/energy during one cycle/oscillation/period (of source) B1
%rinimum distance between two wavefronts
girstance between two adjacent wavefronts
4(b) v=AIT c1
or
v=fiand f=1/T
T=460x 10°/3.00 x 108 c1
=15x10"%s A1
4(c) waves pass through/enter the slit(s) B1
waves spread (into geometric shadow) B1
4(d)(i) | ni=dsing C1
G=sing /4 A1
d=4/G
4(d)(ii) straight line from 400 nm to 700 nm that is always below printed line M1
straight line has smaller gradient than printed line and is 5 small squares high at wavelength of 700 nm A1
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I Question 4 — Mark Scheme

9702/22 Cambridge International AS & A Level — Mark Scheme May/June 2021
PUBLISHED
Question Answer Marks
4(a) time for one oscillation/vibration/cycle B1
tci,rl;we between adjacent wavefronts (passing the same point)
@ time between two wavefronts (passing the same point)
4(b) (when two or more) waves meet/overlap (at a point) B1
(resultant) displacement is sum of the individual displacements B1
4(c)(i) microwave(s) B1
4(c)(ii) v=AIT c1
or
v=fl and f=1/T
T=0.040/3.00 x 10% c1
=1.33x 1070 (s) A1
=1.33x1079/107"2 (ps)
=130ps
4(c)(iii) |(1.380-1.240)/0.040=3.5 A1
or
1.380/0.040-1.240/0.040=3.5
4(c)(iv) | phase difference = 1260° or 180° A1
4(cHv) (always) zero A1
4(c)(vi) |increase in distance between (adjacent intensity) maxima/minima A1
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I Question 5 — Mark Scheme

9702/23 Cambridge International AS & A Level — Mark Scheme May/June 2021
PUBLISHED
Question | Answer Marks
4(a) (when two or more) waves meet/overlap (at a point) B1
(resultant) displacement is sum of the individual displacements B1
4(b) intensity - amplitude? c1
maximum intensity = 9I A1
4(c)i) |x =iD/a C1
= (550 x 102 x 1.2)/(0.35 x 107) C1
=1.9x10°m A1
4(c)(ii) | red light has longer wavelength (than 550 nm) so distance (between fringes) increases B1
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I Question 6 — Mark Scheme

9702/21 Cambridge International AS & A Level — Mark Scheme October/November 2021
) | PUBLISHED |
Question Answer Marks
4(a) oscillations (of particles) are parallel to (the direction of) energy transfer B1
4(b)(i) | (frequency varies as) vehicle moves relative to (stationary) observer C1
(vehicle) moving towards (observer) gives higher (observed) frequency (than 1.2 kHz) and (vehicle) moving away (from A1
observer) gives lower (observed) frequency (than 1.2 kHz)
4(b)(ii) | Doppler effect B1
4(b)(iii) | position of vehicle labelled X" at top (12 o'clock) position on track B1
4(b)(iv) | position of vehicle labelled Y" at right-hand edge (3 o’clock) position on track B1
4(c) maximum frequency = 1.40 (kHz) or 1.40 x 10° (Hz) Cc1
1.40=(1.2x320)/(320-v) C1
v=46ms-' A1
or
minimum frequency = 1.05 (kHz) or 1.05 x 10° (Hz) (C1)
1.05=(1.2x320)/(320 + v) (C1)
v=46ms~’ (A1)
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I Question 7 — Mark Scheme

Question Answer Marks
5(a) a (much) louder sound can be heard B1

5(b) V=1 c1

A =340/530 c1

(=064 m)
height =0.64/4 A1
=0.16m
5(c) distance =0.64/2 or 0.16 x2 or (% x 0.64 — % x 0.64) A1
=0.32m
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I Question 8 — Mark Scheme

9702/22 Cambridge International AS & A Level — Mark Scheme October/November 2021
PUBLISHED
Question Answer Marks
4(a)(i) | decrease(s) B1
4(a)(ii) | increase(s) B1
4(b) fo =fvi(v+ ) c1
=925 % 338/(338 + 12)
=893 Hz A1
4(c) distance = (2 x2x12)+(2x 12) C1
(=36 m)
time taken = 36/338 A1
=0.11s
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I Question 9 — Mark Scheme

