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Physics
Higher level
Paper 1
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Monday 3 May 2021 (afternoon)

1 hour  

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. A student measures the length l and width w of a rectangular table top.

What is the absolute uncertainty of the perimeter of the table top?

w = (20.0 ± 0.2) cm

l = (10.0 ± 0.1) cm

A. 0.3 cm

B. 0.6 cm

C. 1.2 cm

D. 2.4 cm

2. The minute hand of a clock hanging on a vertical wall has length L = 30 cm.

L

P
12

1

2

3

4

5
6

7

8

9

10

11

The minute hand is observed pointing at 12 and then again 30 minutes later when the minute 
hand is pointing at 6.

(This question continues on the following page)
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(Question 2 continued)

What is the average velocity and average speed of point P on the minute hand during this 
time interval?

Average velocity Average speed

A. 2 cm min-1 vertically downwards π cm min-1

B. 2 cm min-1 vertically upwards π cm min-1

C. 2π cm min-1 vertically downwards 2π cm min-1

D. 2π cm min-1 vertically upwards 2π cm min-1

3. A block rests on a rough horizontal plane. A force P is applied to the block and the block 
moves to the right.

F P

There is a coefficient of friction µd giving rise to a frictional force F between the block and  
the plane. The force P is doubled. Will µd and F be unchanged or greater?

µµd F

A. unchanged unchanged

B. unchanged greater

C. greater greater

D. greater unchanged

Turn over
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4. A projectile is launched at an angle above the horizontal with a horizontal component of 
velocity Vh and a vertical component of velocity Vv. Air resistance is negligible. Which graphs 
show the variation with time of Vh and of Vv?

A. 

0 0 t
0 0 t

Vh Vv

B. 

0 0 t
0 0 t

Vh Vv

C. 

0 0 t
0 0 t

Vh Vv

D. 

0 0 t
0 0 t

Vh Vv
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5. A person with a weight of 600 N stands on a scale in an elevator.

elevator

scale

What is the acceleration of the elevator when the scale reads 900 N?

A. 5.0 m s-2 downwards

B. 1.5 m s-2 downwards

C. 1.5 m s-2 upwards

D. 5.0 m s-2 upwards

6. Two identical blocks, each of mass m and speed v, travel towards each other on a  
frictionless surface.

m mv v

The blocks undergo a head-on collision. What is definitely true immediately after the collision?

A. The momentum of each block is zero.

B. The total momentum is zero.

C. The momentum of each block is 2mv.

D. The total momentum is 2mv.

Turn over
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7. The graph shows the variation with distance of a horizontal force acting on an object. 
The object, initially at rest, moves horizontally through a distance of 50 m.
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A constant frictional force of 2.0 N opposes the motion. What is the final kinetic energy of the 
object after it has moved 50 m?

A. 100 J 

B. 500 J 

C. 600 J 

D. 1100 J 

8. A sample of oxygen gas with a volume of 3.0 m3 is at 100 °C. The gas is heated so that it 
expands at a constant pressure to a final volume of 6.0 m3. What is the final temperature 
of the gas?

A. 750 °C

B. 470 °C

C. 370 °C

D. 200 °C
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9. Two identical containers X and Y each contain an ideal gas. X has N molecules of gas at an 
absolute temperature of T and Y has 3N molecules of gas at an absolute temperature of T

2
. 

What is the ratio of the pressures P
P
Y

X

?

X Y

A. 1
6

B. 2
3

C. 3
2

D.  6

10. A piece of metal at a temperature of 100 °C is dropped into an equal mass of water at a 
temperature of 15 °C in a container of negligible mass. The specific heat capacity of water 
is four times that of the metal. What is the final temperature of the mixture?

A. 83 °C

B. 57 °C

C. 45 °C

D. 32 °C

11. The bob of a pendulum has an initial displacement xo to the right. The bob is released and 
allowed to oscillate. The graph shows how the displacement varies with time. At which point 
is the velocity of the bob at its maximum magnitude directed towards the left?

A.
0 0

B.

C.

D.

time

displacement

x0

Turn over
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12. Which graph shows the variation of amplitude with intensity for a wave?

A. 

0
0

amplitude

intensity

B. 

0
0

amplitude

intensity

C. 

0
0

amplitude

intensity

D. 

0
0

amplitude

intensity

13. Unpolarized light of intensity I1 is incident on a polarizer. The light that passes through this 
polarizer then passes through a second polarizer.

first polarizer

second polarizer

unpolarized 
incident

light

emergent light

I1

The second polarizer can be rotated to vary the intensity of the emergent light. What is the 
maximum value of the intensity emerging from the second polarizer?

