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APOLLO

Kinematics

12 questions



Physics SL | Paper 1A | May 2025 TZ1 | Q1 | 1 marks

1. Instantaneous velocity is defined as...

displacement
time taken

A

B. rate of change of position.

distance moved
time taken

D. rate of change of distance.
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Physics SL | Paper 1A | May 2025 TZ1 | Q2 | 1 marks

2.  The variation with time t of the acceleration a of an object is shown. At { = 0 the object is at rest.

10

What is the speed of the object when t = 8.0s?

A

B.

1.0ms™
32ms™
50ms™

64ms™’
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Physics SL | Paper 1A | May 2025 TZ2 | Q1 | 1 marks

1.  Aball is initially 50 m above the ground. The ball is thrown vertically upwards and takes 5.0s to
reach the ground. Air resistance is negligible.

What is the initial speed of the ball?

A. 10ms™
B. 15ms’”
C. 25ms™
D. 35ms’”
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Physics SL | Paper 1A | May 2025 TZ2 | Q2 | 1 marks

2.  Anobject is sliding from rest down a frictionless inclined plane. The vertical displacement of the
object is 1.5m during the first second.

What is the vertical displacement during the next second?

A. 15m
B. 3.0m
C. 45m
D. 5.0m

I} LTIV
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Physics SL | Paper 1A | May 2025 TZ2 | Q3| 1 marks

3.  The diagram shows the path of a ball in the absence of air resistance. Q is the highest point of the
ball’s trajectory and a is the vertical acceleration at Q. At impact the velocity makes an angle 6 to
the horizontal.

launch impact
point point
Three statements about the actual motion of the ball when there is air resistance are:

l. Q is lower.
1. a remains the same.

lll. O increases.
Which statements are correct?
A. landllonly
B. landlll only
C. llandlll only

D. L llandlll

Turn aver
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Physics SL | Paper 1A | May 2025 TZ3 | Q1 | 1 marks

1.  Acar decelerates uniformly to rest. From an initial velocity v to a velocity v , it covers a distance d.
How much further does it travel before coming to rest? 2

A @
4
B 9
3
c. ¢
2
D. d
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Physics SL | Paper 1A | May 2025 TZ3 | Q2 | 1 marks

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 ¢,
and the speed at impact with the ground is v;. 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, A
B. t Greater than v,
C. Greater than ¢, Ve
D. Greater than ¢, Greater than v,
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Physics SL | Paper 1A | Nov 2025 TZ1 | Q1 | 1 marks

1.  Aperson walks 40m due west and then 30m due north. The total walking time is 100s. What are
the average speed and the magnitude of the average velocity of the person?

Magnitude of average

-1
Average speed/ms velocity/ms

A. 0.5 0.5
B. 0.5 0.7
C. 0.7 0.5
D. 0.7 0.7
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Physics SL | Paper 1A | Nov 2025 TZ1 | Q2 | 1 marks

2.  Aprojectile is launched with an initial velocity v at an angle 6 above the horizontal. The projectile
lands at the same height from which it was released. Air resistance is negligible.

What is the time of flight of the projectile?

A vsing
g
B. 2vsino
g
C. 2vcoso
g
D. 2vsinfcos6
g

VA UuLuT U 1V
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Physics SL | Paper 1A | Nov 2025 TZ3 | Q1 | 1 marks

1.  Astone 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.

Apollo | Original source crop | 13



Physics SL | Paper 1A | Nov 2025 TZ3 | Q2 | 1 marks

2.  Aprojectile is launched horizontally from the top of a cliff with a speed of 10ms™". 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, 15m
B. 30m
C. 45m
D. 90m
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1.  Acar has an initial speed of 16ms™". It decelerates at 4.0ms™ until it stops.

What is the distance travelled by the car?

A. 4m

B. 16m
C. 32m
D. 64m
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Physics SL | Paper 1A | May 2025 TZ1 | Q3| 1 marks

3.  Aforce 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 6 to the vertical.

cube

—

What is the magnitude of the acceleration of the cube?

A (Fcos6 —mg)
' m
B (Fsing—mg)
' m
c. (Fcos6-g)
m
D. (Fsin6-g)
m
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Physics SL | Paper 1A | May 2025 TZ1 | Q4 | 1 marks

4. Asphere of density p and radius R rests on the bottom of a tank of water. The buoyancy force on
the sphere is F,.

A sphere of density 2p and radius R is at the bottom of the same tank. The buoyancy force on
the second sphere is F,. 2

What is %?
A 2

B. 4

C. 8

D. 16

Turn aver
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Physics SL | Paper 1A | May 2025 TZ1 | Q6 | 1 marks

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

What is the final kinetic energy of the object?

A.  040J
B. 10J
C. 20J
D. 40J

— v YRV Ll VY RV
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Physics SL | Paper 1A | May 2025 TZ2 | Q4 | 1 marks

4.  Acar 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 F..

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

A. B.
N
Ff Ff
AN
w w
C. D. N
N
Ff
Ff
w w
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Physics SL | Paper 1A | May 2025 TZ2 | Q5 | 1 marks

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.
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Physics SL | Paper 1A | May 2025 TZ3 | Q3| 1 marks

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

same surface.

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

F e

X

What is the tension in the string?

A. 1N
B. 2N
C. 5N
D. 10N
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Physics SL | Paper 1A | May 2025 TZ3 | Q4 | 1 marks

4.  Araindrop falls from rest through air with velocity v and acceleration a.

Which graph best represents the variation of a with v?