9702/23 Cambridge International AS & A Level — Mark Scheme October/November 2021
PUBLISHED
Question Answer Marks
5(a) maximum displacement (of a point/particle on string/wave) B1
5(b) v=AIT c1
or
v=fl and f=1/T
T =690 x10-9/3.00 x 108 c1
=23x10"%s A1
S5(c)(i) |A=ax/D c1
G=xI/D A1
(so)a=A/G
5(c)(ii) | straight line from origin always below printed line M1
line is half the height of printed line at maximum D A1
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I Question 10 — Mark Scheme

Question Answer Marks
5(a)(i) (two) waves travelling (at same speed) in opposite directions overlap B1
waves (of the same type) have same frequency/wavelength B1
5(a)(ii) | phase difference =0 Al
9v02/22 Cambridge International AS & A Level — Mark Scheme February/March 2022
PUBLISHED
Question Answer Marks
5(b)(i) | fo=fsv/v-vs c1
543 =fx 334/(334-13)
f=522Hz A1
5(b)(ily | (the speed is) decreasing B1
B(c)(i) | I A® B1
It/ In = cos? 20° or At/ Ao = cos 20° c1
ratio = 0.94 A1l
S(c)(ii) | angle = 140° A1
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I Question 11 — Mark Scheme

9702/21 Cambridge International AS & A Level — Mark Scheme May/June 2022
PUBLISHED
Question Marks
5(a) wave(s) (travel along string and) reflect at fixed point/A/B/end B1
incident and reflected waves superpose / interfere B1
&r/o waves travelling / with speed in opposite directions superpose / interfere
5(b) line has an approximate sinusoidal shape with maximum downward displacement at P and zero displacement at each node B1
5(c) v=AaIT c1
or
v=fiand f=1/T
A =35x0.040 or 35/25 c1
(=1.4m)
distance=1.4 x 25 A1
=35m
5(d) (number of periods /cycles) (=t/T) =0.060/0.040 C1
(=15)
amplitude =72/6 A1
=12mm
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I Question 12 — Mark Scheme

9702/22 Cambridge International AS & A Level — Mark Scheme May/June 2022
PUBLISHED
Question Answer Marks
5(a) constant phase difference (between the waves) B1
5(b)(i) path difference = 1.5 x 660 A1
=990 nm
5(b)(ii) phase difference = 360° x 1.5 A1
= 540°
5(c) A=ax/D c1
x= (660 x 10° x 1.8)/0.44 x 10732 c1
=27 x10%m A1
5(d) bright fringes are brighter B1
no change to dark fringes B1
no change to (fringe) separation/ (fringe) spacing B1
5(e) (blue light has) shorter wavelength M1
(so) decrease (slit) separation A1
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I Question 13 — Mark Scheme

9702/23 Cambridge International AS & A Level — Mark Scheme May/June 2022
PUBLISHED
| Question Answer Marks
5(a)(i) power = intensity x area C1
=1.3 x 10% x (m x 0.0552) A1
=12W
5(a)(ii) intensity = power/ area Al

=12/ (n x 0.00152)

=1.7 x 10°Wm™
5(b)(i) (A=)viforc/f C1
(A=)3.0 x108/3.7 x 10" = 8.1 x 108 (m) A1
5(b)(ii) ultraviolet Al
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9702/23 Cambridge International AS & A Level — Mark Scheme May/June 2022
PUBLISHED
Question Answer Marks

5(b)(iii) | dsin @=nA or (1/N)xsin 8=n2 C1

d =1/2400 x 10°(m) C1
=4.2x107(m)
or
N = 2400 = 10 (m™)
n=4.2x107 xsin 80°/8.1 x 10°® or sin 90°/2400 x 10° x 8.1 x 10 B1
n=52o0r5.1
or
whenn=5, 6=76.4° and when n=6, siné > 1
(so)n=5
number of maxima = (2 x 5) + 1 A1
=11

5(b)(iv) | the wavelength has increased M1

(so) number of maxima decreases Al
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I Question 14 — Mark Scheme

