
N21/4/PHYSI/HP2/ENG/TZ0/XX/M 

15 pages 

Markscheme 

November 2021 

Physics 

Higher level 

Paper 2 

www.brilliantlearning.in



© International Baccalaureate Organization 2021

All rights reserved. No part of this product may be reproduced in any form or by any electronic or mechanical means, including information 
storage and retrieval systems, without the prior written permission from the IB. Additionally, the license tied with this product prohibits use of any 
selected files or extracts from this product. Use by third parties, including but not limited to publishers, private teachers, tutoring or study 
services, preparatory schools, vendors operating curriculum mapping services or teacher resource digital platforms and app developers, whether 
fee-covered or not, is prohibited and is a criminal offense.

More information on how to request written permission in the form of a license can be obtained from https://ibo.org/become-an-ib-school/ib-
publishing/licensing/applying-for-a-license/.

© Organisation du Baccalauréat International 2021

Tous droits réservés. Aucune partie de ce produit ne peut être reproduite sous quelque forme ni par quelque moyen que ce soit, électronique ou 
mécanique, y compris des systèmes de stockage et de récupération d’informations, sans l’autorisation écrite préalable de l’IB. De plus, la 
licence associée à ce produit interdit toute utilisation de tout fichier ou extrait sélectionné dans ce produit. L’utilisation par des tiers, y compris, 
sans toutefois s’y limiter, des éditeurs, des professeurs particuliers, des services de tutorat ou d’aide aux études, des établissements de 
préparation à l’enseignement supérieur, des fournisseurs de services de planification des programmes d’études, des gestionnaires de 
plateformes pédagogiques en ligne, et des développeurs d’applications, moyennant paiement ou non, est interdite et constitue une infraction 
pénale.

Pour plus d’informations sur la procédure à suivre pour obtenir une autorisation écrite sous la forme d’une licence, rendez-vous à l’adresse 
https://ibo.org/become-an-ib-school/ib-publishing/licensing/applying-for-a-license/.

© Organización del Bachillerato Internacional, 2021

Todos los derechos reservados. No se podrá reproducir ninguna parte de este producto de ninguna forma ni por ningún medio electrónico o 
mecánico, incluidos los sistemas de almacenamiento y recuperación de información, sin la previa autorización por escrito del IB. Además, la 
licencia vinculada a este producto prohíbe el uso de todo archivo o fragmento seleccionado de este producto. El uso por parte de terceros —lo 
que incluye, a título enunciativo, editoriales, profesores particulares, servicios de apoyo académico o ayuda para el estudio, colegios 
preparatorios, desarrolladores de aplicaciones y entidades que presten servicios de planificación curricular u ofrezcan recursos para docentes 
mediante plataformas digitales—, ya sea incluido en tasas o no, está prohibido y constituye un delito.

En este enlace encontrará más información sobre cómo solicitar una autorización por escrito en forma de licencia: https://ibo.org/become-an-ib-
school/ib-publishing/licensing/applying-for-a-license/.

– 2 – N21/4/PHYSI/HP2/ENG/TZ0/XX/M 

www.brilliantlearning.in



– 3 – N21/4/PHYSI/HP2/ENG/TZ0/XX/M 

Question Answers Notes Total 

1. a 
= =21

2
H gt« » 4.9 «m» 

Accept other methods as area from 
graph, alternative kinematics equations 
or conservation of mechanical energy. 
Award [1] for a bald correct answer in 
the range 4.9 - 5.1 
Award [0] if time used is different than 
1.0 s 

1 

b i M at 1.6 s 1 

b ii -2« =» 9.80 msg « » Accept 9.81, 10 or a plain “g” 
Ignore sign if provided. 

1 

b iii 

concave down parabola as shown «with non-zero initial slope and zero final 
slope»  

Award [1] mark if curve starts from a 
positive time value. 
Award [0] if the final slope is negative. 

1 

c 
« loss of KE is × × − = J2 21 0.25 (9.8 5 ) 8.9

2
» « »

Award [1] mark for an answer in the 
range 8.7 - 9.5 

1 

time

height
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Question Answers Notes Total 

1. d i ∆ = × +( )0.250 9.8 5.0p 

∆
= =

∆
Nnet

3.7     37  
0.1

pF
t

=« » « »

= + × = N 37 0.250 9.8 39.5 N « »

Allow ECF for MP2 and MP3 3 

d ii there is an external force acting on the ball 
OR 
some momentum is transferred to the floor  

Allow references to impulse instead of 
force. 
Do not award references to energy. 

