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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 HL Paper 2 Markscheme

Candidates are required to answer all questions. Maximum total = 90 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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Question Answers Notes Total
a links 0.84to Ap v Award [2] for bald correct answer
=«L42=» 145 «<ms'» v 2
5.8x10~
b use of At =«(28-12)x102 =»16x107° «s» v Accept a time interval from 14 to 16 ms
Allow ECF from incorrect time interval
= Ap 0.84
F=«—=»——"—"——-0OR 53 «N» v 2
At 16x107°
c E, =1><5.8><10’2 <1452 v Allow ECF from (a) and (b)
2 Allow ECF from MP1
E =WV Award [2] max for a calculation without reference to work
1 done, eg: average velocity X time 3
—x5.8x107% x14.57
S:«—:2 =»0.12 «m» v
53

(continued...)
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(Question 1 continued)

Question Answers Notes Total

1. |d

t

graph must show increasing speed from an initial of zero all the time v

overall correct curvature v
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Question Answers Notes Total
a N pV OR N 1.0x10°x0.36 Allow [1 max] for substitution with T in Celsius.
kT 1.38x10 %2 x295 Allow [1 max] for a final answer of n=14.7 or 15
N= 88x10%*v Award [2] for bald correct answer. 2
b i Allow ECF fi
! use of 2 —constant OR p= nRT OR MJ ow rom (2)
T v Award [2] for bald correct answer 0
p=9.4x10* «Pa» v
b i F=AxAp v Allow ECF from (b)(i)
F=0.72x(1.0-0.94)x10° OR 4.3x10° «N» v Allow ECF from MP1 9
b iii. | force is «very» large v
there must be a mechanism that makes this force smaller 2
OR
assumption used to calculate the force/pressure is unrealistic v
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Question Answers Notes Total
a : =«L53=»250«msf1» v 1
0.20x10°
a n A=0.30«m» v Allow ECF from (a)(i)
250 Allow ECF from wrong wavelength for 2
f=« =» 830 «Hz» v MP2
0.30
b Qv
acceleration is proportional to displacement «and Q has larger displacement» v/ 2
c i 3 «points» v 1
c i first harmonic mode drawn v Allow if only one curve drawn, either
solid or dashed.
< 21m >
ij_____d.a-- - B -EEHHE 1
oscillator
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Question Answers Notes Total
a magnetic force is to the left «at the instant shown» Accept reference to acceleration instead of force.
OR
explains a rule to determine the direction of the magnetic force v
force is perpendicular to velocity/«direction of» motion 2 max
OR

force is constant in magnitude v/

force is centripetal/towards the centre v

b i mv? Award MP2 for full replacement or correct answer to
qvB = R v at least 2 significant figures.
2
-27 6
_1.67x10 1;<2.0><10 OR 0.060 «m»
1.6x107° x0.35
b ii T 27R v Award [2] for bald correct answer
Y,
2
—((Mz))1.9x10_7 «s»
2.0x10°
c ALTERNATIVE 1 Award [2] for a reference to work done is zero hence
work done by force is change in kinetic energy v Ex remains constant
work done is zero/force perpendicular to velocity v
2
ALTERNATIVE 2
proton moves at constant speed v Accept mention of speed or velocity indistinctly in

kinetic energy depends on speed v Mp2




-9- N19/4/PHYSI/HP2/ENG/TZ0/XX/IM

Question Answers Notes Total
a Ignore any negative sign.
g_k “q 4 Y y neg g
r
9 -3
g 89910 x60x107 op £ _337x10° «<NC'» 2
0.4
b | |F=gxE OR F=16x10"°%3.4x10°=5.4x10""«N» v lgnore any negative sign.
Award [1] for a calculation leading to
—11 _ 38 2
_«—5'4X10_31 =»5.9x10" «ms?»V a=3.7x10%«ms™ » 2
9.1x10 Award [2] for bald correct answer
b i the electron moves away from the point charge/to the right «along the line joining | Allow ECF from MP1 if a candidate
them» v mistakenly evaluates the force as
. . attractive so concludes that the 3
decreasing acceleration v acceleration will increase
increasing speed v
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Question Answers Notes Total
a 1 3 1 3 Condone use of a wrong area or use of

P «in incoming beam» =1.4x10° « W »
Allow ECF from MP2.