9702/21 Cambridge International AS & A Level — Mark Scheme October/November 2022
PUBLISHED
Question Answer Marks
4(a)(i) oscillations are in a single direction, which is perpendicular to the direction of propagation (of the wave) B1
ggcillations are in a single plane, which contains the direction of propagation (of the wave)
4(a)(ii) | light waves are transverse and sound waves are longitudinal B1
4(b) I=Iycos?é c1
cos? d=1/4 so cos 6=1/2 C1
g=60° or 120° or 240° or 300°
angle of rotation = (120° - 90°) or (240° —90°) or (300° —90°%) A1
=30° or 150° or 210° or 330°
4(c)(i) the waves have different amplitudes B1
cannot have resultant displacement that is always zero B1
germnot have (complete) destructive interference (at nodes)
?art nodes resultant) amplitude is the difference of the amplitudes
4(c)(ii) | I« A? c1
A2/ Ad? = (In/4)/ I c1
A=0.5A
maximum amplitude = Ap + 0.5 Ap A1
=1.5A0
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I Question 15 — Mark Scheme

9702/23 Cambridge International AS & A Level — Mark Scheme October/November 2022
PUBLISHED
Question Answer Marks
4(a)(i) circles drawn around any two particles with seven (uncircled) particles in between A1
4(a)(ii) | curve has an initial negative displacement and initial amplitude same as original curve B1
curve has same amplitude as original curve throughout B1
curve has same wavelength as original curve throughout, with constant (non-zero) phase difference B1
4(a)(iii) | (to the) right/rightwards A1
4(b) A=2x0.19 c1
=0.38m
v =fi c1
v =(16 x 10%) « 0.38 A1
v=6100ms’
4(c) | = A? c1
I=(1/2¢ I A1
intensity = 0.25 I
4(d)(i) same frequency / wavelength / period B1
4(d)(ii) | e a stationary wave has nodes/antinodes (and a progressive wave does not) B2
+ a stationary wave does not transfer/propagate energy (and a progressive wave does transfer/propagate energy)
s different points on a stationary wave have different amplitudes (and all points on a progressive wave have the
same/constant amplitude)
+ stationary wave has adjacent particles that are in phase (and adjacent particles on progressive wave are out of phase)
Any two points, 1 mark each. Allow the reverse statement for each marking point.
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I Question 16 — Mark Scheme

9702/21 Cambridge International AS & A Level — Mark Scheme October/November 2022
PUBLISHED
Question Answer Marks
4(a)(i) oscillations are in a single direction, which is perpendicular to the direction of propagation (of the wave) B1
g;cillations are in a single plane, which contains the direction of propagation (of the wave)
4(a)(ii) | light waves are transverse and sound waves are longitudinal B1
4(b) I = Iycos?8 c1
cos? #=1/4 so cos §=1/2 c1
g=60° or 120° or 240° or 300°
angle of rotation = (120° - 90°) or (240° —90°) or (300° —90°) A1
=30° or 150° or 210° or 330°
4(c)(i) the waves have different amplitudes B1
cannot have resultant displacement that is always zero B1
g;nnot have (complete) destructive interference (at nodes)
‘(:gt nodes resultant) amplitude is the difference of the amplitudes
4(c)(ii) | I A? c1
A2l A = (In/4)/ I c1
A=05A0
maximum amplitude = Ap + 0.5 Ao A1
=154,
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I Question 17 — Mark Scheme

9702/22 Cambridge International AS & A Level — Mark Scheme October/November 2022
PUBLISHED
Question Answer Marks
5(a) (they travel in) opposite directions B1
5(b)(i) straight line from A to B, labelled P B1
line that is ‘mirror image’ of given line, labelled Q B1
5(b)ii) |2=0.80/2 C1
(=0.40m)
v=4IT C1
or

v=fland f=1/T

v=0.40/0.016 or 62.5 x0.40 A1
=25ms™

5(c)(i) Ii /Iy = cos? 30° C1

=0.75 A1

5(c)(ii) | /Iy = cos? 80° C1

L /Iy =cos? 30° « cos? 60° or 0.75 » cos? 60°

=0.19 A1
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I Question 18 — Mark Scheme

9702/23 Cambridge International AS & A Level — Mark Scheme October/November 2022
PUBLISHED .
Question Answer Marks
4(a)(i) circles drawn around any two particles with seven (uncircled) particles in between A1
4(a)(ii) | curve has an initial negative displacement and initial amplitude same as original curve B1
curve has same amplitude as original curve throughout B1
curve has same wavelength as original curve throughout, with constant (non-zero) phase difference B1
4(a)(iii) | (to the) right/rightwards A1
4b) | 1=2x019 c1
=0.38 m
v="ri c1
v=(16 x 10%) « 0.38 A1
v=6100ms™
4(c) | = A2 c1
I=(1/2)%L A1l
intensity = 0.25 I
4(d)(i) same frequency / wavelength / period B1
4(d)(ii) |« a stationary wave has nodes/antinades (and a progressive wave does not) B2
« a stationary wave does not transfer/propagate energy (and a progressive wave does transfer/propagate energy)
« different points on a stationary wave have different amplitudes (and all points on a progressive wave have the
same/constant amplitude)
« stationary wave has adjacent particles that are in phase (and adjacent particles on progressive wave are out of phase)
Any two points, 1 mark each. Allow the reverse statement for each marking point.
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I Question 19 — Mark Scheme