A. 
I1
4

B. 
I1
2

C. 
2
3
1I

D. I1
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14. The frequency of the first harmonic in a pipe is measured. An adjustment is then made which 
causes the speed of sound in the pipe to increase. What is true for the frequency and the 
wavelength of the first harmonic when the speed of sound has increased?

Frequency Wavelength

A. increase unchanged

B. unchanged increase

C. increase increase

D. unchanged unchanged

15. The diagram shows two cylindrical wires, X and Y. Wire X has a length l, a diameter d, and a 
resistivity ρ. Wire Y has a length 2l, a diameter of d

2
 and a resistivity of ρ

2
.

X

Y

d

2
d

l

2l

What is resistance of X
resistance of Y

?

A. 4

B. 2

C. 0.5

D. 0.25

16. An ion moves in a circle in a uniform magnetic field. Which single change would increase the 
radius of the circular path?

A. Decreasing the speed of the ion

B. Increasing the charge of the ion

C. Increasing the mass of the ion

D. Increasing the strength of the magnetic field

Turn over
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17. A circuit contains a variable resistor of maximum resistance R and a fixed resistor, also of 
resistance R, connected in series.The emf of the battery is 6.0 V and its internal resistance 
is negligible.

R

0–R

6.0 V

V

What are the initial and final voltmeter readings when the variable resistor is increased from 
an initial resistance of zero to a final resistance of R?

Initial voltmeter reading / V Final voltmeter reading / V

A. 0 6.0

B. 6.0 0

C. 6.0 3.0

D. 3.0 6.0

18. Magnetic field lines are an example of

A. a discovery that helps us understand magnetism.

B. a model to aid in visualization.

C. a pattern in data from experiments.

D. a theory to explain concepts in magnetism.

19. An object moves in a circle of constant radius. Values of the centripetal force F are measured 
for different values of angular velocity ω. A graph is plotted with ω on the x-axis. Which quantity 
plotted on the y-axis will produce a straight-line graph?

A. F

B. F

C. F 2

D. 1
F
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20. A sample of a pure radioactive nuclide initially contains N0 atoms. The initial activity of the 
sample is A0.

A second sample of the same nuclide initially contains 2N0 atoms.

What is the activity of the second sample after three half lives?

A. 
A0
2

B. 
A0
4

C. 
A0
6

D. 
A0
8

21. The diagram below shows four energy levels for the atoms of a gas. The diagram is drawn 
to scale. The wavelengths of the photons emitted by the energy transitions between levels 
are shown.

λ3

λ2

λ1 λ4

What are the wavelengths of spectral lines, emitted by the gas, in order of decreasing frequency?

A. λ3 , λ2 , λ1 , λ4

B. λ4 , λ1 , λ2 , λ3

C. λ4 , λ3 , λ2 , λ1

D. λ4 , λ2 , λ1 , λ3

Turn over
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22. During the nuclear fission of nucleus X into nucleus Y and nucleus Z, energy is released. 
The binding energies per nucleon of X, Y and Z are BX , BY and BZ respectively. What is 
true about the binding energy per nucleon of X, Y and Z?

A. BY > BX and BZ > BX

B. BX = BY and BX = BZ

C. BX > BY and BX > BZ

D. BX = BY + BZ

23. Consider the Feynman diagram below.

e+

µ−e−

µ+

X

time

What is the exchange particle X?

A. Lepton

B. Gluon

C. Meson

D. Photon

24. What is the main role of carbon dioxide in the greenhouse effect?

A. It absorbs incoming radiation from the Sun.

B. It absorbs outgoing radiation from the Earth.

C. It reflects incoming radiation from the Sun.

D. It reflects outgoing radiation from the Earth.

M21/4/PHYSI/HPM/ENG/TZ2/XX

– 12 – 2221 – 6513



25. A model of an ideal wind turbine with blade length l0 is designed to produce a power P when 
the average wind speed is v. A second ideal wind turbine is designed to produce a power P

2
 

when the average wind speed is v
2

. What is the blade length for the second wind turbine?

A. l0
2

B. l0

C. 2 l0

D. 4 l0

26. A mass–spring system oscillates vertically with a period of T at the surface of the Earth. 
The gravitational field strength at the surface of Mars is 0.3 g . What is the period of 
the same mass–spring system on the surface of Mars?