A. a B. a
0 v 0

0 0

C. a D a
0 v 0

0 0
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Physics SL | Paper 1A | May 2025 TZ3 | Q5 | 1 marks

5. Aball 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%

Turn aver
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Physics SL | Paper 1A | May 2025 TZ3 | Q6 | 1 marks

6. Aball of mass 0.4kg 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 6.0ms™".

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

A. 40N
B. 14N
C. 18N
D. 22N
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Physics SL | Paper 2 | May 2025 TZ2 | Q1 | 8 marks

1.  Acart X of mass 3.0kg moving at 6.0ms™" collides with a stationary cart Y of mass 6.0kg.
A spring is attached to X as shown.

spring

6.0ms™’

/
-X LI -Y
O—O O O

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

vims™

6

e

0 +——— — ——— t/ms

o 20 30 'Vo' - 150

A
v

duration of collision

The collision lasted for 40 ms.

(@) Show that the collision is elastic. [2]

(This question continues on the following page)
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Physics SL | Paper 2 | May 2025 TZ2 | Q1 | 8 marks

(Question 1 continued)
(b) Determine
(i)  the magnitude of the average force exerted on Y, [2]
(i) the average power delivered to Y, [2]
(iii) the elastic energy stored in the spring at { = 30ms. [2]

||| ||||||||| ||||||||||||| ||| Tirn aver
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Physics SL | Paper 2 | May 2025 TZ3 | Q1 | 6 marks

1.  Abox of mass 1.2kg 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 14.0N acts on the box for 0.35m 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

———————————

14.0N | \ :r""""”:
- R | | |
< =.< ————————————————————————— >
0.35m d
(c) Determine d. [3]

||| |||||||||||||||||||||| ||| Turn aver
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3.  Aballis 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?

C.
N

up ﬁ @down

Apollo | Original source crop | 32



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

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

3ms™’
2kg —m 1kg

X Y

The velocity of Y immediately after the collision is 4ms™ to the right. What is the velocity of X
immediately after the collision?

A. 1ms™ to the right
B. 1ms ' tothe left
C. 2ms " to the right

D. 2ms ' tothe left
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Physics SL | Paper 1A | Nov 2025 TZ3 | Q3 | 1 marks

3.  Aforce is applied to a mass of 3kg. The graph shows the variation with time ¢ of the acceleration a
of the mass.

()]

N

w

alms™?

N

—_—

o

0 2 4 6
t/'s

What is the average force acting on the mass?

A. 5N
B. 6N
C. 12N
D. 24N

hd vuLU— VUl Lo
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Physics SL | Paper 1A | Nov 2025 TZ3 | Q4 | 1 marks

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

2
B. mv
8

2
C. mv
4

2

D. 3mv

8
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Physics SL | Paper 1B | Nov 2025 TZ3 | Q1 | 12 marks

1.  Agroup of students is trying to determine the density and the viscosity of a liquid.

To determine the density, they use a balance to read the mass m of a sphere in air and
immersed in the liquid.

They use a sphere of volume V = 1.827 x 107" m°.

The readings are m_, = 1.427 g in airand m,,,.....s = 1.208g in the liquid.

The readings are different due to buoyancy. The buoyancy force F, is given by
F,=pVy,

where V is the volume of the sphere and p is the density of the liquid.

(a) State the level of precision in the measurement of m. 1
(b) Show that F, is about 2mN. [1]
(c) Calculate the density of the liquid. [2]

(This question continues on the following page)
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Physics SL | Paper 1B | Nov 2025 TZ3 | Q1 | 12 marks

(Question 1 continued)

To determine the viscosity, they immerse the sphere in the liquid and drop it from rest.

vUvLuT U cv

They collect values and plot a graph of the position d of the sphere from the moment they

drop it. They verify that the sphere reaches terminal velocity v, after 0.5s.

position/m

] X
] | | X
NEREERERRENE RN
- X

[ e
Tt T S A st Sk St S s sttt St S S S
] ; X : : 1 1
1 % s s 1 L
Of————F————F T —>time/s
0 0.2 0.4 0.6 0.8 1.0

(d) Draw the line of best fit on the graph.

(e) Outline how the students may verify that the sphere reaches terminal velocity.

[2]

(This question continues on page 5)
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Physics SL | Paper 1B | Nov 2025 TZ3 | Q1 | 12 marks

(Question 1 continued)
They repeat the experiment several times and estimate an average for
v,=(0.71£0.05) ms™.
They use the equation

— my;g — pVg
6nrv,

where

r = radius of the sphere,

v, = terminal velocity of the sphere,

n = viscosity of the liquid.

The radius r of the sphere is 3.520 mm.

(f)  Calculate the viscosity of the liquid and its absolute uncertainty. Ignore uncertainties in

the mass, radius and volume of the sphere. Give your answer in the form n + An, to an
appropriate number of significant figures, including units. [4]

The students search literature values and find the viscosity of this liquid to be 0.24, when
expressed in Sl base units.

(g) Suggest a conclusion reached by the students. [1

||| ||||||||| |||||||||| ||| ||| Tirn aver

Apollo | Original source crop | 39



Physics SL | Paper 1B | Nov 2025 TZ3 | Q1 | 12 marks
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Physics SL | Paper 2 | Nov 2025 TZ3 | Q2 | 11 marks

2.  Aballis 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.

( | | acceleration
: _
|
30°!
(@) (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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Physics SL | Paper 2 | Nov 2025 TZ3 | Q2 | 11 marks

v vUvLuT VU T

(Question 2 continued)

(i) Determine the acceleration of the truck. [2]

(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]

(This question continues on page 7)

||| ||||||||| |||||||||||||||| Tirn aver

Apollo | Original source crop | 43



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

Apollo | Original source crop | 44

Please do not write on this page.

