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5.	 A satellite undergoes one circular orbit of the Earth every 24 hours.

What is the angular velocity of the satellite?

A.	 4.4 × 10-3 rad s-1

B.	 1.7 × 10-3 rad s-1

C.	 7.3 × 10-5 rad s-1

D.	 1.2 × 10-5 rad s-1

6.	 An object of mass 5.0 kg is initially at rest. An impulse of 2.0 N s acts on the object.

What is the final kinetic energy of the object?

A.	 0.40 J 

B.	 10 J 

C.	 20 J

D.	 40 J

7.	 A system of moment of inertia I rotates from rest about a given axis. The angular acceleration a of 
the system is constant. 

What is the change in angular momentum when the system has made four complete rotations 
about the given axis?

A.	 2 2I ��

B.	 4I ��

C.	 2 2I a

D.	 4I a
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8.	 Two small spheres each of mass 10 kg are 8.0 m apart and connected by a rod of negligible mass. 

This system rotates about an axis halfway along the rod and at right angles to it.

8.0 m

What is the moment of inertia of the system? 

A.	 160 kg m2

B.	 320 kg m2 

C.	 640 kg m2

D.	 1280 kg m2

9.	 Observer X sees a spacecraft moving in the positive  x-direction at a speed of 0.50c. 

Observer Y sees the same spacecraft moving in the negative  x-direction at a speed of 0.50c. 

What is the speed of Y in the frame of reference of X? 

A.	 0

B.	 0.80c 

C.	 c

D.	 1.3c
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8.	 Two small spheres each of mass 10 kg are 8.0 m apart and connected by a rod of negligible mass. 

This system rotates about an axis halfway along the rod and at right angles to it.

8.0 m

What is the moment of inertia of the system? 

A.	 160 kg m2

B.	 320 kg m2 

C.	 640 kg m2

D.	 1280 kg m2

9.	 Observer X sees a spacecraft moving in the positive  x-direction at a speed of 0.50c. 

Observer Y sees the same spacecraft moving in the negative  x-direction at a speed of 0.50c. 

What is the speed of Y in the frame of reference of X? 

A.	 0

B.	 0.80c 

C.	 c

D.	 1.3c



Physics HL | Paper 1A | May 2025 TZ2 | Q6 | 1 marks

Apollo | Original source crop | 4

– 5 – 2225 – 6713

Turn over

6.	 A wheel, initially at rest, rolls without slipping down an incline for 4.0 s. The final angular velocity of 
the wheel is 5π rad s-1.

How many revolutions did the wheel complete?

A.	 5

B.	 10

C.	 15

D.	 30

7.	 What is the unit of angular impulse?

A.	 N s

B.	 N m

C.	 N m s-1

D.	 N m s

8.	 A car of total mass M  is travelling with a constant speed v. Each of the four wheels of the car has a 
mass m and a radius R  and rolls without slipping. 

The moment of inertia of each wheel is I = 1
2

2mR .

What is sum of the rotational kinetic energy of all four wheels
trannslational kinetic energy of the car

?

A.	 m
M2

B.	 m
M

C.	 2m
M

D.	 4m
M
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6.	 A wheel, initially at rest, rolls without slipping down an incline for 4.0 s. The final angular velocity of 
the wheel is 5π rad s-1.

How many revolutions did the wheel complete?

A.	 5

B.	 10

C.	 15

D.	 30

7.	 What is the unit of angular impulse?

A.	 N s

B.	 N m

C.	 N m s-1

D.	 N m s

8.	 A car of total mass M  is travelling with a constant speed v. Each of the four wheels of the car has a 
mass m and a radius R  and rolls without slipping. 

The moment of inertia of each wheel is I = 1
2

2mR .

What is sum of the rotational kinetic energy of all four wheels
trannslational kinetic energy of the car

?

A.	 m
M2

B.	 m
M

C.	 2m
M

D.	 4m
M
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6.	 A wheel, initially at rest, rolls without slipping down an incline for 4.0 s. The final angular velocity of 
the wheel is 5π rad s-1.

How many revolutions did the wheel complete?

A.	 5

B.	 10

C.	 15

D.	 30

7.	 What is the unit of angular impulse?

A.	 N s

B.	 N m

C.	 N m s-1

D.	 N m s

8.	 A car of total mass M  is travelling with a constant speed v. Each of the four wheels of the car has a 
mass m and a radius R  and rolls without slipping. 

The moment of inertia of each wheel is I = 1
2

2mR .