A. 0.09T

B. 0.3T

C. T

D. 3T

27. Light passes through a diffraction grating. Which quantity must be decreased to improve the 
resolution of the diffraction grating?

A. The grating spacing

B. The number of grating lines illuminated by the light source

C. The number of grating lines per millimetre

D. The spectral order being observed

28. A train is moving in a straight line away from a stationary observer when the train horn emits 
a sound of frequency  f0 . The speed of the train is 0.10v where v is the speed of sound. 
What is the frequency of the horn as heard by the observer?

A. 
0 9
1 0
. f

B. 
1
1 1 0.

f

C. 
1 1
1 0
. f

D. 
1
0 9 0.

f

Turn over
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29. Monochromatic light of wavelength λ passes through a single-slit of width b and produces 
a diffraction pattern on a screen. Which combination of changes to b and λ will cause the 
greatest decrease in the width of the central maximum?

Slit width Wavelength of light

A. 
1
2

b 1
2
λ

B. 
1
2

b 2λ

C. 2b
1
2
λ

D. 2b 2λ

30. An object of mass m released from rest near the surface of a planet has an initial 
acceleration z. What is the gravitational field strength near the surface of the planet?

A. z

B. z
m

C. mz

D. m
z

31. The points X and Y are in a uniform electric field of strength E. The distance OX is x and the 
distance OY is y.

O

E

X

Y

What is the magnitude of the change in electric potential between X and Y?

A. Ex

B. Ey

C. E(x + y)

D. E x y2 2+
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32. A satellite orbits planet X with a speed vx at a distance r from the centre of planet X. Another 
satellite orbits planet Y at a speed of vy at a distance r from the centre of planet Y. The mass 
of planet X is M and the mass of planet Y is 4M. What is the ratio of v

v
x

y

?

A. 0.25

B. 0.5

C. 2.0

D. 4.0

33. A parallel-plate capacitor is connected to a cell of constant emf. The capacitor plates are 
then moved closer together without disconnecting the cell. What are the changes in the 
capacitance of the capacitor and the energy stored in the capacitor?

Capacitance Energy

A. increases increases

B. increases decreases

C. decreases decreases

D. decreases increases

34. The graph shows the variation of an alternating current with time in a 4.0 Ω resistor.

time

alternating current / A

2.0

0.0

−2.0

What is the average power dissipated in the resistor?

A. 4 W

B. 8 W

C. 16 W

D. 32 W

Turn over
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35. A magnet connected to a spring oscillates above a solenoid with a 240 turn coil as shown.

A

N

S

spring

magnet

Solenoid with
 240 turn coil

The graph below shows the variation with time t of the emf across the solenoid with the period, 
T, of the system shown.

0 0 tT

V

−V0

V0

(This question continues on the following page)
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(Question 35 continued)

The spring is replaced with one that allows the magnet to oscillate with a higher frequency. 
Which graph shows the new variation with time t of the current I in the resistor for this  
new set-up?

A. 

0 0 tT

I

−I0

I0

B. 

0 0 tT

I

−I0

I0

C. 

0 0 tT

I

−I0

I0

D. 

0 0 tT

I

−I0

I0

Turn over
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36. A capacitor is charged with a constant current I. The graph shows the variation of potential 
difference V across the capacitor with time t. The gradient of the graph is G. What is the 
capacitance of the capacitor?

V

t
0

0

A. 
I
G

B. 
G
I

C. G × I

D. 
1

G × I

37. A particle of energy E is incident upon a barrier and has a certain probability of quantum 
tunnelling through the barrier. Assuming E remains constant, which combination of changes 
in particle mass and barrier length will increase the probability of the particle tunnelling 
through the barrier?

Particle mass Barrier length

A. decrease decrease

B. increase decrease

C. decrease increase

D. increase increase

38. Element X has a nucleon number AX and a nuclear density ρX. Element Y has a nucleon 
number of 2AX. What is an estimate of the nuclear density of element Y?

A. 1
2
ρxρX

B. ρX

C. 2ρX

D. 8ρX
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39. What is true for the Bohr model for the hydrogen atom?

A. Angular momentum of electrons is quantized.

B. Electrons are described by wave functions.

C. Electrons never exist in fixed orbitals.

D. Electrons will continuously emit radiation.

40. An electron of non-relativistic speed v interacts with an atom. All the energy of the electron is 
transferred to an emitted photon of frequency f . An electron of speed 2v now interacts with 
the same atom and all its energy is transmitted to a second photon. What is the frequency of 
the second photon?

A. 
f
4

B. 
f
2

C. 2 f

D. 4 f
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