
© 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 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, 2023

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/.



2223 – 6507

© International Baccalaureate Organization 202328 pages

2 May 2023

Zone A afternoon Zone B morning Zone C morning

1 hour

Physics

Higher level

Paper 1

Instructions to candidates

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

	y Answer all the questions.

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

the answer sheet provided.

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

	y The maximum mark for this examination paper is [40 marks].
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1. The ratio of the diameter of an atom to the diameter of its nucleus is:

A. 101

B. 103

C. 105

D. 107

2. The kinetic energy of a body is determined from measurements of its momentum p and its mass m.

The percentage uncertainties in the measurements are:

p ± 3 %

m ± 4 %

What is the percentage uncertainty in the kinetic energy?

A. 7 %

B. 10 %

C. 13 %

D. 14 %
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Turn over

3. A car travels clockwise around a circular track of radius R. What is the magnitude of displacement 

from X to Y?

X

Y

R

A. R
3

2

π

B. R
π
2

C. 2R

D.  R
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4. A stone of mass m is projected vertically upwards with speed u from the top of a cliff. The speed of 

the stone when it is just about to hit the ground is v.

u

v

What is the magnitude of the change in momentum of the stone?

A. m
v u��

�
�

�

�
�

2

B. m
v u��

�
�

�

�
�

2

C.  m (v + u)

D.  m (v - u)
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Turn over

5. A car accelerates uniformly. The car passes point X at time t1 with velocity v1 and point Y at time t2 

with velocity v2 . The distance XY is s.

X Y

s

The following expressions are proposed for the magnitude of its acceleration a:

I. a
s

t t

=
2

2 1

2

�� �

II. a
v v

s
=

2

2

1

2

2

-

III. a
v v

t t
=

2 1

2 1

-
-

Which is correct?

A. I and II only

B. I and III only

C. II and III only

D. I, II and III
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6. A ball attached to a string is made to rotate with constant speed along a horizontal circle. The string 

is attached to the ceiling and makes an angle of θ ° with the vertical. The tension in the string is T.

 

θ

vertical

What is correct about the horizontal component and vertical component of the net force on 

the ball?

Horizontal component Vertical component

A. T cos θ T sin θ

B. T sin θ T cos θ

C. T cos θ 0

D. T sin θ 0
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Turn over

7. A block of mass 2.0 kg is placed on a trolley of mass 5.0 kg, moving horizontally. A force of 8.0 N 

is applied to the block which slides on the surface of the trolley. The frictional force between the 

trolley and the ground is zero.

8.0 N

The trolley accelerates at a rate of 1.0 m s
-2. What is the coefficient of dynamic friction between the 

block and the trolley?

A. 0.05

B. 0.15

C. 0.25

D. 0.35

8. The input power of an electric motor is 200 W. It is used to raise a mass of 10 kg at constant speed. 

If the efficiency of the motor is 40 %, through what height will the mass be raised in 1 second?

A. 0.5 m

B. 0.8 m

C. 1.2 m

D. 2.0 m

9. The temperature of an object is changed from θ1 °C to θ2 °C. What is the change in temperature 

measured in kelvin?

A. (θ2 - θ1)

B. (θ2 - θ1) + 273

C. (θ2 - θ1) - 273

D. 273 - (θ2 - θ1)
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10. A metal cube X of length L is heated gaining thermal energy Q. Its temperature rises by ΔT. A 

second cube Y, of length 2L, made of the same material, gains thermal energy of 2Q.

What is the temperature rise of Y?

A. 
ΔT

8

B. 
ΔT

4

C. ΔT

D. 2ΔT

11. Which graph represents the variation with displacement of the potential energy P and the total 

energy T of a system undergoing simple harmonic motion (SHM)?

A.

T

P

energy

displacement

B.

T

P

energy

displacement

C.

P

T

energy

displacement

D.

T

P

energy

displacement
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Turn over

12. A wave is polarized. What must be correct about the wave?

It is a…

A. transverse wave.

B. longitudinal wave.

C. standing wave.

D. travelling wave.

13. A group of students perform an experiment to find the refractive index of a glass block. They 

measure various values of the angle of incidence i and angle of refraction r for a ray entering the 

glass from air. They plot a graph of the sin r against sin i.