What is sum of the rotational kinetic energy of all four wheels
trannslational kinetic energy of the car

?

A.	 m
M2

B.	 m
M

C.	 2m
M

D.	 4m
M
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9.	 X and Y are two spherical black-body radiators. X has a radius R and emits half the total power 
of Y. The absolute temperature of X is double that of Y.

What is the radius of Y?

A.	 2 2R

B.	  4R

C.	 4 2R

D.	  16R

10.	 The albedo of the atmosphere above a small region on the Earth’s surface is 0.25. The solar 
constant is S.

What is the incoming intensity of solar radiation incident on this region when the Sun is 
directly overhead?

A.	 3
16
S

B.	 S
4

C.	 3
4
S

D.	  S

11.	 A gas is held in a container. An identical container holds the same number of more massive 
molecules of another gas at the same temperature. 

What is true about the density and pressure in both containers?

Density in both containers Pressure in both containers

A. same same

B. same different

C. different same

D. different different
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6.	 A ball of mass 0.4 kg is attached to a string of length 0.8 m. The ball is rotated in a vertical circle 
such that the speed at the lowest position is 6.0 m s-1.

0.8 m

What is the tension in the string when the ball is at the lowest position?

A.	 4.0 N

B.	 14 N

C.	 18 N

D.	 22 N

7.	 A solid cylinder of mass m and radius r is released from rest on an inclined plane. The cylinder rolls 
without slipping. 

The moment of inertia of the cylinder is 1
2

2mr . The speed when it reaches the bottom of the 
inclined plane is v.

What is the vertical height from which the cylinder was released?

A.	 v
g

2

B.	 3
4

2v
g

C.	 v
g

2

2

D.	 v
g

2

4
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8.	 Two spheres, X and Y, are spinning with the same rotational kinetic energy. The moment of inertia 
of X is IX and that of Y is IY.

What is angular momentum of X
angular momentum of Y

?

A.	 I
I
X

Y

B.	 I
I
Y

X

C.	 I
I
X

Y

D.	 I
I
Y

X

9.	 A pendulum has a period of 3.0 s as measured in its inertial frame of reference. An observer is 
moving with a speed of 0.80 c with respect to the pendulum’s frame. 

What is the period of the pendulum measured by the observer?

A.	 8.3 s

B.	 5.0 s

C.	 1.8 s

D.	 1.1 s

10.	 A liquid is heated at a constant rate in an open container. The temperature of the liquid rises by 
0.50 °C per second until it boils. In a period of 10 minutes after reaching boiling point, half the mass 
of the liquid has vaporized.

What is specific heat capacity of the liquid
specific latent heat off vaporization of the liquid

?

A.	 1
600

B.	 1
300

C.	 1
10

D.	 1
5
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8.	 Two spheres, X and Y, are spinning with the same rotational kinetic energy. The moment of inertia 
of X is IX and that of Y is IY.

What is angular momentum of X
angular momentum of Y

?

A.	 I
I
X

Y

B.	 I
I
Y

X

C.	 I
I
X

Y

D.	 I
I
Y

X

9.	 A pendulum has a period of 3.0 s as measured in its inertial frame of reference. An observer is 
moving with a speed of 0.80 c with respect to the pendulum’s frame. 

What is the period of the pendulum measured by the observer?

A.	 8.3 s

B.	 5.0 s

C.	 1.8 s

D.	 1.1 s

10.	 A liquid is heated at a constant rate in an open container. The temperature of the liquid rises by 
0.50 °C per second until it boils. In a period of 10 minutes after reaching boiling point, half the mass 
of the liquid has vaporized.

What is specific heat capacity of the liquid
specific latent heat off vaporization of the liquid

?

A.	 1
600

B.	 1
300

C.	 1
10

D.	 1
5
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7.	 The graph shows how the angular acceleration α of a flywheel varies with torque τ  applied to 
the flywheel.

0
0

5

10

15

20

1 2 3 4

/ rad s−2α 

/ N mτ

What is the moment of inertia of the flywheel?

A.	 0.20 kg m2

B.	 5.0 kg m2

C.	 40 kg m2

D.	 80 kg m2

8.	 A muon of proper lifetime t is produced in the high atmosphere and travels towards Earth at a 
relativistic speed v. What is the distance travelled by the muon in the reference frame of Earth?

