8823 — 6508M

17 pages

Markscheme

November 2023

Physics

Higher level

Paper 2

Diploma Programme
Programme du dipléme
Programa del Diploma




-2- 8823 — 6508M

© International Baccalaureate Organization 2023

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 2023

Tous droits réservés. Aucune partie de ce produit ne peut étre reproduite sous quelque forme ni par quelque moyen que ce soit, électronique ou
mécanique, y compris des systemes de stockage et de récupération d’informations, sans I'autorisation écrite préalable de I'IB. De plus, la
licence associée a 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 a I'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 a suivre pour obtenir une autorisation écrite sous la forme d’'une licence, rendez-vous a I'adresse
https://ibo.org/become-an-ib-school/ib-publishing/licensing/applying-for-a-license/.

© Organizacion del Bachillerato Internacional, 2023

Todos los derechos reservados. No se podra reproducir ninguna parte de este producto de ninguna forma ni por ningun medio electrénico o
mecanico, incluidos los sistemas de almacenamiento y recuperacion de informacién, sin la previa autorizacion por escrito del IB. Ademas, la
licencia vinculada a este producto prohibe el uso de todo archivo o fragmento seleccionado de este producto. El uso por parte de terceros —lo
que incluye, a titulo enunciativo, editoriales, profesores particulares, servicios de apoyo académico o ayuda para el estudio, colegios
preparatorios, desarrolladores de aplicaciones y entidades que presten servicios de planificacién curricular u ofrezcan recursos para docentes
mediante plataformas digitales—, ya sea incluido en tasas o no, esta prohibido y constituye un delito.

En este enlace encontrara mas informacién sobre como solicitar una autorizacion por escrito en forma de licencia: https://ibo.org/become-an-ib-
school/ib-publishing/licensing/applying-for-a-license/.



-3- 8823 — 6508M

Subject Details: Physics HL Paper 2 Markscheme

Candidates are required to answer all questions. Maximum total = 90 marks.

1.

2.

10.

1.

12

13.

14.

Each row in the “Question” column relates to the smallest subpart of the question.
The maximum mark for each question subpart is indicated in the “Total” column.
Each marking point in the “Answers” column is shown by means of a tick (v) at the end of the marking point.

A question subpart may have more marking points than the total allows. This will be indicated by “max” written after the mark in the “Total” column.
The related rubric, if necessary, will be outlined in the “Notes” column.

An alternative wording is indicated in the “Answers” column by a slash (/). Either wording can be accepted.

An alternative answer is indicated in the “Answers” column by “OR”. Either answer can be accepted.

An alternative markscheme is indicated in the “Answers” column under heading ALTERNATIVE 1 etc. Either alternative can be accepted.
Words inside chevrons « » in the “Answers” column are not necessary to gain the mark.

Words that are underlined are essential for the mark.

The order of marking points does not have to be as in the “Answers” column, unless stated otherwise in the “Notes” column.

If the candidate’s answer has the same “meaning” or can be clearly interpreted as being of equivalent significance, detail and validity as that in the
“Answers” column then award the mark. Where this point is considered to be particularly relevant in a question it is emphasized by OWTTE

(or words to that effect) in the “Notes” column.

Remember that many candidates are writing in a second language. Effective communication is more important than grammatical accuracy.
Occasionally, a part of a question may require an answer that is required for subsequent marking points. If an error is made in the first marking point
then it should be penalized. However, if the incorrect answer is used correctly in subsequent marking points then follow through marks should

be awarded. When marking, indicate this by adding ECF (error carried forward) on the script. “ECF acceptable” will be displayed in the “Notes” column.

Do not penalize candidates for errors in units or significant figures, unless it is specifically referred to in the “Notes” column.
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Question Answers Notes Total
a 2 -3 512
M9 =»2.7><10 x(2.3x107) v
G 6.67x107" 2
2.1x10" «kg» v
b 0.25-0.26 «N» v 1
c i ALTERNATIVE 1 Marks may only be awarded
the engine exerts an upward/opposing force <<on the probe>> v from one alternative.

<<upward>> force is greater than weight/grav force OR there is an upward resultant/net | Examiners should determine
which alternative provides the

force v
« by NIl » this causes deceleration/reduction in speed v most marks. o
ALTERNATIVE 2 MP3 must have a reduction in

speed not just a change in

the engine/probe exerts a force on the fuel molecules/gas v
speed 3

<<by NIlI>> an equal and opposite force acts on the engine/probe v

« by NIl » this causes deceleration/reduction in speed v

ALTERNATIVE 3

engine causes change in momentum to fuel molecules/gas v

« by conservation of momentum » the probe has an equal and opposite change in
momentum v

this results in deceleration/reduction in speed v
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Question Answers Notes Total

c ii ALTERNATIVE 1 Allow ECF from 1b
net force on probe =12 -0.26 = €« 11.7» «N» v

change in momentum = 0.64 x 95 = « 60.8 Ns» v

time = «60.8/11.7» =52t05.3 «s»

any answer to 2 s.f. v

4
ALTERNATIVE 2
net force on probe =12—-0.26 = € 11.7» «N» v
acceleration « =F/m» =11.7/95 « =0.12» v
time = « 0.64/0.12» =52t05.3«s» v
any answer to 2 s.f. ¥

