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3.	 A force acts on a cube of mass m that accelerates upwards along a vertical frictionless surface. 

The magnitude of the force is F and it acts at q  to the vertical.

θ

F

cube

What is the magnitude of the acceleration of the cube?

A.	
F mg

m
cos� �� �

B.	
F mg

m
sin� �� �

C.	
F g

m
cos� �� �

D.	
F g

m
sin� �� �

4.	 A sphere of density r and radius R rests on the bottom of a tank of water. The buoyancy force on 
the sphere is F1.

A sphere of density 2r  and radius R
2

 is at the bottom of the same tank. The buoyancy force on 
the second sphere is F2.

What is F
F

1

2

?

A.	 2

B.	 4 

C.	 8 

D.	 16 
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3.	 A force acts on a cube of mass m that accelerates upwards along a vertical frictionless surface. 

The magnitude of the force is F and it acts at q  to the vertical.
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4.	 A sphere of density r and radius R rests on the bottom of a tank of water. The buoyancy force on 
the sphere is F1.

A sphere of density 2r  and radius R
2

 is at the bottom of the same tank. The buoyancy force on 
the second sphere is F2.
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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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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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4.	 A car of weight W  is travelling at maximum speed in a circular path along a horizontal banked road. 
The surface exerts a normal force N  and a friction force Ff.

What is the correct free-body diagram for the car?

A.
N

W

Ff

B.

N

Ff

W

C.

N
Ff

W

D. N

Ff

W

5.	 Sphere X falls through a fluid with terminal velocity v. Sphere Y is made of the same material and 
falls through the same fluid. The radius of sphere Y is double that of sphere X.

What is the terminal velocity of sphere Y?

A.	 v
2

B.	  v

C.	  2v

D.	  4v
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4.	 A car of weight W  is travelling at maximum speed in a circular path along a horizontal banked road. 
The surface exerts a normal force N  and a friction force Ff.

What is the correct free-body diagram for the car?
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5.	 Sphere X falls through a fluid with terminal velocity v. Sphere Y is made of the same material and 
falls through the same fluid. The radius of sphere Y is double that of sphere X.

What is the terminal velocity of sphere Y?

A.	 v
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B.	  v

C.	  2v

D.	  4v
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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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1.	 A car decelerates uniformly to rest. From an initial velocity v to a velocity v
2

, it covers a distance d. 
How much further does it travel before coming to rest?

A.	 d
4

B.	 d
3

C.	 d
2

D.	 d

2.	 Two balls, P and Q, are projected from the edge of a cliff. P is projected horizontally at speed v and 
Q is projected vertically upwards at the same speed. The time taken for P to reach the ground is t P 
and the speed at impact with the ground is vP . Air resistance is negligible. 

What is the time taken to reach the ground and the speed at impact with the ground for Q?

Time taken Speed at impact

A. t P vP

B. t P Greater than vP

C. Greater than t P vP

D. Greater than t P Greater than vP

3.	 Two identical blocks, X and Y, each of mass 2.0 kg are connected by a string. They move on the 
same surface. 

A force F accelerates the blocks at 0.5 m s-2. The frictional force on block X is 4.0 N.

YXF

What is the tension in the string?

A.	 1 N

B.	 2 N

C.	 5 N

D.	 10 N

– 3 – 2225 – 6719
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4.	 A raindrop falls from rest through air with velocity v and acceleration a.

Which graph best represents the variation of a with v ?

A. a

v0
0

B. a

v0
0

C. a

v0
0

D. a

v0
0

5.	 A ball of mass m collides with a stationary ball of mass 3m. After colliding, the two balls 
move together. 

What is the percentage loss in kinetic energy of the system?

A.	 0 %

B.	 25 %

C.	 50 %

D.	 75 %
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5.	 A ball of mass m collides with a stationary ball of mass 3m. After colliding, the two balls 
move together. 
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4.	 A raindrop falls from rest through air with velocity v and acceleration a.

Which graph best represents the variation of a with v ?

A. a

v0
0

B. a

v0
0

C. a

v0
0

D. a

v0
0

5.	 A ball of mass m collides with a stationary ball of mass 3m. After colliding, the two balls 
move together. 

What is the percentage loss in kinetic energy of the system?

A.	 0 %

B.	 25 %

C.	 50 %

D.	 75 %

– 4 – 2225 – 6719

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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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 
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Answer all questions. Answers must be written within the answer boxes provided.