Answers written on this page
will not be marked.

[CIOVRVE LV A}



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

(Question 2 continued)

vUvLuT VU T

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

velocity
—_—
————————————————————————————— truck |---__
\\
\
\
\
\
\
\
\
\
75m \
< >
,!
1
!
/
/
/
/
/
/
service station e

(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 15ms™". The
resultant force opposing the motion has magnitude 520 N. The mass of the truck is
1400kg. A service station is at the other end of the semicircle.
Determine whether the truck will be able to reach the service station. [3]

Turn aver
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v UuLuvT U T
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Physics SL | Paper 1A | Specimen 2025 | Q2 | 1 marks

2.  Ablock of mass 2.0kg accelerates from a speed of 15ms™" to a speed of 20ms™" without changing
its direction.

What impulse acts on the block?

A.  25Ns
B. 5.0Ns
C. 10Ns
D. 17.5Ns
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Physics SL | Paper 1A | Specimen 2025 | Q4 | 1 marks

4. Aperson stands in an elevator (lift). The total mass of the person and the elevator is 800kg.
The elevator accelerates upward at 2.0ms™.

elevator
cable

elevator

acceleration
=2.0ms™

What is the tension in the cable?

A.  1.6kN
B. 6.4kN
C. 8.0kN
D. 9.6kN
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Physics SL | Paper 1A | Specimen 2025 | Q6 | 1 marks

6.  Abird of weight W sits on a thin rope at its midpoint. The rope is almost horizontal and has
negligible mass.

»

The tension in the rope is

A. less than w
2
B. equalto %

C. Dbetween % and W

D. greater than W
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Physics SL | Paper 1B | Specimen 2025 | Q2 | 8 marks

2.  Agroup of students investigate the bending of a plastic ruler that is clamped horizontally
at one end. A weight W attached to the other end causes the ruler to bend. The weight is
contained in a scale pan.

The students fix the length L of the ruler and vary W. For each value of W, the group
measures the deflection d of the end of the ruler to which the weight is attached.

w

(@) The group obtains the following repeated readings for d for one value of W.

Reading 1 2 3 4 5 6

d/cm 27129 |36 |27 28|29

The group divides into two subgroups, A and B, to analyse the data.
Group A quotes the mean value of d as 2.93cm.
Group B quotes the mean value of d as 2.8cm.

Discuss the values that the groups have quoted.

(2]

(This question continues on the following page)

Apollo | Original source crop | 51



Physics SL | Paper 1B | Specimen 2025 | Q2 | 8 marks

(Question 2 continued)
(b)  The variation of d with W is shown.
8
7
6
5 >
d/icm 4
2 -~
1 >
0
0.0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0
WIN
Outline one experimental reason why the graph does not go through the origin. [1]
(c) Theory predicts that
xXpy
d o WL
El

where E and [ are constants. The fundamental units of 7 are m* and those of £
are kgm s

Calculate x and y. [2]

(This question continues on the following page)

||| ||||||| || |||||||||||| |||| Tirn aver
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Physics SL | Paper 1B | Specimen 2025 | Q2 | 8 marks

I R \VIVIViVA S VIVIVIV)

(Question 2 continued)

(d)  The ruler has cross-sectional area A = a x b, where a = (28 + 1)mm and

b =(3.00 £ 0.05)mm.
(i)  Suggest an appropriate measuring instrument for determining b. 1
(i)  Calculate the percentage uncertainty in the value of A. [2]
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Physics SL | Paper 2 | Specimen 2025 | Q1 | 4 marks

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

An object of mass 15kg 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.

15kg

45kg

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 15kg object. [1]

(b) Determine the largest magnitude of F for which the block and the object do not move
relative to each other. [3]

||| ||||||||||||||||||||||||| Turn aver
T
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APOLLO

Work, energy and power

7 questions



Physics SL | Paper 1A | May 2025 TZ1 | Q5| 1 marks

5.  Aspring obeys Hooke’s law and has a spring constant k.
The spring is extended horizontally. The extension of the spring is x.
When released, the spring returns to its original length in time At.

What is the average power developed by the spring as it returns to its original length?

A kx

2At
B. K
At

2

C. kx”

2At

2

D. kx”
At
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Physics SL | Paper 1A | May 2025 TZ1 | Q12 | 1 marks

12. Asolar panel has a surface area of 0.20 m® The efficiency of the solar panel is 30 %. At one instant
the radiation intensity at normal incidence to the panel is 0.15kJm™s™".

What is the power output of the panel?

A, 9.0mW
B. 30mwW
C. 9.0w
D. 30W

Turn aver
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Physics SL | Paper 1A | Nov 2025 TZ1 | Q5 | 1 marks

5. 0.25J of work is done to compress a spring by a distance of 0.10m from its unstretched length.
What is the spring constant?

A.

B.

25Nm™
5.0Nm™
25Nm™

50Nm™
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Physics SL | Paper 1A | Nov 2025 TZ1 | Q6 | 1 marks

6. Ablock of mass m is released from rest and slides down a ramp of length d that makes an angle 6
with the horizontal. A constant frictional force F acts on the block.

block

What is the kinetic energy of the block at the bottom of the ramp?
A. mgd- Fdcos®
B. mgd-Fd

C. mgdsin9— Fdcos®

o

mgd sin 0 — Fd
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Physics SL | Paper 1A | Nov 2025 TZ3 | Q5 | 1 marks

5. A pump has efficiency 1 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
ng
B. nR
gd
C. nRgd
p Rdg
n

Turn aver
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Physics SL | Paper 1A | Specimen 2025 | Q3 | 1 marks

3.  Anetforce of 8.0N accelerates a 4.0kg body from rest to a speed of 5.0ms™".

What is the work done by the force?