‘ I Voo = Z(G—ijr« = \/ﬁ » OR similar seen v zvvs;‘%l;ggz{ef?‘gzggrmd R
r e.g. mv¥r = GMm/r? and then 1

include a factor of ¥ to give the
final expression.

d ii 35«ms» v 1
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Question Answers Notes Total
e . 2x1.9 Check units match power of ten
time to reach surface = « /W =»37.5¢«» v e.g. 1.3 km scores both marks
distance travelled horizontally = « 34 x 37.5» = 1300 «m» v Award [1 max} for 21 <<m>> (g
taken as 9.81) 2

Watch for ECF from incorrect t.
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Question Answers Notes Total
a i the angle of refraction ought to be greater than the angle of incidence OR the ray should | Do not allow use of e.g n+
refract away from the normal v unless medium one is
because ray goes from high refractive index/<<optically>> more dense/slower medium to | described e.g. Nair 2

low refractive index/optically less dense/faster mediumv

a i there should be a <<transmitted>> ray in the oil
OR

total internal reflection is not possible v 2

because ray goes from low refractive index/<<optically>> less dense/faster medium to
high refractive index/<<optically>> more dense/slower mediumv/

b Use of Snell's Law « Sini _1.60 o, Use of requires a substitution
sinr 1 NOT just a statement of a
i=sin" «1.60xsiN32" »=58 «" » v formula

Accept 1.0 rad (unit must be
included to show a deliberate
attempt to use rad rather than a
calculator mistake)
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Question Answers Notes Total

c sini _1.33 _.4 sinr=1 v Accept 0.98 rad (unit required)
sinr 1.60 2

i=«sin'0.831» =56« °» v

d |i Oscillations « of electric field vector » in one/same plane v Do not allow oscillations in

one direction 1
d i Rotation/change of alignment of polarizing filter v

changes intensity v )

e i position X because light reflects off the medium of higher refractive index v Allow correct references to

optical density or speed as in

previous questions

A statement of X and that the 1

refractive index of oil is greater
than the refractive index of air is

sufficient
e |ii Use of 2dn=maA v ‘Use of’ requires a substitution
21x107 «m» ¢ NOT just a statement of a
formula

any answer to 2 s.f. v 3
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Question Answers Notes Total
a |i : 122
Resistance « =——=»0.96«Q» v 1
150
a i total wire length = (0.6 x 8) + (0.03 x 7) OR 5.01 «m» v Allow answers in mm provided unit and power of
ten match (i.e 1.6 mm)
RA ‘Use of’ requires a substitution NOT just a
Use of p= e statement of a formula
Allow ECF from ai). 3
OR
area= «% =»7.83x10% «m?» v
radius € =~/7.83x10° /7 = » 1.6 x 103 «m» v
b mass of ice = 900 x 0.6 x 0.21 x 0.5 x 10 OR 0.0567 <<kg>> v Be careful to check for ECF from MP1 and MP2.
energy required = 0.336 x 106x 0.0567 OR 1.91 x 10* <<J>>v 3
4
time= «M:» 130 «s» v
150
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Question

Answers

Notes

Total

(o

ALTERNATIVE 1
emf of almost discharged cell is lower than nominal value v
I/power decreases, so longer time v

ALTERNATIVE 2
internal R of battery increased v
I decreases, so longer time v

ALTERNATIVE 3
power of the battery/heater is lower v
energy is provided at a slower rate, so time is longer v

MP1 and MP2 must be taken from the same
alternative.

advantage of batteries argument v
cost reduction argument v
improved storage argument v

environmental argument v

e.g. allows energy from renewables to be stored for
later use, easy transportation of energy,

e.g. to make batteries for cars affordable
e.g. so electric cars can have a longer range

e.g. so they last longer before disposal, to reduce
impact of mining for lithium

Do not allow vague statements e.g., “more
environmentally friendly”, “more sustainable”, “to
reduce pollution”, “to reduce the use of fossil fuels”

efc.