9702/22 Cambridge International AS & A Level — Mark Scheme February/March 2023
PUBLISHED _
Question Answer Marks
5(a)(i) | period or T=1/5000 (=2 « 10*s) c1
time-base setting= 1.5« 2« 104/6.0 or 2 » 10#/4.0 A1l
=5 10°scm™
5(a)(ii) new trace drawn with same period as original trace B1
new trace drawn with amplitude greater than 1.0 cm M1
new trace drawn with amplitude of 1.7 cm A1
5(b)(i) path difference (from slits to P) is zero or phase difference (between waves at P) is zero (so constructive interference) B1
5(b)(ii) A=ax/D c1
D =(3.6 %10 % 4.0 x 107%)/630 » 1077 c1
=2.3m A1
3(c) upward sloping straight line starting from a non-zero value of x at 2 = 400 nm B1
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I Question 20 — Mark Scheme

9702/21 Cambridge International AS & A Level — Mark Scheme May/June 2023
PUBLISHED
Question Answer Marks
5(a)(i) infrared B1
S(a)(ii) |v=flor c=fi C1
f=3.0x10%/84x10° A1
= 3.6 x 103 (Hz)
=36 THz
5(b)(i) constant phase difference (between the waves) (with time) B1
S(b)ii) |A=ax/D C1
x=22/8 or 2.75(mm) or 22 x102/8 or 2.75 x 103 (m) C1
a=(6.2x107x2.8)/(22x102/8) A1
=6.3x10%*m
5(c)(i) | difference in distances = 6.2 x 107/2 A1
=31x10"m
5(c)(ii) phase difference = 360° A1l
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I Question 21 — Mark Scheme

9702/22 Cambridge International AS & A Level — Mark Scheme May/June 2023
PUBLISHED _
Question Answer Marks
5(a)(i) (they are) perpendicular B1
5(a)(ii) (they are) parallel B1
5(b)i) | A=v/f c1
=340/1700 A1
=0.20m
S(b)(I) L= 3 x )= 3 x 0.20 Al
4 4
=0.15m
5(b)(iii) | A=4x0.15 or 0.20 x 3 A1
=0.60m
5(c)(i) (I'=)8.5xcos?35° =57 (Wm?2) A1
S(c)(ii) | 5.2=57cos?é c1
(6=17°)
a=35"+17° A1
=52°
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I Question 22 — Mark Scheme

Question Answer | Marks
4(a) the number of wavefronts/crests/troughs passing a fixed point per unit time B1
gwre number of oscillations per unit time (of source / point on wave / particle of medium)
4(b)(i) T=4x0.50x1073 C1
(=2.0x10735s)
f=1/20x1073 A1
=500Hz
4(b)(ii) amplitude = 2.8 x 0.20 A1
=0.56V
4(c) period same as original trace B1
sinusoidal wave of constant amplitude less than 2.8 cm throughout M1
amplitude 1.4 cm A1
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9702/23 Cambridge International AS & A Level — Mark Scheme May/June 2023
PUBLISHED
Question Answer Marks
4(d)(i) when (two or more) waves meet (at a point) B1
(resultant) displacement is the sum of the individual displacements B1
4(d)(ii) node-to-node separation is Ai/2 C1
?nricrophone moves through 3 node-to-node separations
g'r: 1.54
A=105/15 A1
=0.70m
4(d)(iir) v=Ffx A C1
=500 x0.70 A1
=350ms™
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I Question 23 — Mark Scheme