1 
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Question Answers Notes Total 

2. a −= × 34 10T f«s» or  = 250 «Hz»

3340 4.0 10 1.36 1.4 mλ −= × × = ≈ « » 

Allow ECF from MP1. 
Award [2] for a bald correct answer. 

2 

b π πϖ
−

= =
× 3

2 2
4 10T

« » OR −× 3 11.57 10 s« »

ϖ − −= × × × = ≈ 2 3 2 6 2
0 (1.57 10 ) 6 10 14.8 15 msxa = « » « »

«opposite to displacement so» to the right  

3 

c i π
± ° / 90  

2
« » OR 

π
°

3 / 270
2

 
1 

c ii 1.5 «ms»  1 

c iii 8.0 OR 8.5 «µm»  From the graph on the paper, value is 
8.0. From the calculated correct trig 
functions, value is 8.49 

1 

d i λ= =3
4 0.90 L « » «m» 1 

d ii to the right  

displacement is getting less negative 
OR 
change of displacement is positive  

2 

d iii horizontal line drawn at the equilibrium position  1 
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Question Answers Notes Total 

3. a i 
«electric field at P from one charge is 

−× × ×
=

9 6

2 2

8.99 10 44 10
0.48

kQ
r

»

OR 

−× 6 11.7168 10 «NC »

« net field is » −× × × ° ×6 6 12 1.7168 10 cos30 = 2.97 10 «NC » 

2 

a ii directed vertically up «on plane of the page»  Allow an arrow pointing up on the 
diagram. 

1 

b i force «on q» is proportional to the displacement 

and opposite to the displacement / directed towards equilibrium  

2 

b ii 
 ω= = =

F xa x
m

2 115
0.25

« » 

2 0.29 sT
ω

= =
π« » « » 

Award [2] marks for a bald correct 
answer. 
Allow ECF for MP2 

2 
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Question Answers Notes Total 

3. c i decreasing from 12  

correct shape as shown  

Do not penalize if the graph does not 
touch the t axis. 

2 

c ii 
6

5.0
20 101

2
Ce

−
×=  

−= × 73.6 10C «F» 

Award [2] for a bald correct answer. 2 
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Question Answers Notes Total 

4. a i the energy needed to «completely» separate the nucleons of a nucleus  

OR 

the energy released when a nucleus is assembled from its constituent nucleons  

Accept reference to protons and 
neutrons. 

1 

a ii curve rising to a maximum between 50 and 100 

curve continued and decreasing  

Ignore starting point.  
Ignore maximum at alpha particle 

2 

a iii At a point on the peak of their graph  1 

a iv beta minus «decay»  1 

b i correct mass numbers for uranium (234) and alpha (4) 

234 7.600 4 7.074 238 7.568 MeV× + × − × « »

energy released 5.51 MeV« » 

Ignore any negative sign. 3 

b ii 
αα =

2

2
2

2 U

p
m
p

U m

KE
KE

« » OR
α

Um
m


=
234  58.5
4

« » 

Award [2] marks for a bald correct 
answer. 

Accept 117
2

for MP2. 

2 
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Question Answers Notes Total 

4. c i 
number of nuclei present = ×

× × = ×
3

23 2533 10 6.02 10 8.347 10
238

« »

initial activity is λ −= × × × = ×10 25 16
0 2.5 10 8.347 10 2.08 10N « Bq» 

power is −× × × × × ≈16 6 192.08 10 5.51 10 1.6 10 18 kW« » 

Allow a final answer of 20 kW if 6 MeV 
used. 
Allow ECF from MP1 and MP2. 

3 

c ii available power after time t is 0
tP e λ−


−− × × × =e
10 82.50 10 2.3 1018 17.0 kW« » 

MP1 may be implicit. 
Allow ECF from (c)(i) 
Allow 17.4 kW from unrounded power 
from (c)(i).  
Allow 18.8 kW from 6 MeV. 

2 

d i stays the same  

as energy depends on the frequency of light  

Allow reference to wavelength for MP2 
Award MP2 only to answers stating that 
KE decreases due to Doppler effect. 

2 

d ii decreases  

as number of photons incident decreases  

2 
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Question Answers Notes Total 

5. a 70
3.5

 
1 

b i 

shape as above  

1 

b ii 

shape as above  

Vertical lines not necessary to score 
Allow ECF from (b)(i).

