Diploma Programme
Programme du diplome

Programa del Diploma

© International Baccalaureate Organization 2024

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 2024

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 [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, 2024

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

International Baccalaureate”
Baccalauréat International
Bachillerato Imtemnacional




Diploma Programme
Programme du dipléme

Programa del Diploma

Physics
Higher level
Paper 1

7 November 2024

Zone A afternoon | Zone B afternoon | Zone C afternoon

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 radius of a sphere is R. The absolute uncertainty in R is AR.

What is the fractional uncertainty in the volume of the sphere?

A 3AR
R
3
5. (ﬁj
R
C. 4nAR
3R
3
D. 47 [ﬁj
R

Astronomers have measured that the magnetic fields of some stars are of order 10" T. Physicists
have measured the magnetic fields of some laboratory magnets to be 1T.

Three types of uncertainty are:

l. absolute uncertainty.
II.  fractional uncertainty.

[ll.  percentage uncertainty.
What types should the groups use to compare the precision of their measurements?
A. landllonly
B. landlll only
C. lland lll only

D. I llandlll
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3.  Arunner accelerates from rest and reaches a constant speed at time T.

What is the variation of displacement with time?
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4. Aballoon rises at a steady vertical velocity of 10ms™. An object is released at rest relative to the
balloon when the object is at a height 120m above the ground. Air resistance is negligible.

What time, to the nearest second, does the object take to hit the ground?

A. 4s
B. ©&s
C. ©6s
D. 12s

Turn over
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When a horizontal spring is extended by a distance x, the force acting on the spring is F. The
extension of the spring is directly proportional to the force.

What is the energy stored in the spring?

A F
) 2x
B Fx
c Fx
2

2
X

D =

A toy car collides with an identical toy car at rest. The cars stick together. The surface
is frictionless.

Three statements about this collision are:

l. The speed of one car decreases and the speed of the other car increases.
Il. Total momentum is conserved.

lll.  Kinetic energy is conserved.
Which statements are true?
A. landllonly
B. landlll only
C. lland Il only

D. I llandlll
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7. Atrolley of mass mis moving with speed u. A load is dropped onto the trolley so that it immediately
attaches to the trolley. The speed of the trolley and the load becomes v.

u—m--—» vV —»

load

oo oo

before after

What is the mass of the load?

A m(u-v)
v
B m(u+v)
v
c. ™
v
D ™
u

8.  An object of mass m is being heated by a source of constant power P.
The rate of change of the temperature of the object is S.
What is the specific heat capacity of the object?

A S

O
o 3o @fF v

Turn over
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An ideal gas is in a container with a movable piston. The piston compresses the gas rapidly.

The temperature of the gas increases because

A.

B.

C.

D.

molecules bounce off the piston with increased speed.
molecules collide with the piston more frequently.
molecules exert a greater force on the piston.

the number of molecules per cubic metre has increased.

A travelling wave of time period 2.0s is moving through a medium. The graph shows, for one
instant, the variation with distance of the displacement of particles in the medium.

displacement of
particles

0.0 0.75 1.50 2.25 3.0
distance/m

What is the speed of the wave?

A.

B.

0.75ms™
1.5ms™
3.0ms™

6.0ms™
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Source X and source Y both emit waves of wavelength 0.40m. There is a constant phase

difference of mrad between the sources. Point P is 5.2m from X and 4.6 m from Y. The amplitude
of each wave at P is A.

diagram not to scale

XO
52m

46m

What is the amplitude of the resultant wave at P?

AL O
B. A
c. 2a
2
D. 2A

An electromagnetic wave travels from medium 1 to medium 2. The wavelength of the wave in
medium 1 is A,. The wavelength of the wave in medium 2 is A,. The refractive index of medium
1isn.

medium 1 . medium 2
"
<+—> i <+
/11 I )“2

What is the refractive index of medium 2?