9702/21 Cambridge International AS & A Level — Mark Scheme October/November 2023
PUBLISHED
Question Answer Mark
d(a) (when two or more) waves meet/ overlap (at a point) B1
(resultant) displacement is the sum of the individual displacements B1
4(b) A=ax/D c1
A=[(0.65 % 107%) % (1.7 x 10%)]/1.9 c1
4A=58x10"m A1
4(c)(i) | waves are out of phase by a quarter of a cycle / period B1
\?\Len one wave has maximum/minimum displacement, the other wave has zero displacement
4(c)(ii) (statement 2 is) not correct (because) B1
waves do not have phase difference of 180°/ not in antiphase
g;e wave has some displacement when other has no displacement
tc;'ure displacements of the waves are not always equal and opposite
4(d) more diffraction (of light'waves by slits) B1
rightfwaves are more spread (by slits)
ﬁgll-htfwaves (from slits) have less intensity
more (bright/dark) fringes B1
g:ight fringes are less bright / are dimmer / have lower intensity
g; change to fringe spacing/separation/width
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I Question 24 — Mark Scheme

9702/21 Cambridge International AS & A Level — Mark Scheme October/November 2023
PUBLISHED
Question Answer Mark
5(a) sketch: approximately horizontal line above horizontal dashed line fromt=0tot=t A1l
and

approximately horizontal line below horizontal dashed line fromt=ttot=t

5(b) I=PJ/A c1

A =7+x0.0282 or 7x2.82 C1

(=246 » 1073 or 24.6)

P=47«10%%246 <1073 A1

=12 x10°W
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I Question 25 — Mark Scheme

9702/22 Cambridge International AS & A Level — Mark Scheme October/November 2023
| PUBLISHED

Question Answer Marks
5(a)(i) light intensity has maximum value at 0°, 180°, 360° and zero intensity at 90°, 270° M1
‘sinusoidally-shaped’ curve A1
5(a)(ii) |4.2=7.6cos?d c1
6= 42° A1
5(b) wave passes (through) an aperture B1

or

wave passes (by/through/around) an edge

wave spreads (into geometrical shadow) B1
5(c)(i) | ni=dsing c1
d =(3x43x107)/sin68° A1
=14x10"m
5(c)(ii) [1.4x10%xsin68°=2x 1 c1
or

3x43x107=2x4

A=65x10"m A1
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I Question 26 — Mark Scheme

9702/23 Cambridge International AS & A Level — Mark Scheme October/November 2023
PUBLISHED
Question Answer Marks
5(a)(i) cross labelled Y drawn: B1

at any position where wavefronts cross
or
centrally in a ‘diamond’ shape formed between any adjacent wavefronts from A and B

5(a)(ii) | cross labelled Z drawn on a wavefront from one source at a point midway between adjacent wavefronts from the other B1
source

S(b)(i) |A=ax/D c1

a =(29x10°x140)/(1.2x1072) C1

=0.34m A1

5(b)(ii) | infrared A1
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I Question 27 — Mark Scheme

Question Answer

Marks

6(a) 291 = 251 x 340/ (340-vs)) c1
Vs =47 ms™ A1
B6(b)(i) |IxA? B1
6(b)(ii) | sketch: line starts at (1.0, 1.0) B1
approximately straight line drawn with negative gradient and line ends at (4.0, 0.25) B1
© UCLES 2023 Page 10 of 12
I Question 28 — Mark Scheme
Question Answer Marks
5(a) vibrations / oscillations (of the particles / wave) are perpendicular to the direction (of the propagation of energy) B1
5(b) infrared B1
5(c) T=6x50x10"1 C1
T=3.0=10"
h=ecT or r=cl/fandf=1/T c1
7.=3.0x102%x3.0«10" or  1=3.0=x10%/3.33 x 10" A1l
=9.0x10%m
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I Question 29 — Mark Scheme

9702/22 Cambridge International AS & A Level — Mark Scheme February/March 2024
PUBLISHED
Question Answer Marks

B(a)(i) Any three from: B3

s Light diffracts at the (two) slits.

« Light (from each slit) meets / superposes (at the screen).

* When the phase difference is 0 (degrees) a bright fringe / (intensity) maximum is formed.
» When the phase difference is 180 (degrees) a dark fringe / (intensity) minimum is formed.