0

0

sin r

sin i

They determine the gradient of the graph to be m.

Which of the following gives the critical angle of the glass?

A.  sin
-1(m)

B. sin
� �

�
�

�

�
�

1 1

m

C.  m

D. 
1

m
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14. A standing wave is formed in a pipe open at one end and closed at the other. The length of the 

pipe is L and the speed of sound in the pipe is V.

L

n is a positive integer.

What expression is correct about the frequencies of the harmonics in the pipe?

A. 
2 1

2

n V

L

�� �

B. 
2 1

4

n V

L

�� �

C. 
nV

L2

D. 
nV

L4

15. Two positive charges of magnitude q and 2q are fixed as shown. At which position is the electric 

field, due to these charges, equal to zero?

A B C D

q 2q
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16. P and Q are two conductors of the same material connected in series. Q has a diameter twice 

that of P.

What is 
drift speed of electrons in P

drift speed of electrons in Q
?

P
Q

A.  4

B.  2

C. 
1

2

D. 
1

4



– 12 – 2223 – 6507

17. Three lamps (X, Y and Z) are connected as shown in the circuit. The emf of the cell is 20 V. The 

internal resistance of the cell is negligible. The power dissipated by X, Y and Z is 10 W, 20 W and 

20 W respectively.

X

Y

Z

20 V

What is the voltage across Lamp X and Lamp Y?

Lamp X Lamp Y

A. 16 V 4 V

B. 4 V 16 V

C. 4 V 8 V

D. 16 V 16 V
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Turn over

18. An electron enters a region of uniform magnetic field at a speed v. The direction of the electron is 

perpendicular to the magnetic field. The path of the electron inside the magnetic field is circular 

with radius r.

magnetic field

electron

The speed of the electron is varied to obtain different values of r.

Which graph represents the variation of speed v with r ?

A.
v

r

B.
v

r

C.
v

r

D.
v

r
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19. P and R are parallel wires carrying the same current into the plane of the paper. P and R are 

equidistant from a point Q. The line PQ is perpendicular to the line RQ.

P

Q R

The magnetic field due to P at Q is X. What is the magnitude of the resultant magnetic field at Q 

due to both wires?

A. 
X

2

B. X

C. X 2

D. 2X
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20. A stuntman rides a motorcycle on the inside surface of a cylinder.

Which is the correct free-body diagram showing all the forces acting on the cyclist at that position?

A.

cylinder wall

B.

cylinder wall

C.

cylinder wall

D.

cylinder wall
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21. The energy levels E of an atom are shown.

E
5 E

4

E
3

E
1

E
2

Which emission spectrum represents the transitions?

A.
increasing wavelength

B.
increasing wavelength

C.
increasing wavelength

D.
increasing wavelength
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22. Three claims are made about the structure of the atom.

I. Most of the atom is empty space.

II. The positive charge of the atom is concentrated in a small volume.

III. The electrons have discrete energy levels.

Which of these claims can be deduced from the Rutherford-Geiger-Marsden scattering 

experiment?

A. I and II only

B. I and III only

C. II and III only

D. I, II and III

23. This interaction between a proton and a pion violates two or more conservation laws.

p + π-
 → K 

-
 + π+

Quark composition of particles:

π-
 = d ū,  π+

 = u d̄, K 
-
 = s ū, p = u u d

Which laws are violated by this interaction?

I. Conservation of charge

II. Conservation of strangeness

III. Conservation of baryon number

A. I and II only

B. I and III only

C. II and III only

D. I, II and III
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24. A student claims that the following three factors may affect the rate of global warming.

I. Increased volcanic activity

II. Increased solubility of carbon dioxide (CO2) in the ocean

III. Increased rate of deforestation

Which factors can increase the rate of global warming?

A. I and II only

B. I and III only

C. II and III only

D. I, II and III

25. Two surfaces X and Y emit radiation of the same surface intensity. X emits a radiation of peak 

wavelength twice that of Y.

What is 
emissivity of X

emissivity of Y
?

A. 
1

16

B. 
1

2

C. 2

D. 16

26. A simple pendulum oscillates with frequency  f . The length of the pendulum is halved. What is the 

new frequency of the pendulum?