A 50J
B. 40J
C. 32J
D. 20J

v (VAVIVIVASVIVIVE, §
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Physics SL | Paper 1A | Specimen 2025 | Q5 | 1 marks

5. Anobjectis 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 0.75H
gravitational potential energy of the object at a height of H

A L
16
B. 1
4
c. 2
16
D 3
4

Turn aver
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Physics SL | Paper 1A | May 2025 TZ1 | Q7 | 1 marks

7. Ablock of ice of mass M is at its melting point.

A smaller mass m of water at a temperature of T°C is placed on the top surface of the ice and
remains there.

water

ice

The specific latent heat of fusion of ice is L and the specific heat capacity of water is c.

What mass of ice melts?

A meT
L

B. mLT
c

c.  McT
L

D. MLT
c
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Physics SL | Paper 1A | May 2025 TZ2 | Q6 | 1 marks

6. XandY 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 .

What is the radius of Y?

A.  22R
B. 4R
C. 4J2R
D. 16R
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Physics SL | Paper 1A | May 2025 TZ3 | Q7 | 1 marks

7. Aliquid 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.

specific heat capacity of the liquid

What is — —— — 7
specific latent heat of vaporization of the liquid
A
600
B.
300
c. A
10
D.
5

— v LTVl
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Physics SL | Paper 2 | May 2025 TZ2 | Q2 | 8 marks

2. (a) Describe the mechanism of heat transfer by conduction.

(2]

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
wall area 18 m? outside
13°C
inside ‘4;5 m

22°C
The following data are available:

Thickness of wall = 0.25m
Area of wall = 18 m?
Thermal conductivity of wall = 1.3Wm™ K™
Constant room temperature = 22°C
Constant outside temperature = 13°C

(This question continues on the following page)
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Physics SL | Paper 2 | May 2025 TZ2 | Q2 | 8 marks

RV fcev—vuIl IV

(Question 2 continued)

(b) Estimate the rate at which thermal energy leaves the room through the wall giving the
answer with an appropriate unit. [2]

(This question continues on page 7)
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(Question 2 continued)

(c) At night the outside temperature falls below 13 °C. The heater is turned off at time t=0.
The graph shows the variation with time t of the temperature T of the room.

T/°C
25

20\
o

10

0 t/min
0 20 40 60 80 100 120

(i)  Outline why the magnitude of the gradient of the graph decreases. [1]

(i)  The pressure and volume of the air in the room remain constant but the number
of molecules has increased. Determine the percentage increase in the number of
molecules of air in the room between t=0 and t = 120 min. [3]

||| ||||||| || |||||||||| ||| ||| Tirn aver
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6. Acylindrical cork of height H and cross-sectional area A is floating stationary in water. Its
depth below the water surface is D.

diagram not to scale

H

(@) (i) Draw and label the forces acting on the cork.

(i)  Show that

(1]

(2]

(This question continues on the following page)
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(Question 6 continued)
The cork is displaced downward by a force. It is then released and it oscillates.

(b)  Outline why the cork undergoes simple harmonic motion. [2]

(This question continues on the following page)
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(Question 6 continued)

(c) (i) Explain why the density of most substances in a solid state is larger than its
density in a liquid state. [2]

Water shows an anomaly with respect to what is stated in (c)(i).

Graph 1 shows the variation with temperature of the density of water between —100°C
and 100°C. Graph 2 shows the same graph enlarged for the range 0 to 10°C.

(i)  Identify the temperature at which water has its maximum density. [1]

density/kg m™3

1000

\ 980
\ 960

940

920

temperature/°C
-100 -50 0 50 100

(This question continues on the following page)
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(Question 6 continued)

Graph 2
density/kg m™3
1000
999.9
999.8
999.7 temperature/°C
0 2 4 6 10

(This question continues on the following page)
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(Question 6 continued)

(d) Anicebreaking ship is designed to withstand a collision with an iceberg, a large partially
submerged body of ice freely floating in water. The designers model the shape of the
iceberg as a cylinder with an approximate cross-sectional area of 4200 m®and height
above sea level of 32m.

The following data are available:

Pice = 920 kg m—3
Pseawater = 1030 kg m—3

(i)  Show that the mass of the iceberg is about 1.2 x 10°kg. [2]

The designers assume that the mass of the ship is about % the mass of the iceberg

and is moving at 12ms~" when it collides with the iceberg. They stick together after the
collision.

(i)  Calculate the speed of the ship after the collision. [2]

(This question continues on the following page)
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(Question 6 continued)
Ice in a still lake will usually form in a single layer on the surface.

(e) On a winter day, the surface of a lake is frozen. The temperature of the air above the
lake is —6.0°C. The layer of ice frozen on the surface of the lake has a thickness of 1.9cm.

(i)  The thermal conductivity of ice is 2.3Wm™"K™". Calculate the rate per unit area at
which thermal energy leaves the lake by conduction through the ice layer. [2]

(i)  The depth of water below the ice is 22 m and its average initial temperature is
2.0°C. Estimate the minimum thermal energy per unit area that must be removed
to freeze all the water in the lake. [3]

The following data are available:

Specific heat capacity of water = 4.2 x 10°Jkg'K™
Latent heat of fusion of water = 3.3 x 10°Jkg™
pwater = 1000 kg m73

(This question continues on the following page)
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(Question 6 continued)

Layers of ice on lakes do not grow thicker than a small percentage of the lake’s depth
even when the exterior temperature remains constant below the freezing point for some time.