6(a)(i) |2=ax/D C1
L=12x102%(10.2 x102/6)/3.1 C1
L=6.6x10"m A1

6(a)(iii) | (new fringe separation will be) smaller B1

6(b)(i) | A cross at the intersection of the string and the mean position line. B1

e(b)(ii) |0 A1

6(b)(iii) | 180° A1
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I Question 30 — Mark Scheme

9702/21 Cambridge International AS & A Level — Mark Scheme May/June 2024
| PUBLISHED
Question Answer Marks
5(a) wave(s) (travel along string and) reflect at fixed point/wall / Q/end /vibration generator /P B1
incident and reflected waves superpose B1
5(b) 0.80m A1
5(c) same wavelength as original throughout and passing through intersection of solid and dashed lines B1
reflected in dashed line and of same amplitude B1
5(d) 180° A1
5(e) v=1fi and f=1/T C1
or
v=AaIlT
v =6.25x0.80 or 0.80/0.16 A1
=5.0ms™!
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I Question 31 — Mark Scheme

9702/22 Cambridge International AS & A Level — Mark Scheme May/June 2024
_ PUBLISHED
| Question Answer Marks
6(a) ni=dsing C1
n =(3.8x10-° x sin 90°)/ (520 x 10-?) c1
(=73)
number of bright fringes formed = 15 (given as an integer) A1
6(b)(i) | (frequency of red light is) less (than frequency of original light) B1
6(b)(ii) | (red light has) longer wavelength M1
(so) number (of bright fringes formed) is less / fewer (bright fringes are formed) A1
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I Question 32 — Mark Scheme

9702/23 Cambridge International AS & A Level — Mark Scheme May/June 2024
PUBLISHED
Question Answer Marks
4(a) 270° A1
4(b) arrow pointing vertically downwards at T A1
4(c) v="12 C1
or
v=4/T and f=1/T
wavelength =0.62 x 102 x (4/3) c1
(=0.83 x 102m)
f=0.27/(0.83 x 10-2) A1
=33Hz
4(d) resultant displacement is the sum of the displacements of the waves (from S; and S,) B1
or
waves (from S; and S) superpose (at P)
Any one point from: B1
« (at P)the waves (from the two sources) (always) destructively interfere
« (at P)the waves have a path difference that is (always) an odd number of half-wavelengths / their path difference is one
and a half wavelengths
« (at P)the waves have a phase difference that is (always) 180°/ they are in antiphase / crest of one wave meets trough
of other wave
amplitude (of the resultant wave) is zero (at all times) B1
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I Question 33 — Mark Scheme

9702/21 Cambridge International AS & A Level — Mark Scheme October/November 2024
_ PUBLISHED

Question Answer Marks
6(a)(i) | for maximum intensity, waves must be in phase (at detection) B1
(phase difference at source means) waves are not in phase / have a 90° phase difference at O B1

6(a)(ii) | point B labelled on the line PQ below O M1
distance OB = distance OA A1

6b)i) |v=~f1 C1
A=(3.00 x 108)/(2.5 % 10"°) = 0.012m A1

6(b)(ii)) | Ax =0.012/4 A1

=0.0030m
6(b)(iii) | A=ax/D C1
distance =D/a=0.012x2.3/0.18 A1
=0.15m

9702 Physics e Units 7 & 8: Waves and Superposition e Mark Scheme

Page 35 of 48


https://examspath.com/

Waseem Ahmad | A Level Physics Teacher e Author, Practical Mastery: Paper 3

examspath.com

I Question 34 — Mark Scheme

Question Answer Marks
4(a) longitudinal waves have oscillations parallel to the (direction of) transfer of energy B1
transverse waves have oscillations perpendicular to the (direction of) transfer of energy B1
4(b)(i) | A marked at the open end of the pipe B1
4(b)(ii) |f=vIA c1
A=4x45x107 c1
f=340/(4 x4.5x10?) A1
=1900 Hz

4(b)(iii) | the node—antinode distance is longer M1

:i)’]re wavelength (of the wave) is longer
(the speed of sound is constant so) the frequency (of the wave) is lower A1
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I Question 35 — Mark Scheme

9702/23 Cambridge International AS & A Level — Mark Scheme October/November 2024
PUBLISHED
Question Answer Marks

5(a)(i) | cross labelled N marked at the intersection of the solid and dashed lines or at X or Y B1
grllgs labelled A marked at a peak or a trough

S(a)(ii) | (XY is 1.5 wavelengths, so) wavelength=048 x (2/3)=0.32m B1
R»:'avelength is twice node—node distance so) 1/2=0.48/3=0.16 m and wavelength=0.16 x 2=0.32m

5(a)(iii) | v=f2 c1
frequency =1400/0.32 A1

=4400Hz

S(b)(i) | f=rfv/(v-vs) c1
f, = (780 x 320)/ (320 — 39)
maximum frequency = 890 Hz A1