A. 2 f 

B. 2 f

C. 
f

2

D. 
f

2
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27. The intensity pattern of monochromatic light of wavelength λ, is projected onto a screen.

-0.3 0.30

intensity

θ / rad

What combination produces this pattern?

Number of slits Width of slits

A. 1 smaller than λ

B. 1 greater than λ

C. 2 smaller than λ

D. 2 greater than λ
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28. What is the pattern observed when white light passes through a diffraction grating?

A.

w
h
it
e

w
h
it
e

w
h
it
e

w
h
it
e

w
h
it
e

B.

re
d

o
ra

n
g

e
y
e

llo
w

g
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e
n
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e
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d
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o
v
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t

C.
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d
o
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n
g

e
y
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e

D.

w
h
it
e
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29. Source S produces sound waves of speed v and frequency  f . S moves with constant velocity 
v

5
 

away from a stationary observer.

S

v

5

observer

What is the frequency measured by the observer?

A. 
4

5
f

B. 
5

6
f

C. 
6

5
f

D. 
5

4
f
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30. Two isolated point masses, P of mass m and Q of mass 2m, are separated by a distance 3d. X is a 

point a distance d from P and 2d from Q.

P Q

d 2d

X

What is the net gravitational field strength at X and the net gravitational potential at X?

Net gravitational field 

strength at X

Net gravitational 

potential at X

A.
Gm

d
2

0

B.
Gm

d
2

-
2Gm

d

C.
Gm

d2 2
0

D.
Gm

d2 2
-

2Gm

d
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31. A negatively charged particle is stationary halfway between two horizontal charged plates. The 

plates are separated by a distance d with potential difference V between them.

particle d

What is the magnitude of the electric field and direction of the electric field at the position of 

the particle?

Magnitude of 

electric field

Direction of 

electric field

A.
2V

d
up

B.
V

d
up

C.
2V

d
down

D.
V

d
down

32. The escape speed from the surface of earth is vesc. The radius of earth is R. A satellite of mass m 

is in orbit at a height 
R

4
 above the surface of the Earth. What is the energy required to move the 

satellite to infinity?

A. 
mv

esc

2

5

B. 
2

5

2
mv

esc

C.  mv 2esc

D.  2mv 2esc
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33. Which law is equivalent to the law of conservation of energy?

A. Coulomb’s law

B. Ohm’s Law

C. Newton’s first law

D. Lenz’s law
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34. Wire XY moves perpendicular to a magnetic field in the direction shown.

X

Y

magnetic field into the

plane of paper

The graph shows the variation with time of the displacement of XY.

s

t

What is the graph of the electromotive force (emf) ε induced across XY?

A. ε

t

B. ε

t

C. ε

t

D. ε

t
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35. Three changes are made to a transformer.

I. increasing the thickness of wire in the coils

II. laminating the soft iron core

III. using wire with lower resistivity

Which changes will reduce power losses in the transformer?

A. I and II only

B. I and III only

C. II and III only

D. I, II and III

36. A resistor of resistance R is connected to an alternating current power supply. The peak voltage 

across the resistor is V0.

What is the mean power dissipated by the resistor?

A. 
V

R

0

2
2

B. 
V

R

0

2

C. 
V

R

0

2

2

D. 
V

R

0

2

2

37. A gamma ray can split into an electron and a positron when it passes through certain materials. 

Which process describes this phenomenon?

A. Pair production

B. Pair annihilation

C. Nuclear fission

D. Radioactive decay
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38. In the Bohr model for hydrogen, the radius of the electron orbit in the n = 2 state is four times that 

of the radius in the n = 1 state.

What is 
speed of the electron in the n = 2 state

speed of the electrron in the n =1 state
?

A. 
1

4

B. 
1

2

C. 2

D. 4

39. Which statement about atomic nuclei is correct?

The density is…

A. directly proportional to mass number.

B. inversely proportional to nuclear radius.

C. inversely proportional to volume.

D. constant for all nuclei.
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40. Radioactive nuclide X decays into a stable nuclide Y. The decay constant of X is λ. The variation

with time t of number of nuclei of X and Y are shown on the same axes.

t

Y

X

s0,0

number of nuclei

What is the expression for s?

A. 
ln2

λ

B. 
1

λ

C. 
λ
ln2

D. ln2
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