A.	 vt

B.	 vt v
c

1
2

2�
�

�
�

�

�
�

C.	 vt v
c

1
2

2−

D.	 vt
v
c

1
2

2�
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7. An ice skater is spinning with their arms extended in a fixed position at a constant angular velocity. 
The ice skater then quickly pulls their arms closer to their body. Frictional effects are negligible. 

Three statements are made about the ice skater’s motion.

I. The angular momentum of the ice skater remains constant.

II. The rotational kinetic energy of the ice skater remains constant.

III. The net torque acting on the ice skater is zero.

Which of the statements are 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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8.	 Rocket R travels away from an observer on Earth at a speed of 0.80c. A space–time diagram 
shows four world lines. 

What is the correct world line of R in the reference frame of Earth?

0 1−1−2 2

1

2

3

4

x / km

ct / km

AA

BB

DD

CC

9.	 The fixed distance between Earth and a star measured in Earth’s reference frame is dE. A 
spaceship travels from Earth to the star at a constant speed of 0.8c relative to Earth. The distance 
between Earth and the star as measured by the spaceship is ds.

What is d
d
s

E

?

A.	 3
5

B.	 4
5

C.	 5
4

D.	 5
3
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6.	 Two blocks of mass m and 2m are connected with a string that goes over a pulley of mass m.

diagram not to scale

m

m 2m

axle
pulley

When the blocks are released, the pulley turns about the axle as the blocks move. The string 
does not slip relative to the pulley. The radius of the pulley is r and its moment of inertia 

about the axle is mr
2

2
.

(a)	 Show that the acceleration a of the blocks is given by a g
=

2
7

.� [3]
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(b)	 Suggest whether the angular momentum of the pulley–blocks system is conserved.� [1]
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7.	 A monochromatic light beam is incident on a single slit. M is the point on a screen far from 
the slit, directly across from the mid-point of the slit. The diagram shows two of the incident 
rays that reach M after they have diffracted at the slit. These rays are symmetrical with 
respect to the dotted line.

diagram not to scale

light beam slit screen

M

(a)	 Outline, by considering pairs of rays arriving at M such as the ones shown, why a 
maximum in intensity will be observed at M.� [2]
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(This question continues on the following page)
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4.	 A disc of mass M and radius R is on a horizontal frictionless table. Two equal and opposite forces, 

each of magnitude F, act on the disc. The moment of inertia of the disc about its axis is 1
2

2MR .

plan view

disc

F

F

axis

What is the angular acceleration of the disc?

A.	  0

B.	 F
MR

C.	 2F
MR

D.	 4F
MR
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5.	 A person stands in an elevator (lift). The total mass of the person and the elevator is 800 kg. 
The elevator accelerates upward at 2.0 m s-2.

elevator

elevator 
cable 

acceleration
= 2.0 m s−2

What is the tension in the cable?

A.	 1.6 kN

B.	 6.4 kN

C.	 8.0 kN

D.	 9.6 kN

6.	 An object is released from rest in a vacuum at a height H above the Earth’s surface.

As the object falls it passes a point at a height of 0.75H above the surface.

What is kinetic energy of the object at a height of 0.75
gravitati

H
oonal potential energy of the object at a height of H

?

A.	 1
16

B.	 1
4

C.	 9
16

D.	 3
4
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7.	 A cylinder of mass M and radius R rotates at constant angular speed w about an axis through 
its centre. The rotational kinetic energy of the cylinder is K.

The moment of inertia of the cylinder is 1
2

2MR .

rotation
axis

A second cylinder has mass 2M, radius 2R and rotates with angular speed 2w.

What is the rotational kinetic energy of the second cylinder?

A.	 8K

B.	 16K

C.	 32K

D.	 64K
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8.	 A bird of weight W sits on a thin rope at its midpoint. The rope is almost horizontal and has 
negligible mass.

W

The tension in the rope is

A.	 less than W
2

B.	 equal to W
2

C.	 between W
2

 and W

D.	 greater than W

9.	 A spacecraft, moving with speed v relative to Earth, passes Earth on its way to a planet. 
As the spacecraft passes Earth, clocks on Earth and in the spacecraft show zero.

The planet is a distance D from Earth, according to an observer on Earth.

What are the readings on the Earth clock and on the spacecraft clock when the spacecraft 
arrives at the planet?

Earth clock reading Spacecraft clock reading

A. 
D
v

D
v

v
c

1
2

2-

B. 
D
v

D

v v
c

1
2

2-

C. 
D

v v
c

1
2

2-
D
v

D. D
v

v
c

1
2

2-
D
v