5(b)(ii) | line showing fvarying both above and below a mean frequency and returning to the original start value of F B1
a single cycle of a smoothly oscillating curve of correct phase (starting at mean position, falling to a trough, then rising to a B1
peak, ending at mean position)
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Question 36
Question Answer Marks
4(a) (micro)wave (from the transmitter) reflects (at metal/sheet) B1
The incident and reflected waves superpose B1
(resultant) amplitude is maximum at an antinode B1
(resultant) amplitude is minimum/zero at a node B1
4(b)(i) |42 =c/f Cc1
=3x108/6.3 x 10°
=0.048m A1
4(b)(ii) | distance PQ= "2 A1
=0.048/4
=0.012m
9702/22 Cambridge International AS & A Level — Mark Scheme February/March 2025
PUBLISHED
Question Answer Marks

4(b)(iii) | (Distance QR is the) same (as PQ) and one of: B1
+ Distance (between maxima/ minima) does not depend on intensity
s distance depends only on wavelength
* wavelength is unchanged / constant
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I Question 37 — Mark Scheme

Question Answer Marks
S(a) T=58x50x10"* c1
=2.9 x 103
A =vlorv=flandf=1/T Cc1
A =330x29x1030or 1=330/345 A1
=0.96 m
5(b) (loudspeaker) moves away (from the microphone) B1
at an increasing speed / whilst accelerating B1
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I Question 38 — Mark Scheme

Question Answer | Marks
4(a) (when two or more) waves meet/overlap (at a point) B1
(resultant) displacement is sum of the individual displacements B1
4(b)(i) | Fringe width, x=3.2x 107/8 C1
=4.0x 10 (m)
D =ax/i C1
=(4.0x10°x0.16 x1073)/7.2 x 1077
=0.89m A1
9702/21 Cambridge International AS & A Level — Mark Scheme May/June 2025
PUBLISHED _
Question Answer Marks
4(b)(ii) | Curved line with a negative gradient of decreasing magnitude throughout, from slit separation 0.04 mm to 0.16 mm B1
Line of negative gradient ending at (0.16, 0.4), from slit separation 0.04 mm B1
Line of negative gradient passing through (0.08, 0.8) and (0.04, 1.6) B1
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I Question 39 — Mark Scheme

Question Answer Marks
5(a) wavelength: B1
« wavelength = distance between successive / adjacent in phase points / wavefronts / crests / troughs
« A =d/(number of) oscillations
frequency:
« frequency = (number of) oscillations / cycles crests/ troughs / wavefronts (passing a point) per unit time
e f=(number of) oscillations / ¢
One correct point from either list
One correct point from both lists and B1
speed = distance /time and
one of:
« wavelength x frequency (= distance per unit time) = speed
* [(number of) oscillations / t ] x [d/ (number of) oscillations] = fi
o v(=d/ty=A/(UH="fror
vEd/ih=AIT=1
5(b)(i) T=4x1073 c1
f=1/T=1/0.004
f=250Hz A1l
9702/21 Cambridge International AS & A Level — Mark Scheme May/June 2025
PUBLISHED
Question Answer Marks
5b)(ii) |fo=Ffv/(v—vs) c1
250 =236 x v/ (v-20)
v = (250 x 20)/ (250 — 236)
=360ms™ A1
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I Question 40 — Mark Scheme

Question | Answer | Marks
3(a) 10.0cm A1
3b)i) |v = C1
=16 x0.40
=64ms” A1
3(b)(i) | (Xand Y have a) constant phase difference (of 180°) so (they are) coherent B1
3(c) A single wave of amplitude 10.0 cm B1
A single negative sine wave of wavelength 0.40 m B1
3d) | I A C1
I—X =10%/20?
Y
ratio = 0.25 A1
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I Question 41 — Mark Scheme

| Question | Answer | Marks
5(a) sound waves are longitudinal / not transverse (and only transverse waves can be polarised) B1
5(b)(i) A periodic curve of at least one period with minimum 0 and maximum I B1
Smooth continuous sinZa curve B1
Peaks at 90° and 270° and troughs at 0, 180° and 360° B1
5(b)(il) | Ioc A2 c1
I=1Iycos?6 C1
At = 20° the angle between the planes of polarisation of light and filter is 70° (or 110°) c1

I=Iycos* 70 or I =1;cos? 110

(I=0.12 L)
amplitude = 0.34 Ao A1
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I Question 42 — Mark Scheme