(iii)  Explain how the rate calculated in (e)(i) changes as the layer of ice grows thicker.  [1]

(iv) Discuss why the anomaly in the value of the density of water supports life in
water on Earth. [2]
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7. Two blocks P and Q of the same mass are placed in thermal contact with each other until they
reach thermal equilibrium. In reaching thermal equilibrium the temperature of P increases by 10K,
and the temperature of Q decreases by 20 K. Thermal energy exchange with the surroundings
is negligible.

Which statement is correct?
A. P has a greater specific heat capacity than Q.
B. Q has a greater specific heat capacity than P.

C. The magnitude of the change in internal energy is greater for P than for Q.

D. The magnitude of the change in internal energy is greater for Q than for P.

v UvLuT VU 1V
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6. Insulated solid copper rods of different diameters and fixed length are placed in thermal contact
with two objects X and Y, maintained at different temperatures T, and T, respectively. The diagram
shows the setup with one such rod.

TX TY
insulation
copper rod

Which graph shows the variation with rod diameter d of the rate of thermal energy transfer AQ
along the rod? At

A s B aQ
At At
d d
© a > A
At At
d d
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7. 80g of a liquid are heated with a constant power output of 100 W. All the power goes into the liquid.
After 60s, the rise in temperature is 50K.

What is the specific heat capacity of the liquid in Jkg™ K™'?

A 120
B. 960
C. 1200
D. 1500

— v UULUT VI o
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10. A substance changes from a liquid into a solid without a change in temperature.

What is true about the internal energy of the substance and the total intermolecular potential
energy of the substance when this phase change occurs?

Internal energy of Total intermolecular potential
the substance energy of the substance
A. decrease decrease
B. no change decrease
C. decrease no change
D. no change no change
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8.  The black-body radiation curve of an object at 600K is shown. The intensity units are arbitrary.

2

intensity

wavelength

What is the radiation curve of the same object at 450K?

The original curve is shown with a dashed line.

——

T

intensity
intensity

Yyl

R
yd ~

N\
/
|
[

wavelength wavelength

~_

intensity
intensity

wavelength wavelength

Turn aver
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6. Small pieces of solid paraffin with a total mass of 30g at a temperature of 42°C are mixed
with 150 g of liquid paraffin at a temperature of 240 °C. The mixture is stirred until an
equilibrium temperature is reached.

The following data for paraffin are available:

Specific heat capacity of solid paraffin = 0.7kJkg 'K’
Specific heat capacity of liquid paraffin = 2.13kJkg 'K
Specific latent heat of fusion of paraffin = 220kJkg™

Melting point of paraffin = 47°C

(a) Calculate the theoretical equilibrium temperature of the mixture. [3]

(b)  When the experiment was carried out, the equilibrium temperature of the mixture was
found to be different from the theoretical value.

Suggest the reason for this difference. [2]

||| |||||||||||||||||||||| ||| Turn aver
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8. Whatis a primary cause of the enhanced greenhouse effect?
A.  Melting of ice at Earth’s poles
B. Increases in volcanic activity
C. Deforestation of rain forests

D. Burning of fossil fuels

Tiirn aver
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7. 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 35
16
B. S
4
c. 3S
4
D S
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9. A student makes three statements about Earth’s albedo.

. It varies daily.
Il. It depends on latitude.

lll. It depends on cloud formation.
Which of the statements are correct?
A. landllonly
B. landlll only
C. llandlll only

D. L llandlll

Turn aver
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8. The diagram shows the incident, radiated and reflected intensities of the solar radiation for two
regions X and Y on the surface of Earth. X and Y have the same surface temperature.

incident 500 W m2 incident 500 W m2
radiated 350 Wm= radiated 320 W m=
[ reflected 150 Wm= [ reflected 180 W m=

region X region Y

Which region has a greater albedo, and which region has a greater emissivity?

Greater albedo Greater emissivity
A
B. Y X
C. X Y
D. Y Y
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9.  Which process involving gas molecules in the Earth’s atmosphere is the main cause of the
greenhouse effect?

A. Reflection of incoming solar radiation
B.  Absorption and re-radiation of incoming solar radiation
C. Reflection of outgoing infrared radiation

D. Absorption and re-radiation of outgoing infrared radiation

Turn aver
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8.  The energy balance model of a planet’s climate is shown. The reflected and radiated intensities are
given in terms of the incident incoming intensity /.

: atmosphere

incoming

intensity / reflected by planet radiated
reflected from surface 0.157 into space

l atmosphere 0.257

radiated from
surface of planet

2
planet surface / /
/ LSS,

What is the radiated intensity from the surface of the planet?

radiated by
atmosphere 0.10/

A. 0407
B. 0.507
C. 0.707
D. 1.107
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9. Anideal gas is held in a cylinder by a piston. The piston compresses the gas rapidly.

gas

The average speed of the gas molecules increases because the gas molecules...
A.  have a smaller volume available in which they can move.

B. receive thermal energy transferred from outside the cylinder.

C. receive energy from the piston as they collide with it.

D. make more collisions every second with each other.
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8. Agasis 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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20. Gases in the atmosphere are compounds of 2C, {H, 2O and "N.

Four of these gases are CO,, N,O, CH, and H,O. A pure sample of each gas is produced.
Each sample has the same volume, pressure, and temperature.