1.	 A cart X of mass 3.0 kg moving at 6.0 m s-1 collides with a stationary cart Y of mass 6.0 kg. 
A spring is attached to X as shown.

spring
6.0 m s−1

YX

The graph shows the velocities of X and Y before, during and after the collision.

0

2

−2

4

6

10 20 30 40 50 60

v / m s−1

duration of collision

t / ms

The collision lasted for 40 ms.

(a)	 Show that the collision is elastic.� [2]
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(This question continues on the following page)
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(Question 1 continued)

(b)	 Determine

(i)	 the magnitude of the average force exerted on Y,� [2]

���������������������������������������������������������������������������������������������������������������������������������������������������
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(ii)	 the average power delivered to Y,� [2]
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(iii)	 the elastic energy stored in the spring at t = 30 ms.� [2]
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2.	 (a)	 Describe the mechanism of heat transfer by conduction.� [2]
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���������������������������������������������������������������������������������������������������������������������������������������������������

The diagram shows a wall separating the inside of a room from the outside. The temperature 
of the room is kept constant by a heater.

wall area 18 m2

wall

outside
13 °C

inside
22 °C

0.25 m

The following data are available:

Thickness of wall = 0.25 m
Area of wall = 18 m2

Thermal conductivity of wall = 1.3 W m-1 K-1

Constant room temperature = 22 °C
Constant outside temperature = 13 °C

(This question continues on the following page)
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Answer all questions. Answers must be written within the answer boxes provided.

1.	 A box of mass 1.2 kg is lying at rest on a surface. The coefficient of static friction between the 
box and the surface is 0.36 and the coefficient of dynamic friction between the box and the 
surface is 0.28.

(a)	 Outline why the coefficients of friction have no units.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(b)	 Show that the minimum force needed to accelerate the box is about 4 N.� [2]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

A force of 14.0 N acts on the box for 0.35 m as shown. The force is then removed and the box 
continues to move. The box comes to rest after a further displacement d. 

diagram not to scale

14.0 N

0.35 m d

(c)	 Determine d.� [3]
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(This question continues on the following page)
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(Question 1 continued)

The box is now standing up. The height of the box is 15.0 cm and its base is 6.0 cm. A person 
pushes the box with an increasing force F at the top until the box tips about the corner V 
without sliding, as shown. 

diagram not to scale

F

V

6.0 cm

15.0 cm

(d)	 (i)	 Determine F.� [2]
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���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(ii)	 Outline why the box does not slide.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������
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2.	 The spacetime diagram shows the x, ct axes for an observer on the ground. The ct ′ axis for 
a passenger on a train moving relative to the observer and world lines for the back (B) and 
front (F) of the moving train are also shown. The observer on the ground and the passenger 
are opposite each other at the origin of the spacetime diagram.

The train is travelling at 0.5c.

50

5

10
x / m

ct / m

ct ′ / m

10

F

E

B

Event E is the lighting of a match by the passenger in the train, with coordinates x = 2 m and 
ct = 4 m. The light from the match reaches two mirrors at the back and front of the train.

(a)	 Draw, on the graph, the x ′ axis for the passenger on the train.� [1]

(b)	 Draw, on the graph, the path of the light emitted from the match to show the events 
where the light strikes both mirrors. Label the events TB and TF.� [1]

(This question continues on the following page)
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3.	 A ball is thrown vertically upwards. Air resistance is not negligible. Four positions of the ball are 
shown: A and B on the way up, C at the maximum height, and D on the way down. At which 
position does the acceleration of the ball have its greatest magnitude?

A.

B.

C.

D.

up down

4.	 Cart X, of mass 2 kg, is moving at a speed of 3 m s-1 to the right and collides on a horizontal track 
with cart Y of mass 1 kg. Y is initially stationary.

2 kg 1 kg
3 m s−1

X Y

The velocity of Y immediately after the collision is 4 m s-1 to the right. What is the velocity of X 
immediately after the collision?

A.	 1 m s-1 to the right

B.	 1 m s-1 to the left

C.	 2 m s-1 to the right

D.	 2 m s-1 to the left



Physics HL | Paper 1A | Nov 2025 TZ1 | Q4 | 1 marks

Apollo | Original source crop | 18

– 3 – 8825 – 6707

Turn over

3.	 A ball is thrown vertically upwards. Air resistance is not negligible. Four positions of the ball are 
shown: A and B on the way up, C at the maximum height, and D on the way down. At which 
position does the acceleration of the ball have its greatest magnitude?