9702/23 Cambridge International AS & A Level — Mark Scheme May/June 2025
PUBLISHED
Question Answer Marks
6(a) wave passes (through) an aperture and spreads B1

or
wave passes (by / through / around) an edge and spreads

8(b)i) |v=F1 c1
f=3.00 x 10°/720 x 107 A1

=4.2 % 10" Hz
6(b)(i) | d=nA/sin@ c1
d=(2x 720 x 10°9)/sin26 c1
(= 3.3 % 10 m) A1

number of lines perm =1/(3.3 x 107°)

=3.0x10°m™

60X |5 327202 or %sin 26 =3\ 3

0x

A =480nm A1
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I Question 43 — Mark Scheme

9702/24 Cambridge International AS & A Level — Mark Scheme May/June 2025
PUBLISHED
Question Answer Marks
4(a)(i) (a wave that) transfers / propagates energy B1
4(a)(ii) | distance=n4 B1
timet=n/f B1
4(a)(iii) | (v=distance/time) B1
(vi=nil(n/fyso(v)=fi
4(b)(i) | f=3x10%/4x107 C1
=7.5x10° (Hz)
=7.5x10°/10° (GHz)
=7.5GHz A1
4(b)(ii) _ | A1
(difference in path lengths, XQ-YQ) =| 72% +30% |2 —=72=6 (cm)
Or calculate angle Q using tan and then cos to obtain XQ of 78 (A1)
tang=30/72s0 =226
XQ=72/c0os22.6=78(cm)
path difference 78 -72=6 (cm)
Or calculate angle X using tan and then cos to obtain XQ of 78 (A1)
tang=72/30 so =674
XQ=72/sin67.4=78 (cm)
path difference 78 -72=6 (cm)
4(b)(iii) | path difference (= 6em/4em) =154 M1
(so) phase difference (at Q) = 540° or 180° M1
(so) intensity is minimum A1
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PUBLISHED
Question Answer Marks
4(b)(iv) | amplitude changes from maximum (at P) to minimum (at Q) Cc1
amplitude changes from maximum (at P) to minimum to maximum to minimum (at Q) A1
Question 44
9702/21 Cambridge International AS & A Level — Mark Scheme October/November 2025
PUBLISHED
Question Answer Marks
4(a) wave passing through gap / aperture B1
(wave) spreads (out) B1
4(b)(i) | ni=dsing c1
6=sin-1[(540 x 10-9) /(5.0 x 10-6)] =6.2° A1
4(b)(ii) | #=12° A1
4(b)(iii) | peaks/maxima shown at 6=0, +6° and +12° B1
peaks / maxima and zero intensity in between B1
central peak / maxima at intensity Jo and the other peaks all equal to or less than Io B1
4(c) peaks / maxima all at the same angles (as before) B1
intensity (of all peaks / maxima) halved B1
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I Question 45 — Mark Scheme

9702/22 Cambridge International AS & A Level — Mark Scheme October/November 2025
PUBLISHED
Question Answer Marks
4(a) light diffracts / spreads (at slit(s)) B1
light (from each slit) superposes / interferes (at screen) B1
when phase difference is 0 / path difference is ni (where n is an integer) a bright fringe is formed B1
\?vLen phase difference is 180(°)/ path difference is (n+1)4/2 (where nis an integer) a dark fringe is formed
4(b) A=ax/D c1
A=10x102x3.3x10-2/4.38 c1
(=6.875 % 107" m)
f=vli c1
=3.0x108/6.875 x 107 A1
=4.4x10"Hz
4(c) the light / heams (have different frequencies so) are not coherent / do not have constant phase difference B1
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I Question 46 — Mark Scheme

9702/24 Cambridge International AS & A Level — Mark Scheme October/November 2025
PUBLISHED
Question Answer Marks
4(a) when two (or more) waves meet M1
(resultant) displacement equals the sum of the displacements of the (two separate) waves A1
4(b)(i) | the incident and reflected waves superpose B1
(the waves superpose so that the resultant) amplitude is maximum at an antinode B1
(the waves superpose so that the resultant) amplitude is minimum / zero at a node B1
4(b)(ii) |c=f1 (o
f=(3.00 x 10%)/0.026 A1
=1.2x10"0Hz
4(b)(iii) | microwave B1
4(b)(iv) | distance=0.026/4 A1
=6.5x103m
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