Which sample has the smallest mass?

A. CH,
B. N,O
C. Co,
D. H,0
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10. The graph shows the variation of the internal energy U with temperature T for a sample of an ideal
monatomic gas. R is the gas constant.

urJ

4500

T/°C

27

How many moles of the gas are in the sample?

a0
3R
5. 1
R
C. 1000
9R
S
R
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10. A sample of n moles of an ideal gas is kept at a constant volume. The graph shows how the
pressure P of the gas varies with absolute temperature T.

What is the volume of the gas?

A prl=h
Pz _'D1
B. nRﬂ
Tz_T1
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11.  Two containers are filled with monatomic gas of equal mass at the same temperature.
One container holds helium and the other neon.

The mass of a neon atom is five times the mass of a helium atom.

internal energy of the helium gas "

What is —
internal energy of the neon gas
A
5
B. 1

- VULUT VI 1V
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9.  Arigid vessel of volume V contains N molecules of an ideal monatomic gas. The average kinetic

energy of the molecules is E,. What is the pressure in the vessel?

A
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7. The internal energy of a real gas is
A.  zero.
B. equal to the intermolecular potential energy of the particles.
C. equal to the total kinetic energy of the particles.

D. equal to the sum of the intermolecular potential energy and the total kinetic energy of
the particles.

V. (VIVIV VAL VIVIVE, §
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12. Two containers, X and Y, are filled with an ideal gas at the same pressure.

The volume of X is four times the volume of Y. The temperature of X is 327 °C and the temperature

of Yis 27°C.
What is amount of substance !n X 2
amount of substance in Y
A1
8
B. 4
2
C. 2
D. 8

Turn aver
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10. Three combinations of resistors are shown. The resistors are identical.

P -
Q

—L
R — e = .

What is the total resistance of each combination of resistors in order of increasing resistance?

A. PQR
B. QPR
C. PRQ
D. QRP

— I — YRV Ll VY RV
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11. A continuous belt of width 0.60 m travels at a constant speed of 2.5ms™". The belt has a uniform
distribution of charge of 5.0mCm™ on its surface.

As the belt passes a point all the charge is removed and is carried as a current in a wire.

wire

2.5ms™’

060m =
O

What is the current in the wire?

A, 12mA
B. 7.5mA
C. 19mA
D. 21mA
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9. Awire of length L is used in an electric heater. When the potential difference across the wire is
200V, the power transferred in the wire is 500 W. A second wire is made from the same metal and
has the same cross-sectional area. When a potential difference of 400V is applied across the
second wire, the power transferred is 2000 W.

What is the length of the second wire?

A L
4
B L
2
C. L
D 2L

Apollo | Original source crop | 112



Physics SL | Paper 1A | May 2025 TZ2 | Q10 | 1 marks

10. Four identical resistors are connected as shown.

currentin X o

What is - /
currentinY
A2
2
B 2
3
c. 3
2
D. 3

LTV IV
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11. Three identical resistors, R,, R, and R,, each of resistance 22, are connected to a cell of negligible
internal resistance as shown. When switch S is open, the power dissipated by R, is 18 W.

What is the power dissipated by R, when S is closed?

A 8W
B. 16W
C. 18W
D. 36W

— fevT VI Lo

Apollo | Original source crop | 114



Physics SL | Paper 1A | May 2025 TZ3 | Q12 | 1 marks

12. Three identical resistors of 62 are arranged as shown.

6Q

Xo—] e

e

62

6Q2

.Y

What is the resistance between X and Y?

A 2Q
B. 4Q
C. 9Q
D. 18Q
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12. Three identical resistors are arranged in four different networks. The same potential difference is
applied across each network. Which network dissipates the greatest electrical power?

A o o -
B.
]
C.
D.
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11. In the circuit shown, the cell has negligible internal resistance.

Which equation is correct?

A I =4(I,+1)

B. I,—4l,
C. I=4l
D. 1,-%h

3

— 1 — VULUT VI o
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10. Four identical resistors, each of resistance R, are connected as shown.

P

Q

What is the effective resistance between P and Q?

A SR
4
B R
c. 4R
3
D. 4R

— 1 — (VIVIV VAL VIVIVE, J
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11. Conductor X is connected to a cell of emf E. A power of 16 W is dissipated in X.

Conductor Y is made from the same material with the same diameter as X but is twice as long.
A cell of emf 2E is connected to Y.

Both cells have negligible internal resistance.

What power is dissipated in Y?

Y
A.  8.0W
B. 16W
C. 32w
D. 64W
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13. A mass—spring system oscillates with time period T, .

Another identical spring is connected in parallel with the first spring as shown. The mass
is unchanged.

The time period of the oscillation for the two-spring system is T,.

What is L?
T
AL
2
1
B. —
J2
c. 2
D. 2

Apollo | Original source crop | 121



Physics SL | Paper 1A | May 2025 TZ1 | Q13 | 1 marks

v fLv—vuIl v

Apollo | Original source crop | 122



Physics SL | Paper 1A | May 2025 TZ2 | Q11 | 1 marks

11. A pendulum of length L oscillates with an angular frequency . The mass of the pendulum is

doubled and its length is changed to %

What is the new angular frequency of the pendulum?

A2
2
B. 0]
C 20
D. 2\/500
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15. For a lightly damped oscillation...
A. the amplitude goes to zero within one period of oscillation.
B. the oscillation frequency does not change with time.
C. energy is transferred from the oscillation as quickly as possible.

