Diploma Programme
Programme du diplome

Programa del Diploma

© International Baccalaureate Organization 2022

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 2022

Tous droits réservés. Aucune partie de ce produit ne peut étre reproduite sous quelque
forme ni par quelque moyen que ce soit, électronique ou meécanique, y compris des
systemes de stockage et de récupération d’informations, sans [l'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, 2022

Todos los derechos reservados. No se podra reproducir ninguna parte de este producto
de ninguna forma ni por ningiin medio electronico 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 informaciéon sobre cémo solicitar una autorizacién por
escrito en forma de licencia: https://ibo.org/become-an-ib-school/ib-publishing/licensing/
applying-for-a-license/.

www.brilliantlearning.in @

International Baccalaureate”
Baccalauréat International

Bachillerato Imtemacional




Diploma Programme
Programme du dipléme

Programa del Diploma

Physics
Higher level
Paper 1

Thursday 28 April 2022 (morning)

1 hour

Instructions to candidates

Do not open this examination paper until instructed to do so.

Answer all the questions.

For each question, choose the answer you consider to be the best and indicate your choice on
the answer sheet provided.

A clean copy of the physics data booklet is required for this paper.

The maximum mark for this examination paper is [40 marks].
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The intensity of a wave can be defined as the energy per unit area per unit time. What is the
unit of intensity expressed in fundamental Sl units?

A.  kgm?s’
B. kgm?s’®
C. kgs~?

D. kgs®

The magnitude of the resultant of two forces acting on a body is 12N. Which pair of forces
acting on the body can combine to produce this resultant?

A.  1Nand 2N

B. 1Nand 14N

C. 5Nand6N

D. 6Nand7N

The uncertainty in reading a laboratory thermometer is 0.5°C. The temperature of a

liquid falls from 20 °C to 10 °C as measured by the thermometer. What is the percentage
uncertainty in the change in temperature?

A 25%
B. 5%

C. 75%
D. 10%

A block moving with initial speed v is brought to rest, after travelling a distance d, by a
frictional force f. A second identical block moving with initial speed u is brought to rest in the

f

same distance d by a frictional force 5 What is u?

A. v
v
B. L
J2
c. Y
2
p. Y
4
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A stone is kicked horizontally at a speed of 1.5ms™" from the edge of a cliff on one of
Jupiter’s moons. It hits the ground 2.0s later. The height of the cliff is 4.0 m.
Air resistance is negligible.

What is the magnitude of the displacement of the stone?

1.5ms™

B S

40m

ground
A. 7.0m
B. 50m
C. 40m
D. 3.0m

Two masses m, and m, are connected by a string over a frictionless pulley of negligible
mass. The masses are released from rest. Air resistance is negligible.

roof

m
Mass m, accelerates downwards at % What is —?
2

A D
3
B.
2
cC. 2
D. 3

Turn over
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A book is at rest on a table. One of the forces acting on the book is its weight.
What is the other force that completes the force pair according to Newton'’s third law of motion?
A.  The pull of the book on Earth
B.  The pull of Earth on the book
C. The push of the table on the book
D. The push of the book on the table
A cart travels from rest along a horizontal surface with a constant acceleration. What is
the variation of the kinetic energy E, of the cart with its distance s travelled? Air resistance
is negligible.

A. E B. E

k k
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Two bodies each of equal mass travelling in opposite directions collide head-on.

. 8ms™! 4ms‘.

What is a possible outcome of the collision?

-1 -1
A .5ms . 7ms

-1 —1
- @ @
C.

Zmi' .4ms—1
-1 =
D .Gms .Gms

A driver uses the brakes on a car to descend a hill at constant speed. What is correct about
the internal energy of the brake discs?

A. The internal energy increases.
B.  The internal energy decreases.
C. There is no change in the internal energy.

D. Theinternal energy is zero.

Turn over
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Two blocks, X and Y, are placed in contact with each other. Data for the blocks are provided.

Block X Block Y
Initial temperature / °C 20 80
Final temperature / °C 60 60
Specific heat capacity 2¢c c

X has a mass m. What is the mass of Y?

A D
4
B. m
C 4m
D 6m
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An ideal gas is maintained at a temperature of 100K. The variation of the pressure P and

of the gas is shown.

volume

600 -

500

400

P/ kPa 300

200

100 -

0 I I I I I I I I
0 10 20 30 40 50 60 70 80

1
volume

What is the quantity of the gas?

