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8.	 (a)	� A cylindrical spacecraft of cross-sectional area S moves with velocity v. The spacecraft 
enters a region of dust of density r. All the dust that comes into contact with the 
forward cross-sectional area of the spacecraft sticks to the spacecraft increasing its mass.

dust

spacecraft

v
S

(i)	 Show that in time ∆t the mass of the spacecraft will increase by an amount rSv∆t.� [1]
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(ii)	 Deduce that the spacecraft will experience a drag force rSv 2  opposite to its velocity.�[2] 
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(Question 8 continued)

(b)	 A satellite of mass m is in a circular orbit of radius r around Earth. Earth has mass M.

(i)	 Show that the total energy of the satellite is given by E GMm
rT � � 2

.� [2]

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

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

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

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

(ii)	 The satellite experiences a drag force due to the atmosphere of Earth. 
With reference to the results in (a) and (b)(i), state and explain the likely  
fate of this satellite.� [4] 
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(Question 8 continued)

(c)	 The graph shows the variation with time of the height of the International Space Station 
(ISS) during a 30-day period.
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The following data are available:

Mass of Earth = 5.98 × 1024 kg
Mass of the ISS = 4.20 × 105 kg

Radius of the Earth = 6.38 × 106 m

For the 30-day period indicated in the graph the loss of total energy of the ISS  
is 4.5 × 109 J.

(i)	 Calculate the average rate at which the energy of the ISS is being dissipated.� [2]
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(Question 8 continued)

(ii)	 Show, using the average height during the 30-day period, that the speed of the 
ISS is about 8 × 103 m s-1.� [2]
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(iii)	 Estimate the increase in the temperature of the ISS assuming all the lost energy 
went into thermal energy of the ISS. Take the specific heat capacity of the ISS to 
be 500 J kg-1 K-1.� [2]
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(iv)	 Estimate, using the answers to (c)(i) and (c)(ii), the average drag force that acted 
on the ISS.� [3]
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(Question 8 continued)

(d)	 At the end of the 30-day period, rockets are fired to bring the ISS back to its initial 
height. The energy density of liquid hydrogen rocket fuel is 8.5 × 103 MJ m-3.

Estimate the volume of fuel needed.� [2]
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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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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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7.	 The graph shows how the angular acceleration α of a flywheel varies with torque τ  applied to 
the flywheel.
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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
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C.	 vt v
c
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D.	 vt
v
c

1
2

2�



Physics HL | Paper 1A | Nov 2025 TZ3 | Q6 | 1 marks

Apollo | Original source crop | 9

– 3 – 8825 – 6719

Turn over

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

– 4 – 8825    – 6719

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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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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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