A AN
)“2
B. 7N
2,
c. X
A
p. &
)“2

Turn over
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13. Asingle pulse travels towards the free end of a hanging vertical string. The pulse is reflected.

direction of °
incident pulse

free end
What is the shape of the reflected pulse?
A. ] B. 4
direction of direction of
reflected pulse reflected pulse

/ \

free end free end

direction of . direction of
reflected pulse reflected pulse

\ /

free end free end
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Electric field lines

A.  can cross each other.

B. are parallel to equipotential surfaces.

C. are directed from negative to positive charges.

D. show field strength by their density.

What is the unit of resistivity in fundamental Sl units?
A.  kgms?A™

B. kgm’sPA?

C. kgm®sPA?

D. kgm’sPA™

8824-9590

A cell has an emf of 17.0V and internal resistance r. It is connected to two 10 Q2 external resistors.

———————————————

10Q

10Q

There is a current of 1.5A in one of the external resistors.

What is the value of r?

A, 034Q
B. 0.50Q
C. 0.67Q
D. 13Q

Turn over
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P and Q are two parallel wires perpendicular to the page that carry currents of equal magnitude in
opposite directions. The current in P is out of the page. R is a fixed point equidistant from P and Q.

What is the direction of the magnetic field produced at R?

D. A.
wire P (o) >o<
C. B
®
wire Q

An aircraft of mass M turns in a horizontal circle. The net force on the aircraft is F.

A second aircraft makes a horizontal turn with double the radius at the same speed. The mass of
the second aircraft is 1.5 M.

What is the net force on the second aircraft?

A 2F
3
B. °F
4
o 3
2
p. 2F
3

An unstable nuclide has too many protons.
What is the most likely decay of the nuclide?
A. Alpha

B. Beta minus

C. Betaplus

D. Gamma
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20. The four energy states for an atom are shown.

energy increasing 2

What is the lowest frequency of radiation that can be absorbed by the atom?

B s ,;E1
c. b ;E“
p. & ;E3

Turn over
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22,

23.

Which Feynman diagram shows beta minus () decay?

A.

time

The Z° particle is a baryon.

What is the quark structure of this particle?

A. uus
B. uss
C. us
D. us

Once research is completed, scientists gather support for the validity of their work by

A.  using common terminology.
B. collaborating with others.

C. improving their instrumentation.

D. obtaining a review by independent scientists.

- 12 —
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Three energy sources for power stations are:

l. nuclear fuel.
[I.  sunlight.

lll.  fossil fuel.
Which energy sources are primary sources?
A. landllonly
B. landlll only
C. lland Il only

D. I llandlll

8824-9590

The surface of a planet absorbs an intensity of 400Wm™ and reflects 100 Wm™. The surface of
the planet is at equilibrium at a constant temperature.

What is the albedo of the planet surface and the radiated intensity?

Albedo of the planet surface Radiated intensity/Wm™
A. 0.20 300
B. 0.20 400
C. 0.25 300
D. 0.25 400

An iceberg oscillates up and down in the sea with simple harmonic motion. At time ¢ = 0 the iceberg
is at the lowest point in its motion. At this instant its displacement is —x, relative to the equilibrium

sea level. The angular frequency of the iceberg is .
What is the velocity of the iceberg at time ¢?

A.  wx,coswt

B. owx,sinwt

C. -—wx,coswt

D. -wx,sinwt

Turn over
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Light of wavelength 4 is incident on a slit of width b and forms a diffraction pattern. The central

2
maximum has a width of 0 radians. The wavelength of the light is now changed to gl and the slit

1
width is changed to Eb'

What is the angle between the first diffraction minimum and the point of maximum intensity?

1

A o
4
B. o
2
c. 20
D. 40

Monochromatic light of wavelength 4 is incident normally on a diffraction grating of slit spacing %1.

What is the total number of maxima that can be produced using this arrangement?

A 4
B. 5
C. 9
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29.

shown.

relative intensity

A

source
1

source

A blue filter is now used.

