Diploma Programme
Programme du diplome

Programa del Diploma

© International Baccalaureate Organization 2021

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 2021

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 Il'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, 2021

Todos los derechos reservados. No se podra reproducir ninguna parte de este producto
de ninguna forma ni por ningiin 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
Standard level
Paper 1

Monday 3 May 2021 (afternoon)

45 minutes

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 [30 marks].
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Which lists one scalar and two vector quantities?

A.
B.
C.
D.

Two sets of data, shown below with circles and squares, are obtained in two experiments.
The size of the error bars is the same for all points.

Mass, momentum, potential difference
Mass, power, velocity
Power, intensity, velocity

Power, momentum, velocity

10

0 1 2

3 4
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What is correct about the absolute uncertainty and the fractional uncertainty of the y intercept
of the two lines of best fit?

Absolute uncertainty

Fractional uncertainty

larger for squares

same

larger for squares

larger for squares

same

same

c o w >

same

larger for squares
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A large stone is dropped from a tall building. What is correct about the speed of the stone after 1s?
A. ltis decreasing at increasing rate.
B. Itis decreasing at decreasing rate.
C. ltisincreasing at increasing rate.

D. ltisincreasing at decreasing rate.

The graph shows how the position of an object varies with time in the interval from 0 to 3s.

position / m

I
0 1 2 3 time/s

At which point does the instantaneous speed of the object equal its average speed over the
interval from 0 to 3s?

A car takes 20 minutes to climb a hill at constant speed. The mass of the car is 1200kg
and the car gains gravitational potential energy at a rate of 6.0kW. Take the acceleration of
gravity to be 10ms™. What is the height of the hill?

A. 0.6m
B. 10m
C. 600m
D. 6000m

Turn over
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A ball undergoes an elastic collision with a vertical wall. Which of the following is equal to zero?
A.  The change of the magnitude of linear momentum of the ball
B.  The magnitude of the change of linear momentum of the ball
C. The rate of change of linear momentum of the ball
D. The impulse of the force on the ball

Two forces act on an object in different directions. The magnitudes of the forces are 18N and
27 N. The mass of the object is 9.0kg. What is a possible value for the acceleration of the object?

A. Oms™

B. 0.5ms™
C. 2.0ms™
D. 6.0ms™

Two identical boxes are stored in a warehouse as shown in the diagram. Two forces acting
on the top box and two forces acting on the bottom box are shown.

Which is a force pair according to Newton’s third law?

A. 1and 2
B. 3and4
C. 2and3

D. 2and4



10.

11.

12.
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An electron has a linear momentum of 4.0 x 10°kgms™". What is the order of magnitude of
the kinetic energy of the electron?

A 107
B. 107*J
C. 10™J
D. 10°J

Which aspect of thermal physics is best explained by the molecular kinetic model?

A.  The equation of state of ideal gases

B. The difference between Celsius and Kelvin temperature

C. The value of the Avogadro constant

D. The existence of gaseous isotopes

When 40kJ of energy is transferred to a quantity of a liquid substance, its temperature
increases by 20K. When 600kJ of energy is transferred to the same quantity of the liquid at

its boiling temperature, it vaporizes completely at constant temperature. What is

specific latent heat of vaporization

specific heat capacity of the liquid

for this substance?

A.  15K"
B. 15K
C. 300K
D. 300K

A quantity of 2.00 mol of an ideal gas is maintained at a temperature of 127°C in a container
of volume 0.083m?>. What is the pressure of the gas?

A. 8kPa

B. 25kPa
C. 40kPa
D. 80kPa

Turn over
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13. An object performs simple harmonic motion (shm). The graph shows how the velocity v of the
object varies with time t.

o\ /.

0 t

The displacement of the object is x and its acceleration is a. What is the variation of x with ¢
and the variation of a with ¢?

0 \/ t t

X a

B 0 0
: \/ S \/ t

X a

o
o
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15.

16.
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A sound wave has a frequency of 1.0kHz and a wavelength of 0.33m. What is the distance
travelled by the wave in 2.0 ms and the nature of the wave?

Distance travelled in 2.0 ms

Nature of the wave

o o w >

0.17m longitudinal
0.17m transverse
0.66m longitudinal
0.66m transverse

Two identical waves, each with amplitude X, and intensity /, interfere constructively. What are

the amplitude and intensity of the resultant wave?

