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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 written permission from the IB.

Additionally, the license tied with this product prohibits commercial 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, is not permitted and is subject
to the IB’s prior written consent via a license. More information on how to request a license can be obtained from http://
www.ibo.org/contact-the-ib/media-inquiries/for-publishers/guidance-for-third-party-publishers-and-providers/how-to-apply-for-a-
license.

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 systémes de stockage et de récupération d’informations, sans I'autorisation écrite de I'lB.

De plus, la licence associée a ce produit interdit toute utilisation commerciale 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, n’est pas autorisée et est soumise au consentement écrit préalable de I'IB par I'intermédiaire d’une licence. Pour
plus d’informations sur la procédure a suivre pour demander une licence, rendez-vous a I'adresse http://www.ibo.org/fr/contact-
the-ib/media-inquiries/for-publishers/guidance-for-third-party-publishers-and-providers/how-to-apply-for-a-license.

No se podra reproducir ninguna parte de este producto de ninguna forma ni por ningin medio electronico o mecanico, incluidos
los sistemas de almacenamiento y recuperacion de informacion, sin que medie la autorizacion escrita del IB.

Ademas, la licencia vinculada a este producto prohibe el uso con fines comerciales 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 planificacion curricular u ofrezcan recursos para docentes mediante plataformas digitales— no esta
permitido y estara sujeto al otorgamiento previo de una licencia escrita por parte del IB. En este enlace encontrara mas
informacién sobre coémo solicitar una licencia: http://www.ibo.org/es/contact-the-ib/media-inquiries/for-publishers/guidance-for-
third-party-publishers-and-providers/how-to-apply-for-a-license.
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Subject Details: Physics SL Paper 3 Markscheme

Candidates are required to answer all questions in Section A and all questions from one option in Section B. Maximum total = 35 marks.

1.

2.

10.

11.

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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Section A
Question Answers Notes Total
a Al is too small to be shown/seen
OR 1
Error bar of negligible size compared to error barin V v
b evidence that € can be determined from the y-intercept of the line of
best-fit or lines of min and max gradient v
states £ =1.59 OR 1.60 OR 1.61«V» V 3
states uncertainty in &£ is 0.02 «V» OR 0.03«V» v
c determine the gradient «of the line of best-fit» v

ris the negative of this gradient v
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Question

Answers

Notes

Total

a

Any curve that passes through ALL the error bars v

kg7'm™ v

fPAND T
OR
f ANDNT
OR

logfAND log T
OR

INfAND In TV

graph would be a straight line/constant gradient/linear v

passing through the origin v
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Question Answers Notes Total
2 Evidence of As AND AD used v
S D

«add fractional/% uncertainties»

obtains 11 % (or 0.11) OR 10 % (or 0.1) vV 2
b ALTERNATIVE 1: Do not accept answers which suggest using different

measure the combined width for several fringes apparatus.

OR

repeat measurements v

take the average

OR

so the «percentage» uncertainties are reduced v 2

ALTERNATIVE 2:

increase D «hence s»

OR

Decrease d v

so the «percentage» uncertainties are reduced v/
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Section B
Option A — Relativity
Question Answers Notes Total

4, |a i a coordinate system which is not accelerating/has constant velocity/Newtons 1st law OWTTE

applies v Both “inertial” and “reference 1

frame” need to be defined

4, |a i 1.5¢cv 1
4. b c is the same in all frames

OR

¢ is maximum velocity possible v/

velocity addition frame dependent v 2 max

length/time/mass/fields relative measurements v

Newtonian/Galilean mechanics valid only at low speed v
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Question Answers Notes Total
a moving charges give rise to magnetic fields
OR 1
magnetic attraction between parallel currents v/
b protons at rest produce no magnetic field
OR 1

mention of F = Bev where Band/or v=0 v

there is a repulsive electric/electrostatic force «in both frames» v

the attractive magnetic force «in the lab frame» is smaller than the repulsive electric force v
in all frames the net force is repulsive as all must agree that protons move apart 2 max
OR

mention of the first postulate of relativity v/
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Question Answers Notes Total
a the length measured «in a reference frame» where the object is at rest v 1
b .
! At = «L8 =»5.7x107 «s» v 1
0.5x3x10
b i ALTERNATIVE 1:

«forv=06c»y=125 ¢

«uses LT with At’ from 6(b)(i)»
0.6 x 885j v

3x10

9.2x107 «s» OR 9.3x10"«s» v

At =1.25 (5.7><10‘7 +

ALTERNATIVE 2:
v of ball is 0.846¢ for platform v

length of train is 68m for platform v/

3
, 68 7 7

time=«——————=»9.2x10"«s» OR 9.3x10"«s» Vv

0.846¢ —0.6¢
ALTERNATIVE 3:
«y =1.154 for ball in train, so proper time for ball»