D. the oscillation frequency equals the undamped oscillation frequency.

v LTIV
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13. A simple pendulum oscillates with period T on Earth. The mass of the pendulum is doubled and

oscillates on the Moon where the acceleration due to gravity is 1 that of Earth. The length of the
pendulum stays the same. 6

What is the period of the pendulum on the Moon?

A, 12T
B. 6T
C. BT
D. 2T
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16. A heavily damped oscillator of natural frequency f, is driven by a periodic force of frequency f.
Which graph shows how the amplitude of the oscillations varies with f?

A. amplitude B. amplitude
: :
0 : i 0 : f
0 o 0 o
C. amplitude D. amplitude
0 : A 0 : i
0 o 0 o
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12. An object undergoes simple harmonic motion with frequency f. The graph shows the variation of its
acceleration with displacement.

acceleration/ms
4

33 0 displacement/m

What is the value of /% in s72?

A. ?
. 2
T
100
C =
5 100
T
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14. A particle undergoes simple harmonic motion of period T. At time t = 0 the particle is at its
equilibrium position.

What is t when the particle is at its greatest distance from the equilibrium position?

A L
8
B. I
2
c. T
4
D. T

(%4 (VAVIVIVALSVIVIVE, §
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16. A mass of 0.25kg hangs from a spring of spring constant 4.0Nm™".

What is the natural frequency of oscillation for this system?

A.  0.50Hz
B. 0.64Hz
C. 1.6Hz
D. 2.0Hz
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14. A wave is travelling through a medium. The variation with time ¢ of the displacement d of a particle

in the medium is shown.

5.0

d/nm 0

What is the frequency and the amplitude of the wave?

Frequency/Hz Amplitude/nm
A 4.0x107° 5.0
B. 250 5.0
C. 40x10° 10.0
D. 250 10.0
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12. Atransverse wave of period 20 ms travels through a medium. The graph shows the variation of
particle displacement with distance for the wave.

5.0

4.0

3.0 \

.

2.0

1.0 \

0

25

-1.0

20 A

displacement / cm

-3.0

/

40 A

-5.0

distance / cm

What is the average speed of the particle motion and the direction of particle motion relative to the
direction of the wave travel during one cycle?

Average speed of particle / ms™ Direction of particle motion
A. 8 parallel
B. 8 perpendicular
C. 10 parallel
D. 10 perpendicular
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13. An ultraviolet wave is travelling in a vacuum.

What is the frequency and the nature of the wave?

Wave frequency / Hz Nature of the wave
A. 10" transverse
B. 10" longitudinal
C. 1077 transverse
D. 1077 longitudinal
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14. The diagram below shows a snapshot of a transverse wave on a rope. Points P and Q are two
points on the rope at a position shown in the diagram. The subsequent motion of P is upwards.

Q

What is the direction of motion of Q and the direction of travel of the wave?

Direction of motion of Q Direction of travel of the wave
A. Upwards Left to right
B. Downwards Left to right
C. Upwards Right to left
D. Downwards Right to left
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13. The graph shows how the displacement of a wave varies with the position x along the wave.
The wave travels towards positive x.

At the instant shown, which point along the wave has the maximum positive velocity?

displacement

A

A.

v

Turn aver
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13. An electromagnetic wave has a wavelength that is about the size of the diameter of an atom.
What region of the electromagnetic spectrum does the wave belong to?
A. Infrared
B. \Visible light
C. Ultraviolet

D. X-ray
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15. Light passes through two parallel layers as shown.

The refractive indices for light travelling between air and the media are shown in the diagram

as n, and n,.
diagram not to scale
What is 67
A 31°
B. 38°
C. 53
D. 73°
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15. The diagram shows wavefronts of light incident on an air—glass boundary.

The angle between the incident wavefront and the normal, N, is 6.

N

air

0
: glass

Which of the following gives the correct expression for the refractive index of the glass, where ris
the angle of refraction?

A Slan
sinr
B sm(S?O—H)
sinr
C. s.mr
sin®@
sinr
D. -
sin(90-6)
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16. S, and S, are two coherent sound sources with no phase difference. The wavelength of both
waves is 0.20m. P is a point 6.0 m away from S, and 6.5m away from S, respectively. At P the
amplitude of the wave from S, is x, and from S, is 2x,,

What is the resultant amplitude at P?

A0
B. x,
C. 2x,
D. 3x,

— v L vT VI Lo
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2.  Agroup of students is investigating refraction in a semi-circular glass block.

Light from a ray box enters the curved side of the block. The light passes through the block
and leaves, refracted, at P.

(@) Outline how the students can ensure that the light is not deflected at the curved surface.

(1]

The students vary the position of the ray box to obtain data to determine the refractive
index of the glass. They use a protractor to collect values for the angles of incidence 6, and
refraction 6, at P and record them on a table.

=] air

semi-circular
glass block

ray box

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

(b) (i)  One of their measurements is shown. State 6. for this measurement.

fcev—vul

[1]

(i) Complete the table.

6, 0, sin g, sin6,
10 15 0.174 0.259
20 31 0.342 0.515
25 39 0.423 0.629
30 49 0.500

35 60 0.574 0.866
40 75 0.643 0.966

(This question continues on page 7)
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(Question 2 continued)
They plot a graph of the variation with the sine of 6, of the sine of ,.