What diffraction patterns will be observed for the two sources?

A. relative intensity

source X\  source

angle
C L :
relative intensity
source source
1 2
angle

B.

relative intensity

A

source

8824-9590

Source 1 and source 2 are observed by an optical system. When a green filter is used in the
optical system, the two sources are just resolved. The diffraction pattern for the two sources is

relative intensity

A

source T/

\
B
1 I
I
1

source

Turn over
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30. X shows the position of a spectral line in the emission spectrum of helium from a stationary source
in a laboratory on Earth. The emission spectrum of helium from a star moving towards Earth is also
observed. The speed of the star relative to Earth is 0.1c.

What is the observed position of the same spectral line in the emission spectrum of helium from
the star?

400 500 600 700
wavelength / nm

31. The diagram shows gravitational equipotential surfaces around two identical masses.

The greatest external work is done when a test mass is moved from

A. XtoY.
B. WtoY.
C. YtoZ

D. WtoZ
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The graph shows the variation of the gravitational potential V with distance r from the centre of a
planet of radius R.

0,0 } } r

A mass mis placed at r=3R.

What quantity when multiplied by m gives the gravitational potential energy of m due to the planet?
A. Gradient of a tangent line at 3R

B.  Area under the curve between R and 3R

C. Gravitational potential value at 3R

D. Difference in gravitational potential values at 3R and R

The escape speed from planet X is v,.. Planet Y has twice the density and half the radius of
planet X.

What is the speed required to escape the gravitational field of planet Y?

A Ve
4
B, Jesc
2
C . VeSC \/E
2
D veSC ‘\/E

Turn over
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34. Acircular coil of wire is in a region of uniform magnetic field directed out of the page, refer to
Figure 1. The area of coil in the region varies with time as shown in the graph.

Figure 1
area |
@©/® ® O\®
®©©® © o ®
(OROROMOZO]
position X
time =0 >

T ’ time

N~

What is the induced current in the loop plotted with time?

. A
A. clockwise
induced current \ ;, time
T T
) 2
counterclockwise
v
A
B. clockwise A
induced current 4 » time
T T
) 2
counterclockwise
v
A
C. clockwise
induced current : » time
T T
) 2
counterclockwise
v
A
D. clockwise
induced current : —» time
T T
) 2
counterclockwise
v




35.
induced emf varies with time.

A

emf

- 19 —
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An alternating current (ac) generator rotates 300 times in 60s. The dashed line shows how the

Which graph represents the induced emf produced when the same generator rotates 400 times in
40s? The original induced emf is shown by the dashed line.

A. emf 4

N time

v

emf 4

time

y

N
N

B.

emf 4

emf 4

Turn over
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36. A capacitor discharges through a resistor. The graph shows the variation with time t of the voltage
V across the capacitor.

Given 1 is 0.37.
e
1.2 -
1.0 -

0.8 1

VIV

0.6 1

0.4 1

0.2 1

0.0 T T T T T T T 1
00 02 04 06 08 10 12 14 16

t/s

What is the time constant 7 for the circuit?

A.  0.12s
B. 0.32s
C. 044s

D. 0.68s
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38.

39.
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Four 10 uF capacitors are connected.

What is the total capacitance between P and Q7?

A.  0.25pF
B. 4.0uF
C. 5.0uF
D. 25puF

Electrons are accelerated through a potential difference and are incident on a sample of crystal
atoms causing a diffraction pattern.

When the potential difference is increased, the maxima
A. are closer together.

B. are farther apart.

C. have a similar intensity.

D. are unchanged.

An electron exists in an excited state for about 10"°s.

What is an estimate of the minimum uncertainty in the electron’s energy?

A 10°J
B. 10°J
C. 10°eV
D. 10°eV

Turn over
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40. The radius of a nucleus of a particular nuclide X is 4.8 fm.

What is the nucleon number of X?

A. 48
B. 64
C. 128

D. 148