5
A. 2x10 mol
B. @ mol
R
C @ mol
R
D i mol
5R

Turn over

www.brilliantlearning.in



13.

14.

-8- 2222-6507

A wave of period 10 ms travels through a medium. The graph shows the variation of particle
displacement with distance for the wave.

5.0
4.0
3.0+
2.0+
1.0 -
0 .
-1.01 ' i
—2.0 -
-3.0 -
—4.0 -
-5.0 -

displacement / cm

distance / cm

What is the average speed of a particle in the medium during one cycle?

A.

B.

C.

D.

40ms™
8.0ms™
16ms™

20ms™

An interference pattern with minima of zero intensity is observed between light waves. What
must be true about the frequency and amplitude of the light waves?

o0 w »

frequency amplitude
different different
different same
same same
same different
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15. A beam of unpolarized light of intensity /; is incident on a polarizing filter. The polarizing filter

is rotated through an angle 6. What is the variation in the intensity / of the beam with angle 6
after passing through the polarizing filter?

10
5\/\/
0 0 180 360 o
C I D. I
[0
10
2
0 180 360 o 0 180 360 o
Turn over
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16. Monochromatic light of wavelength 4 is incident on two slits S, and S,. An interference
pattern is observed on the screen.

X
S1
O 0
monochromatic
source of light S,
screen

O is equidistant from S, and S,. A bright fringe is observed at O and a dark fringe at X.

There are two dark fringes between O and X. What is the path difference between the light
arriving at X from the two slits?

A2
2
. 34
2
c. 24
2
pD. *
2
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A standing wave is formed on a string. P and Q are adjacent antinodes on the wave. Three
statements are made by a student:

l. The distance between P and Q is half a wavelength.
Il. P and Q have a phase difference of & rad.

[ll.  Energy is transferred between P and Q.
Which statements are correct?
A. landllonly
B. landlll only
C. lland Il only
D. I llandlll

P and Q are two opposite point charges. The force F acting on P due to Q and the electric
field strength E at P are shown.

E F
-l @ ~
P

-t}

°
Q

Which diagram shows the force on Q due to P and the electric field strength at Q?

A. <F P =E
Q
E F
B - @
Q
E F
- ® .
C. Q
F E
o ———r———»
D Q

Turn over

www.brilliantlearning.in



-12 - 2222-6507

19. Three point charges of equal magnitude are placed at the vertices of an equilateral triangle.
The signs of the charges are shown. Point P is equidistant from the vertices of the triangle.
What is the direction of the resultant electric field at P?

20. Inthe circuit shown, the battery has an emf of 12V and negligible internal resistance.
Three identical resistors are connected as shown. The resistors each have a resistance of 10 Q.

12V oV

e La—

The resistor L is removed. What is the change in potential at X?
A. Increases by 2V

B. Decreases by 2V

C. Increases by 4V

D. Decreases by 4V

www.brilliantlearning.in
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21. Two cells are connected in parallel as shown below. Each cell has an emf of 5.0V and an
internal resistance of 2.0Q. The lamp has a resistance of 4.0 Q). The ammeter is ideal.

What is the reading on the ammeter?

A.  1.0A
B. 13A
C. 20A
D. 25A

Turn over
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22. Aconductor is placed in a uniform magnetic field perpendicular to the plane of the paper.
A force F acts on the conductor when there is a current in the conductor as shown.

current direction

l

F

v

The conductor is rotated 30° about the axis of the magnetic field.

What is the direction of the magnetic field and what is the magnitude of the force on the
conductor after the rotation?

Direction of magnetic field | Magnitude of force
A. into the plane of the paper =
_ F
B. into the plane of the paper 2
C. out of the plane of the paper =
F
D. out of the plane of the paper B
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A ball of mass 0.3kg is attached to a light, inextensible string. It is rotated in a vertical circle.
The length of the string is 0.6 m and the speed of rotation of the ball is 4ms™".

ball

What is the tension when the string is horizontal?

A. 5N
B. 8N
C. 1N
D. 13N

P and Q are two moons of equal densities orbiting a planet. The orbital radius of P is twice
the orbital radius of Q. The volume of P is half that of Q. The force exerted by the planet on P
is F. What is the force exerted by the planet on Q?

A F

B. 2F
C. 4F
D. 8F

A pure sample of iodine-131 decays into xenon with a half-life of 8 days.
number of iodine atoms remaining

What is after 24 days?
number of xenon atoms formed
A2
8
B .
7
c. I
8
p 8
7

Turn over
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The diagram shows atomic transitions E,, E, and E, when a particular atom changes its
energy state. The wavelengths of the photons that correspond to these transitions

are 1,, A, and 4,.