2 max
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a i neutron
OR 1
nv
a i nucleus <<is positive and>> repels proton v
proton must be close to nucleus for nuclear force to be effective v 3
<<this corresponds to high electric potential energy and>>
therefore high initial kinetic energy required v
b Use of A=Ae ™V Allow 18 hours
0.0012 ‘Use of requires a substitution NOT just a
« In '1 5 =—1.1x107* ¢t » statement of a formula 2
t=6.5x 10* «s» v
c i particle—antiparticle v/ Allow lepton — antilepton, matter - antimatter 1
c ii electron v Do not allow antipositron 1
c iii any reference to momentum conservation
OR
energy and momentum cannot be both conserved v 2
a nucleus redistributes the momentum v
c iv | annihilation with an electron v 1
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Question Answers Notes Total
a Excited state - electron bound to atom/nucleus/proton OR lonised state — 1
electron free from/not bound to atom v
b Electron/atom loses energy OR electron/atom moves to a lower energy
state v 2
by emitting a/one photon v
c i visible «light» v Accept orange/red light 1
c i hc ‘Use of requires a substitution NOT just a
Use of E = ry statement of a formula
A bald statement of 1.88 OR 1.89 <<eV>>
OR scores MP1 and MP2.
3
energy change = «% =»3.0x10 " «J» ¥
conversion to eV giving 1.88 OR 1.89 « eV » v
transition is from 2to 3 v
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a i equally spaced, horizontal, straight lines (minimum 3) v Ignore edge effects

Correct direction v

- 2

a i A ‘Use of’ requires a substitution NOT just

Use of C= 7‘/ a statement of a formula

« 2 71x10°2 2 Watch for ECF from an incorrect area 2

area=~Z. X «m-» » CaICU/ation.

length=0.16 OR 0.17 «m» v

a | i | maximum charge on capacitor=75x10""2x16x10%® =1.2x10° «C» v | Check the unit and the power of ten match e.g. 1
1.2 uC is acceptable.
b i 2.8x10° «NC"'» v Ignore negative sign 1
b 1§l | charge at breakdown =75x107"2x9x10° =6.75x107«C» v Allow calculation using maximum voltage
0.675 uc Allow range of 0.6 to 0.7 «S»
«—————=0.56» Allow ECF from aiii) 2
1.2 uc

this corresponds to 0.6 «s» on graph v
c «the internal resistance unchanged and» capacitance increases v 2

so the time constant increases « and it takes longer » v Allow 7 = RC for MP2
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Question Answers Notes Total
d i diagram correct v - O~ O
B A
1
\L [ J
Y
X to capacitor
Award [0] if there are any additions to the
diagram.
d ii ALTERNATIVE 1
when A is positive and B negative bottom right diode and top left diodes
conduct making X positive and Y negativev
when A is negative and B positive top right and bottom left diodes
conduct making X positive and Y negative v
whatever polarity of supply, X is always positive and Y negative «so
charge can only flow in one direction» v 3

ALTERNATIVE 2

A diode only conducts/allows a flow of charge in one direction v

During one half cycle one pair of diodes conduct <<and in the other half
cycle the other pair conducts>> v

Current is always Xto Y v
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a i 3.8x102% Allow ECF from MP1 and MP2
average intensity at Ceres orbit= : o |«=196 W m2» v
4xmtx(4.4x10"")
. , . 156
average incident intensity :T =<<39>> ¥
3
!
39 4
temperature «=| ———— | » =160 <<K>> ¢
5.67x10
a i «kinetic» energy of decay products is converted to/transferred as thermal
energy v 2
«primarily» by conduction v
b i gases have no/weaker intermolecular forces/bonds <<than for solids>> « | Accept reverse arguments
gases larger intermolecular distances <<than for solids>> v
molecules in gases move freely <<but in solids do not>> v 3 max
<<same temperature so>> same Ek ¥
b i -1
n 49107 wln v 1
b | iii <<use of GM __ . .. (667x10""x9x10%) Award [1] for correct substitution
r 4.7x10°
OR 1
<<->>1.3%x10° seen v
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—16 —
Question Answers Notes Total
a i about 11 o’clock position on turntable v In the region shown
1
a i maximum frequency shift occurs when velocity of source relative to
frequency meter is maximum v/
<<maximum velocity of source is>>when S moves directly towards 2
frequency meter v
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ALTERNATIVE 1
Af=10.5«Hz» v

105 v,
440 330

Vs =7.9<<ms-1>>v =7.9«ms ' »V
m:«zz» 28 v
r

rads™'v

ALTERNATIVE 2

Observed frequency = 450.5 OR 430 <<Hz>> ¢
Use of f' = f (vivtus) v

Us=7.7 <<m s'>> ¢

omega <<= v/r>> =28 ¥

rad s'v

Range 10— 11 Hz

Range 7.5-8.3m s’

Range 27 - 30 rad s™

Range 450 — 451 OR 429 - 431

Range 7.5 - 8.0

Range 27 — 30




	Candidates are required to answer all questions.  Maximum total  90 marks.