A.

B.

C.

D.

up down

4.	 Cart X, of mass 2 kg, is moving at a speed of 3 m s-1 to the right and collides on a horizontal track 
with cart Y of mass 1 kg. Y is initially stationary.

2 kg 1 kg
3 m s−1

X Y

The velocity of Y immediately after the collision is 4 m s-1 to the right. What is the velocity of X 
immediately after the collision?

A.	 1 m s-1 to the right

B.	 1 m s-1 to the left

C.	 2 m s-1 to the right

D.	 2 m s-1 to the left

– 4 – 8825 – 6707

5.	 A block of mass m is released from rest and slides down a ramp of length d that makes an angle θ 
with the horizontal. A constant frictional force F acts on the block. 

d

θ

block

What is the kinetic energy of the block at the bottom of the ramp?

A.	 mgd - Fd cos θ

B.	 mgd - Fd

C.	 mgd sin θ - Fd cos θ

D.	 mgd sin θ - Fd

6.	 An electric motor of efficiency 75 % raises a mass of 120 kg at a constant speed of 0.50 m s-1. 
What is the power input to the motor?

A.	 20 W

B.	 450 W

C.	 600 W

D.	 800 W
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1.	 A stone is released from rest and falls vertically. Air resistance is negligible. What is correct about 
the stone during each consecutive second of its motion?

A.	 The change in velocity is constant.

B.	 The change in displacement is constant.

C.	 The change in acceleration decreases.

D.	 The change in speed increases.

2.	 A projectile is launched horizontally from the top of a cliff with a speed of 10 m s−1. The projectile 
hits the ground at a distance of 30 m from the base of the cliff. Air resistance is negligible. 

What is the height of the cliff?

A.	 15 m

B.	 30 m

C.	 45 m

D.	 90 m

3.	 A force is applied to a mass of 3 kg. The graph shows the variation with time t of the acceleration a 
of the mass.

0 2 4 6
0

1

2

3

4

5

a / m s−2

t / s

What is the average force acting on the mass?

A.	 5 N

B.	 6 N

C.	 12 N

D.	 24 N

– 3 – 8825 – 6719
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4.	 An object of mass m, moving with a speed v, collides with a stationary object of mass m. The 
objects stick together.

What is the change in kinetic energy in the collision? 

A.	 Zero

B.	 mv 2

8

C.	 mv 2

4

D.	 3
8

2mv

5.	 A mass m is attached to a string and moves in a vertical circle of constant radius R. At the top of 
the circle, the tension in the string is T. Air resistance is negligible.

What is the kinetic energy of m at the top of the circle?

A.	
R T mg�� �

2

B.	
R T mg�� �

2

C.	 R T mg�� �

D.	 R T mg�� �

6.	 A pump has efficiency η when raising water from a well of depth d. The mass of water raised per 
second is R. Changes in kinetic energy of the water are considered negligible.

What is the input power to the pump required to raise the water?

A.	 Rd
gη

B.	 ηR
gd

C.	 ηRgd 

D.	 Rdg
η
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4.	 An object of mass m, moving with a speed v, collides with a stationary object of mass m. The 
objects stick together.

What is the change in kinetic energy in the collision? 

A.	 Zero

B.	 mv 2

8

C.	 mv 2

4

D.	 3
8

2mv

5.	 A mass m is attached to a string and moves in a vertical circle of constant radius R. At the top of 
the circle, the tension in the string is T. Air resistance is negligible.

What is the kinetic energy of m at the top of the circle?

A.	
R T mg�� �

2

B.	
R T mg�� �

2

C.	 R T mg�� �

D.	 R T mg�� �

6.	 A pump has efficiency η when raising water from a well of depth d. The mass of water raised per 
second is R. Changes in kinetic energy of the water are considered negligible.

What is the input power to the pump required to raise the water?

A.	 Rd
gη

B.	 ηR
gd

C.	 ηRgd 

D.	 Rdg
η
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4.	 An object of mass m, moving with a speed v, collides with a stationary object of mass m. The 
objects stick together.

What is the change in kinetic energy in the collision? 

A.	 Zero

B.	 mv 2

8

C.	 mv 2

4

D.	 3
8

2mv

5.	 A mass m is attached to a string and moves in a vertical circle of constant radius R. At the top of 
the circle, the tension in the string is T. Air resistance is negligible.

What is the kinetic energy of m at the top of the circle?