1 
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Question Answers Notes Total 

5. c i ALTERNATIVE 1 
maximum flux at 45.0 5.0 10 85 0.94 0.19975 0.20 Wb−× × × × = ≈« » « » 

emf = 
0.20 0.80 V
0.25

=« » « » 

ALTERNATIVE 2 
emf induced in one turn = = × × =     0.94 0.20 0.05  0.0094 «V»BvL   

emf = × 85 0.0094 = 0.80 «V» 

Award [2] marks for a bald correct 
answer 
Allow ECF from MP1 

2 

c ii 
= =

0.8
2.4

VI
R

« » OR 0.33 A« »

= = × × × = =F NBIL 85 0.94 0.33 0.05 1.3 N« » « »

Allow ECF from (c)(i) 
Award [2] marks for a bald correct 
answer 

2 

d i Energy is being dissipated for 0.50 s  

1.3 0.20 0.50 0.13 JE Fvt= = × × = « »   

OR 

0.80 0.33 0.50 0.13 JE VIt= = × × = « » 

Allow ECF from (b) and (c). 
Watch for candidates who do not justify 
somehow the use of 0.5 s and just 
divide by 2 their answer.

2 

d ii 0.13
0.018 385

T∆ =
×

 

−∆ = × 21.9 10T «K» 

Allow [2} marks for a bald correct 
answer. 
Award [1] for a POT error in MP1 

2 
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Question Answers Notes Total 

6. a i 
incident intensity 2

1360
9.3

 OR −≈ 215.7 16 W m« » 
Allow the use of 1400 for the solar 
constant. 

1 

a ii exposed surface is ¼ of the total surface   

absorbed intensity = (1-0.22) × incident intensity  

0.78 × 0.25 × 15.7 OR 3.07 «W m-2»  

Allow 3.06 from rounding and 3.12 if 
they use 16 Wm-2 

3 

a iii σ =T 4 3.07  

OR 

86 KT = « » 

1 

b 2 0.025 11.2
0.404

GMv
R

= = ×« »

OR 

12.79 kms−« » 

1 

c i correct equating of gravitational force / acceleration to centripetal force / 
acceleration   

correct rearrangement to reach the expression given  

Allow use of GM
R

=
π
T
R2

for MP1 
2 

c ii T = 15.9 x 24 x 3600 s« »  

2 9 3
26

11 2
4 (1.2 10 ) 5.4 10 kg

6.67 10 (15.9 24 3600)
M π

−

×
= = ×

× × × ×
« » 

Award [2] marks for a bald correct 
answer. 
Allow ECF from MP1 

2 
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Question Answers Notes Total 

6. d i 3

23
28 10

6.02 10
m

−×
=

×

OR 

−× 264.65 10 kg« » 

1 

d ii 
21 3 3

2 2
kTmv kT v
m

= ⇒ =« »  

−
−

−

× × ×
= = ≈

×
v

23
1

26

3 1.38 10 90 283 300 ms
4.651 10

« » « »

Award [2] marks for a bald correct 
answer. 
Allow 282 from a rounded mass. 

2 

e no, molecular speeds much less than escape speed  Allow ECF from incorrect (d)(ii) 1 
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Question Answers Notes Total 

7. a 5

9
3.4 10 0.48

8.99 10
VRQ
k

× ×
= =

×
« »

OR 

18.2 CQ = µ« »   

1 

b i electrons leave the small sphere «making it positively charged»  1 

b ii 
1 2

1 22
48 24
q qk k q q= ⇒ = 

1 2 18q q+ =  

so 1 212 C , 6.0 Cq q= µ = µ« » « » 

Award [3] marks for a bald correct 
answer. 

3 
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Question Answers Notes Total 

8. a the change in the observed frequency  

when there is relative motion between the source and the observer  

Do not award MP1 if they refer to 
wavelength. 

2 

b use of 2π f A   

maximum speed is 12 39 0.080 19.6 ms−× × =π « » 

Award [2] for a bald correct answer. 2 

c 
frequency at plate 

+
× =

340 19.62400 2538Hz
340

« »  

at source 
3402538 2694 2700 Hz

340 19.6
× = ≈

−
« » 

Award [2] marks for a bald correct 
answer. 
Award [1] mark when the effect is only 
applied once. 

2 

d i stays the same  1 

d ii decreases 1 

d iii decreases 1 
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