— 16 —

What is correct for these wavelengths?

A.

Carbon (C-12) and hydrogen (H-1) undergo nuclear fusion to form nitrogen.

What is the number of neutrons and number of nucleons in the nitrogen nuclide?

Ay>A,> Ay
A=Ayt A,
11

Ay Ay + Ay
1 1

R _+_
A Ay 3

"2C +}H—>N+ photon

o0 w »

Number of neutrons Number of nucleons
7 13
6 13
6 7
7 6
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Wind of speed v flows through a wind generator. The wind speed drops to % after passing

through the blades. What is the maximum possible efficiency of the generator?

A —
27
R
27
c. 1B
27
p. 28
27

The diagram shows, for a region on the Earth’s surface, the incident, radiated and reflected
intensities of the solar radiation.

incident 600 W m2

radiated 450 W m2
reflected 150 Wm2

,, T

surface of the Earth

What is the albedo of the region?

A
4
B. 4
3
c 3
4
D. 1

Turn over
www.brilliantlearning.in



-18 - 2222-6507

Light of wavelength A is diffracted after passing through a very narrow single slit of width x.
The intensity of the central maximum of the diffracted light is /,. The slit width is doubled.

What is the intensity of central maximum and the angular position of the first minimum?

Intensity Angular position of first minimum
A
A. 21, —
X
A
B. 21, —
2x
A
C. 4], i
X
A
D. 41, =
2x

An observer with an eye of pupil diameter d views the headlights of a car that emit light of
wavelength 1. The distance between the headlights is L.

What is the greatest distance between the observer and the car at which the images of the
headlights will be resolved by the observer’s eye?

N 1222
Ld
o 1221
d
c. _Ld
1.221
D. d
1.22/L
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A charged sphere in a gravitational field is initially stationary between two parallel metal
plates. There is a potential difference V between the plates.

/

metal plates e— charged sphere

N

Three changes can be made:

l. Increase the separation of the metal plates
Il. Increase V

lll.  Apply a magnetic field into the plane of the paper
What changes made separately will cause the charged sphere to accelerate?
A. landll only
B. landlll only
C. lland lll only
D. I llandlll
An object of mass m is launched from the surface of the Earth. The Earth has a mass M and

radius r. The acceleration due to gravity at the surface of the Earth is g. What is the escape
speed of the object from the surface of the Earth?

A \Jor

B. 2gr
C. 2Mgr
D. 2mgr

Turn over
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34. The graph shows the variation of magnetic flux @ in a coil with time t.

D

\ARAWA
VAAVIRVAAN

What represents the variation with time of the induced emf ¢ across the coil?

A. & B. &

AWAW A
VAR NV,

VAN AN,
VAR /
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A direct current [ in a lamp dissipates power P. What root mean square (rms) value of an
alternating current dissipates average power P through the same lamp?

I
2
I
B. ——
J2
c. I
D. IJ2

The arrangement shows four diodes connected to an alternating current (ac) supply. The
output is connected to an external circuit.

output

o ~o0——
What is the output to the external circuit?

A.  Full-wave rectified current

B.  Half-wave rectified current

C. Constant non-zero current

D. Zero current

Turn over
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37. Three identical capacitors are connected together as shown.

P Q R S

What is the order of increasing total capacitance for these arrangements?

A. PSRAQ
B. QRSP
C. PRSQ
D. QSRP

38. Light with photons of energy 8.0 x 10°J are incident on a metal surface in a
photoelectric experiment.

. : pA
incident light
metal surface @) /i

vacuum

The work function of the metal surface is 4.8 x 102°J. What minimum voltage is required for
the ammeter reading to fall to zero?

A 02V
B. 03V
C. 05V
D. 0.8V

www.brilliantlearning.in



-23 - 2222-6507
39. Whatis evidence for wave—particle duality?
A. Line spectra of elements
B. Electron-diffraction experiments
C. Rutherford alpha-scattering experiments

D. Gamma-ray spectra

40. The decay constant, 4, of a radioactive sample can be defined as
A.  the number of disintegrations in the radioactive sample.
B. the number of disintegrations per unit time in the radioactive sample.
C. the probability that a nucleus decays in the radioactive sample.

D. the probability that a nucleus decays per unit time in the radioactive sample.
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