A.	
R T mg�� �

2

B.	
R T mg�� �

2

C.	 R T mg�� �

D.	 R T mg�� �

6.	 A pump has efficiency η when raising water from a well of depth d. The mass of water raised per 
second is R. Changes in kinetic energy of the water are considered negligible.

What is the input power to the pump required to raise the water?

A.	 Rd
gη

B.	 ηR
gd

C.	 ηRgd 

D.	 Rdg
η
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2.	 A ball is connected to a string that is attached to the ceiling of a truck. The truck accelerates 
to the right on a horizontal road. The string makes an angle of 30° with the vertical.

30

acceleration

(a)	 (i)	 Draw a labelled free-body diagram of the forces on the ball.� [2]

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

(ii)	 Determine the acceleration of the truck.� [2]

���������������������������������������������������������������������������������������������������������������������������������������������������
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���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(b)	 The truck now moves at constant speed up an incline that makes an angle of 10° to 
the horizontal. State and explain the angle between the string and the vertical.� [2]

���������������������������������������������������������������������������������������������������������������������������������������������������
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���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(This question continues on page 7)

28EP05



Physics HL | Paper 2 | Nov 2025 TZ3 | Q2 | 11 marks

Apollo | Original source crop | 24

Please do not write on this page.

Answers written on this page  
will not be marked.

– 6 – 8825 – 6721

28EP06



Physics HL | Paper 2 | Nov 2025 TZ3 | Q2 | 11 marks

Apollo | Original source crop | 25

– 7 – 8825 – 6721

Turn over

(Question 2 continued)

On another occasion, the truck enters a horizontal semicircular road of radius of 75 m.  
The coefficient of static friction between the road and the tyres is 0.60. 

velocity

75 m

truck

service station

(c)	 Calculate the maximum speed at which the truck can travel on this road.� [2]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(d)	 The truck runs out of fuel just as it enters the semicircle with speed 15 m s−1. The 
resultant force opposing the motion has magnitude 520 N. The mass of the truck is 
1400 kg. A service station is at the other end of the semicircle.

Determine whether the truck will be able to reach the service station.� [3]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������
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3.	 (a)	� Two identical conducting spheres X and Y that carry positive charges are separated 
by a centre-to-centre distance of 24.0 cm in a vacuum. The charge on X is 9Q and the 
charge on Y is Q. Point R is 6.0 cm from the centre of Y, as shown. 

R

YX

Q9Q

6.0 cm24.0 cm

The resultant electric field at R is 32.6 MN C−1. Determine Q, giving an appropriate unit. � [2]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(This question continues on the following page)
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1.	 A car has an initial speed of 16 m s-1. It decelerates at 4.0 m s-2 until it stops.

What is the distance travelled by the car?

A.	 4 m

B.	 16 m

C.	 32 m

D.	 64 m

2.	 A block of mass 2.0 kg accelerates from a speed of 15 m s-1 to a speed of 20 m s-1 without changing 
its direction.

What impulse acts on the block?

A.	 2.5 N s

B.	 5.0 N s

C.	 10 N s

D.	 17.5 N s

3.	 A net force of 8.0 N accelerates a 4.0 kg body from rest to a speed of 5.0 m s-1. 

What is the work done by the force?

A.	 50 J

B.	 40 J

C.	 32 J

D.	 20 J
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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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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
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Answer all questions. Answers must be written within the answer boxes provided.

1.	 A block of mass 45 kg is placed on a horizontal table. There is no friction between the block 
and the table.

An object of mass 15 kg is placed on top of the block.

A force F acts on the block so that it accelerates. The acceleration of the object and the 
acceleration of the block are the same so that they do not move relative to each other.

15 kg

45 kg F

The coefficient of static friction between the block and the object is 0.60.

(a)	 State the nature and direction of the force that accelerates the 15 kg object.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������
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(b)	 Determine the largest magnitude of F for which the block and the object do not move 
relative to each other.� [3]
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2.	 A spacecraft is flying past a space station at a relative speed of 0.80c. Beacons, R and F, at 
each end of the space station emit light pulses at the same time according to observers on 
the space station. The pulses are emitted 1200 m apart as measured by space station observers.

space station

1200 m

spacecraft

R F

(a)	 Calculate g  for a speed of 0.80c.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������
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(b)	 Calculate, for the reference frame of the spacecraft,

(i)	 the distance between the light pulses.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������
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(ii)	 the time between the light pulses.� [2]
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(c)	 Determine which light pulse happened first.� [2]
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