-7

Aty = «M =» 4.9x10"«s» v

1.154

v of ball is 0.846¢ for platform ORy =1.876 v
At = «yAt, =1.876x4.9x107"=»9.2x10"«s» OR 9.3x107«s» v
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Question Answers Notes Total
a Evidence of finding 1/gradient such as: Answer 0.8c given, so check coordinate
4 values carefully.
use of any correct coordinate pair to find v- eg — or ﬁ
: 1
OR
measures tan of angle between ct and ct’ as about 39° AND tan39~0.8 v
b E labelled at x=4, ct=5 v Check that E is placed on the worldline
of S. 1
c i 5 Allow solutions involving the use of
~3° 167 v Lorentz equations.
t'= ° =3years
4
OR 2
ct=3ly v
c n t=5 years OR ct=5ly v 1

(continued...)
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(Question 7 continued)

Question Answers Notes Total

7. d On return to Earth the astronaut will have aged less than Earthlings «by 4 years» | OWTTE

OR
Treat as neutral any mention of both the

Earth and astronaut seeing each other’s

time passed on Earth is greater than time passed for the astronaut «by 4 i
clock as running slow.

years» v/

astronaut accelerated/changed frames but Earth did not
OR

for astronaut the Earth clock jumps forward at turn- around v/
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Option B — Engineering physics
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Question Answers Notes Total
8. |a «translational equilibrium demands that the» Equality of forces is given, look for reason why.
resultant force in the horizontal direction must be zerov 1
«hence N, =F »
8 b «clockwise moments = anticlockwise moments» Moments can be equated at any of the three points
50x 2c0560 = Ny, x 45in60 v (ground, wall or centre of mass) giving F=25cot60
50 x 2cos 60 Award [0] (no ECF) if an incorrect equation for
«Ny =F = “4sin60 moments is used. )
F=144«N» v Award [2] for a bald correct answer
8. |c maximum friction force = «0.4 x 50N» =20 «N» v For MP2 allow ECF if answer to part 8(b) is greater
than 20 N ie “will slip”
14.4 <20 AND so will not slip v For MP2 the stated reason is required somewhere,
so award [0] for a bald “will not slip”
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Question Answers Notes Total

a E, =E, linear +E, rotational Answer is given in the question so check working is correct at each

stage.
OR I

Ekzlmv2 +1Ia)2 v
2 2

2
v 1 Zmeeg (Y v
2 2 5 r

[
«<=—mv-»
10

Initial E, = %X 150x0.52 «=0.26J» v MP2 is for adding E, this may be implied by a correct final answer.

Final £, =026 +1.5x9.81x0.45 «=6.88Jy v | 1" Solution methods are possible

MP2: Allow g = 10 (gives 7.01J)

v« 10,688 e ans Ty v Allow ECF in MP2 & MP3 for incorrect Ex or E, in earlier MP. eg Award 3
1.5 [2] for 2.5m s’ if original KE is not used.

Award [3] for a bald correct answer
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Question Answers Notes Total

10. |a evidence of work done equals area between AC and the Volume Answer 440 J is given, check for valid working.
axis v
Examples of acceptable methods for MP2:

- estimates 17to18 small squares x 25J per square =
425 to 450 J.

- 250 J for area below BC plus a triangle of 2
dimensions 5 x 3, 3 x 5, or 4 x 4 small square

edges giving 250J + 187.5J or 250 J + 200 J.

reasonable method to estimate area giving a value 425 to 450J v

Accurate integration value is 438 J - if method seen

award [2].

10. |b i 3 _ Another method is possible: eg realisation that AU

«use of U=-nRT and pV = nRT to give» for BC has same magnitude, so AU = 3/2 PAV.

3 POT must be correct for MP2.
AU = EAP Vv Allow positive answer. 9
3 Award [2] for a bald correct answer.

«=E><—2.5><105 x1x107° »

=«—»375«J» vV
10. |b ii T,=816«K» OR 543«°C» v 1

(continued...)
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(Question 10 continued)

Question Answers Notes Total
10. |c for CA AU=0 soQ=W =-440«J» v Must use the first law of thermodynamics for MP1
and MP2.
for AB W =0 so Q=AU=-375«h v Accept both positive or both negative values for both
815 «J» transferred to the building v Q.

Allow use of answer to 10a in MP1 and MP3 giving a
range of 800 to 825 J.

Allow ECF from bi in MP2 and MP3

Award [2] for answer of «—»65 J (or ECF value) if 3
MP1 and MP2 have opposite signs.
Do not award MP3 for simply adding two completely
incorrect values.
Award [3] for a bald correct answer.
10. |d the temperature changes in the cycle are too large v
the cycle takes too long «because it contains an isothermal stage» v 2 max

energy/power output would be too small v
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Option C — Imaging
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Question Answers Notes Total
1. |a  |i any two correct rays with extensions v/ _
extensions converging to locate an upward virtual image labelled | b " <] .
with position within shaded region around focal point on diagram v/ i} I :\\ e
W \\\ 2
10cm 10cm
11. |a i v=«» 10«cm» Vv
M «= —(Kj = —(ﬁ}) =«+» 2 Vv 2
u 5
11. |a iii | magnifying glass
OR
Simple microscope 1
OR
eyepiece lens v

(continued...)