Three quantities used to describe a light wave are

Amplitude of the resultant wave

Intensity of the resultant wave

c o w >

X, 21
2X, 21
X, 41
2X, 41

l. frequency
II.  wavelength

lll. speed.

Which quantities increase when the light wave passes from water to air?

A.

B.

C.

D.

I and Il only

[ and Il only
Il and Il only
l, I and 1l

Turn over
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A pipe of length L is closed at one end. Another pipe is open at both ends and has length 2L.

What is the lowest common frequency for the standing waves in the pipes?

speed of sound in air

A.
8L
B speed of sound in air
' 4L
c speed of sound in air
' 2L
speed of sound in air
D. 1

Two charges Q, and Q,, each equal to 2 nC, are separated by a distance 3m in a vacuum.

What is the electric force on Q, and the electric field due to Q, at the position of Q,?

Electric force on Q, Electric;::slic:i::eo:oQ? at the
A. 4x10°N 2NC™
B. 4N 2NC™
C. 4x10°N 2x10°NC™
D. 4N 2x10°NC™
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Two conductors S and T have the V/I characteristic graphs shown below.

I1A
8

What is the emf of the cell?

A.

4.0V

5.0V

8.0V

13V

7

8 VIV
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Turn over
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For a real cell in a circuit, the terminal potential difference is at its closest to the emf when
A. theinternal resistance is much smaller than the load resistance.

B. alarge current flows in the circuit.

C. the cell is not completely discharged.

D. the cellis being recharged.

A long straight vertical conductor carries a current / upwards. An electron moves with
horizontal speed v to the right.

What is the direction of the magnetic force on the electron?

A. Downwards

B. Upwards

C. Into the page

D. Out of the page

A child stands on a horizontal rotating platform that is moving at constant angular speed. The
centripetal force on the child is provided by

A. the gravitational force on the child.

B.  the friction on the child’s feet.

C. the tension in the child’s muscles.

D. the normal reaction of the platform on the child.



23.

24,

25.
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Which is the definition of gravitational field strength at a point?
A.  The sum of the gravitational fields created by all masses around the point

B.  The gravitational force per unit mass experienced by a small point mass at that point

M , . , ,
C. G—;, where Mis the mass of a planet and r is the distance from the planet to the point
r

D. The resultant force of gravitational attraction on a mass at that point

A simple model of an atom has three energy levels. The differences between adjacent energy
levels are shown below.

energy a
6.63x10°"°J

13.3x107"°J

What are the two smallest frequencies in the emission spectrum of this atom?

A. 0.5x10"Hzand 1.0 x 10" Hz

B. 0.5x10"Hzand 1.5 x 10"°Hz

C. 1.0x10"Hzand 2.0 x 10"°Hz

D. 1.0x10"Hzand 3.0 x 10"°Hz

What is the relation between the value of the unified atomic mass unit in grams and the value
of Avogadro’s constant in mol™'?

A. Theirratiois 1.

B.  Their productis 1.

C. Theirsumis 1.

D. Their difference is 0.

Turn over
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28.
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Three particles are produced when the nuclide 5, Mg undergoes beta-plus (8") decay. What
are two of these particles?

23 0
A. TNaand v,
0 0
B. _eand v,
23 0y
C. 7 Naand v,

0 0
D. ‘eand v,

A particle reaction is
p+e+V,>n+u+v,.
Which conservation law is violated by the reaction?
A.  Baryon number
B. Charge
C. Lepton number
D. Momentum
Which change produces the largest percentage increase in the maximum theoretical power
output of a wind turbine?
A. Doubling the area of the blades
B.  Doubling the density of the fluid
C. Doubling the radius of the blades

D. Doubling the speed of the fluid
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29. Ablack body at temperature T emits radiation with peak wavelength /4 and power P. What is

A
the temperature of the black body and the power emitted for a peak wavelength of ?”?

Temperature of the black body Power emitted by the black body
A I L
2 16
T P
B. — —
2 4
2T 4P
D. 2T 16P

30. In a simple climate model for a planet, the incoming intensity is 400 Wm™ and the radiated
intensity is 300Wm™.

incoming
400Wm=
radiated
300Wm-™2
reflected \
g planet {:: : )

The temperature of the planet is constant. What are the reflected intensity from the planet
and the albedo of the planet?

Reflected intensity from the planet Albedo of the planet
A. 100Wm™2 0.25
B. 100Wm™2 0.75
C. 300Wm™ 0.25
D. 300Wm™ 0.75
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