OR 3
P «in outgoing beam» =1.9x10* « W» v Award [1] max for any attempt to use the
formula for wind power which cubes the

subtracts both P to obtain 1.2x10° « W» difference of velocities
Award [3] for a bald correct answer

b because some power is lost due to inefficiencies in the system/transfers to Accept power or energy indistinctly
the surroundings v 1
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Question Answers Notes Total

a random:

it cannot be predicted which nucleus will decay
OR

it cannot be predicted when a nucleus will decay v OWTTE 2

spontaneous:
the decay cannot be influenced/modified in any way v OWTTE

b i 234x7.6 OR 4x7.07V Allow ECF from MP2

BE, =«234x7.6+4x7.07-4.27 =»1802 «MeV » v Award [3] for bald correct answer

3
Allow conversion to J, final answer is 1.2 x107"?
% = «& =»7.57 «MeV» v
A 8
b |ii |states or applies conservation of momentum v/ Award [2] for bald correct answer
p’ ,
ratio i« = 2Ms 234 5 5
EkTh p 4
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Question Answers Notes Total
a i 2 2
equating centripetal to electrical force 2k§ _mv to get result v
r r 1
a |ii : ke? 2ke?
uses (a)(i) to state £, =—— OR states E = - v
r r
2 2 2
adds «E;or =E, +E, = ke _2ke”, to get the result v
r
a iii | the total energy decreases Award [0] for an answer concluding that radius
OR increases
ke? 2
by reference to E;g; =—— Vv
r
the radius must also decrease v

(continued...)
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(Question 8 continued)

Question Answers Notes Total

8. |b i

2x8.99x10° x (1.6 x107"°)?

5 = =»1.44x10° «ms™'» v
9.11x10™"' x9x2.7x10”

with n = 3, v:«\/

34
- 6.63x10 OR 1=5.05x10""«m» v
9.11x107%" x1.44 x10°

Allow ECF from (b)(i)

8. b i -1
27'CI‘_«27'C><9><2.7><10 209y =3 1

i 5.1x1071°

8. |c reference to fixed orbits/specific radii OR quantized angular momentum in Bohr model v

electron described by a wavefunction/as a wave in Schrédinger model OR as particle in

Bohr model v
3 max

reference to «same» energy levels in both models v

reference to «relationship between wavefunction and» probability «of finding an electron in
a point» in Schrédinger model v
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Question

Answers

Notes

Total

a

2
-19 opv-2,
27C c

1(48x1075)?

«— = =»6.4x10° «J» v
2 18x10

E =

ALTERNATIVE 1
QX +QY = 48 \/

QX_&
18_12"

solvingtoget Q, =29 «uC» Q, =19« uC» ¢
ALTERNATIVE 2

48=18V+12V =V =16«V» vV
Q=«1.6x18=»29«Q, =1.6x18=29«uC» v
Q, =«1.6x12=»19«uC» v

Award [3] for bald correct answer

ALTERNATIVE 1
1(29x107°)? A (19x107°)?

T2 18x10° 2 12x10°®
=3.8x10° «d»v

ALTERNATIVE 2

ET:%X’ISx'lO6><1.62+%X12X106X1-62 v

=38x10°%«d» v

Allow ECF from (b)(i)
Award [2] for bald correct answer

Award [1] max as ECF to a calculation
using only one charge

(continued...)
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(Question 9 continued)
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Question Answers Notes Total
9. |c charge moves/current flows «in the circuit» v
2
thermal losses «in the resistor and connecting wires» v/ Accept heat losses for MP2
10. |a there is a phase change v
2
of 1 OR as it is reflected off a medium of higher refractive index v/
10. |b i 2d v Accept 2dn
1
10. |b ii 1 Award [2] for bald correct answer
2dn==V
2
2
d =«i:ﬂ=»119 «nm» v
4n 4x1.38
10. |b iii. | reflection from «front surface of» lens eliminated/reduced Accept reference to reduction of glare
OR for MP1
energy reaching sensor increased v/ 2
at one wavelength v

(continued...)
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(Question 10 continued)

Question Answers Notes Total

10. ¢ |i standard single slit diffraction pattern with correct overall shape v Secondary maximum not to exceed 1/5" of

. . . maximum intensity
secondary maxima of right size v ) .
Ignore width of maxima

10. |c i use of ‘9:1.2:/1 v

0=29x10"* «rad» v Award [2] for bald correct answer
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Question Answers Notes Total
11. |a i «low intensity light would» transfer energy to the electron at a low rate/slowly v
time would be required for the electron «to absorb the required energy» to OWTTE 2

escape/be emitted v

11. |a |ii | «in the photon theory of light» the electron interacts with a single photon v Reference to photon-electron collision

. ) scores MP1 2
and absorbs all the energy OR and can leave the metal immediately v/

1. |b i hc E v Allow reading from the graph of Ex=1.4
¢=——E leading to an answer of 1.2 «eV».

E,=15«eV» V¥

1.24x10°°
«

W—‘lﬁ:»‘l.'l«eV» \/
X

¢=

(continued...)
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(Question 11 continued)

Question Answers Notes Total

11. |b |ii similar curve lower than original v/

with same horizontal intercept v/

I/ nA

0.5




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