-17 - M19/4/PHY SI/SP3/ENG/TZ2/XX/M

(Question 151continued)

Question Answers Notes Total
1. |b i I labelled at 25 cm mark v/ 1
1. |b ii

the second lens has [ «= %» =2«cm» vV

«so for telescope image to be at infinity»
the second lens is placed at 27 «cm» 9
OR

separation becomes 12 «cm» v

1. 1b i image formed by 10 cm lens is greater than 10 cm/further to the right Award [1 max] for bald “separation increases’.

of the first lens v

so second lens must also move to the right OR lens separation
increases v
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Question

Answers

Notes

Total

12.

a

refractive index of step index fibre is constant v

refractive index of graded index fibre decreases with distance from
axis/centre v/

graded index fibres have less dispersion v
step index fibre: path of rays is in a zig-zag manner v

graded index fibre: path of rays is in curved path v

For MP2 do not accept vague statements such as
‘index increases/varies with distance from centre”.

2 max

12.

v=loy - 2.99792x10°
n 1.45061

S 2.99792x10°
19017 1.45059

OR

=2.06666 x10% «ms™'» AND

=2.06669x108 «ms™"»

Av = L - x2.99792x10° v
1.45059 1.45061

Av =2.85x10° OR 3x10°«ms™'» v

(continued...)
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(Question 12 continued)

Question Answers Notes Total

12. |b i pulse wider v For MP2 do not accept lower amplitude unless pulse

| ler ¥ area is also smaller. 2
pulse area smaller

12. |b iii | reference to dispersion
OR
reference to time/speed/path difference v 2
reference to power loss/energy loss/scattering/attenuation v/
12. |b |iv |longer cables give wider pulses v OWTTE
2

which overlap/interfere if T too small/ftoo high v
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Option D — Astrophysics
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Question Answers Notes Total
13. |a i Cepheid variables expand and contract OWTTE
OR .
o Do not reward ‘change in
Radius increases and decreases luminosity/brightness’ as this is given in the
OR question. 2 max
Surface area increases and decreases v Accept changes in reverse order
Surface temperature decreases then increasesv'
Surface becomes transparent then opaque v
13. |a ii the «peak» luminosity/actual brightness depends on the period OWTTE
OR
More luminous Cepheid variables have greater periodv
measurements of apparent brightness allow distance determination 2
OR
. L
Mention of b = > v
4nd

(continued...)
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(Question 13 continued)

Question Answers Notes Total
13. |b i d=«273%x3.26x9.46x10" =» 8.42x10"%«m» v MP1 may be implicit in the calculation
29
b=w bt TT0X07 86510 «Wm?» v Allow ECF in MP2 (eg answer b =8.2x10% if
4nd 4n(8.42 %1 018) pc not converted to m)
2

Award [2] for a bald correct answer

13. |b i 2.9x10°°
«T=————»
4.29x1077 1
=6800 «K» vV
13. |c Data subject to peer review/checks by others v/ OWTTE

Compare light from stars with Earth based light sources v 1
max

measurements are corroborated by different instruments/methods from
different teams v
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Question Answers Notes Total

14. |a i d=«1.6x108%x9.46x10" =» 1.51x10*«m» v’
v=«H,d= 2.3x107"® x1.51x10%* =» 3.48x10%«m» Vv

2
14. |a i 7 6 Accept 5.67nm for MP1 when 3.5x10° used.
A= «ﬂ = 4.86x 1% :§é48 x10 =» 5.64«nm» v
¢ X Allow ECF from MP1 only if A4 is correctly added to
observed 1 =«486 +5.64 =» 492«nm» v Ay
Award [0] for not using correct value of 4. 2

Award [2] for a bald correct answer.

14. |b all distant galaxies exhibit red-shift v/ OWTTE 1
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Question Answers Notes Total
15. |a the letter S should be in the region of the shaded area v
b,
1000000 " I T |
10000 |- )
100 |~
luminosity / L
1
1 b
1L
100
1 | | | | |
10000 25000 10000 6000 3000

effective temperature / K

(continued...)
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(Question 15 continued)
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Question Answers

Notes

Total

15. |b the fusion of hydrogen in the core eventually stops

OR

core contracts v/

the hydrogen in a layer around the core will begin to fuse v
Sun expands AND the surface cools v

helium fusion begins in the core v

Sun becomes more luminous/brighterv’

Ignore any mention of the evolution past the
red giant stage

3max

15. |c electron degeneracy <<prevents further compression>> v

Ignore mention of the Chandrasekhar limit.

Award [0] for answer mentioning radiation
pressure or fusion reactions.

15. | d «use of L=cAT*»

10 (R, Y (10000}4 y
= L2 x

10° | Rs ) 3000

Ro _gx10° v

RG




	Candidates are required to answer all questions in Section A and all questions from one option in Section B.  Maximum total = 35 marks.