They add uncertainty bars for sin 0. for the first and last data point and draw the best-fit line.

sinf,

1.0
0.8-
0.6-
0.4-
0.2
0 > sin 0,
0 0.2 0.4 0.6 0.8 1.0
(c) (i) Determine the gradient of the students’ best-fit line. [2]
(i)  Draw on the students’ graph the line of maximum gradient. 11

(i) Determine the value of the refractive index of the glass with its absolute uncertainty. [2]

||| ||||||| || ||||||||||I|| ||| Turn aver
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2. Students set up a double slit experiment to determine the wavelength A of monochromatic
light. A light source is directed at a double slit with variable separation d. An interference
pattern is formed on a screen at a fixed distance from the slits. The separation of the fringes is s.

At close range the pattern is shown as a set of constructive interference fringes.

screen

S

VA

monochromatic light

g ;double slits

interference pattern

(a) Students use a ruler with millimetre intervals to measure s. Describe a method to
determine s such that its absolute uncertainty is reduced. [2]

(b) Discuss the effect on the fractional uncertainty in s when using a smaller value of d. [2]

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

(c) (i) Todetermine A students plot a graph with s on the vertical axis. State the variable
that must be plotted on the horizontal axis to obtain a line of best fit that is straight. [1]

(i)  The calculator value obtained from the graph gives A = 611.089 nm with a
percentage uncertainty of +5%. Deduce how this value should be recorded in
a conclusion, including the absolute uncertainty, to the appropriate number of
significant digits. [2]
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4, Two sources of light produce an interference pattern on a screen.

(a) Explain why the two sources need to be coherent for the interference pattern to
be observed. [2]

(b) Light of wavelength 720 nm is incident on two narrow slits that are separated by
0.12mm. An interference pattern is observed on a screen. P, and P, are the points of
destructive interference closest to the central maximum M.

P1
light M
I:)2
screen
(i)  Calculate, in radians, the angular separation ¢ of P, and P,,. [2]

(i)  Suggest how energy conservation is consistent with the fact that the energy at
P, and P, is zero. (1]
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14. Two loudspeakers are driven in phase and emit sound of the same frequency. A minimum intensity
of sound is detected at point P.

P is 4.0m from one loudspeaker and 4.6 m from the other.

40m

46m

What is a possible wavelength of the sound?

A.  20cm
B. 30cm
C. 40cm
D. 60cm
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13. Asound wave in air is directed towards a water boundary, and part of it is refracted.
Three statements are made about the refracted wave compared to the incident wave.

. The wavelength is different.
Il.  The amplitude is different.

. The frequency is different.
Which of the statements are correct?
A. landllonly
B. landlll only
C. lland lll only

D. L llandlll

Turn aver
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14. The critical angle for light passing from a medium into air is 30°.
What is the approximate value for the speed of light in the medium?
A. 05x10°ms™
B. 1.5x10*ms™
C. 20x10®ms™

D. 26x10°ms™’

Apollo | Original source crop | 158



APOLLO

Standing waves and resonance

6 questions



Physics SL | Paper 1A | May 2025 TZ2 | Q14 | 1 marks

14. A pipe of length 0.75m is closed at one end. The speed of sound of the air in the pipe is 330ms™".
What are the frequencies of the first two harmonics in the pipe?
A.  110Hz and 220Hz
B. 110Hz and 330Hz

C. 220Hz and 440Hz

o

220Hz and 660 Hz
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15. Astanding sound wave is formed in a pipe of length L that is open at both ends. The standing
wave has two nodes. What is the wavelength of the standing wave?

a L
2
B. 2
3
c. L
D. 2L

(%4 UuLuT VU 1V
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15. Astring that is fixed at both ends oscillates in the second harmonic with frequency 100 Hz.
What other harmonic frequencies, in Hz, can this string oscillate at?

A. 25 and 50
B. 25and 75
C. 50and 150

D. 75 and 150
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5. (a) Acopperrod has mass 0.400kg. The density of solid copper is 8.94 x 10°kgm™.
The molar mass (the mass of a mole) of copper is 63.5gmol™".

Estimate

(i)  the mass of a copper atom; [2]

volume of copper

(i)  the volume corresponding to each atom, given by ; [2]
number of copper atoms
(i) the average separation of two neighbouring copper atoms, assuming that the
volume corresponding to each atom is a cube. [1]
(b)  The specific latent heat of fusion of copper is 206kJkg™". Calculate the energy needed
to completely melt 0.400 kg of solid copper at its melting point. 1

(This question continues on the following page)
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(Question 5 continued)

(c) Copper atoms in the solid and liquid phase coexist at the melting point. Comparing
equal numbers of atoms in the solid and liquid phase at the melting point, state and
explain which atoms have the greater internal energy. [3]

(d)  Acopper rod is suspended at its centre, as shown. P and Q are the equilibrium
positions of two copper atoms in the rod. When a hammer taps the left-hand end of
the rod, the first harmonic sound standing wave is formed in the rod. The longitudinal
standing wave in this rod is identical to a standing wave in a pipe with both ends open.

diagram not to scale

- . N |

copper rod

hammer

(iy  Explain, by reference to the principle of superposition, why a standing wave is
set up in the pipe. [2]

(This question continues on the following page)
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(Question 5 continued)

(i) Draw, on the diagram, the standing wave in the rod. The width of the rod is

shown larger to help with your drawing. [11
P Q

(iiiy  The graph shows the variation with time of the displacement of the atom at P.
Draw, on the same axes, the variation with time of the displacement of the
atom at Q. [2]

displacement
displacement of P

time

(This question continues on the following page)
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(Question 5 continued)

(e) The copper rod is brought close to a glass tube that contains light sand. When the
left-hand end of the rod is tapped with a hammer and the length of the tube is adjusted
by moving the piston, a standing wave is established in the tube. Sand collects in piles
as shown. The distance between the centres of two consecutive piles of sand is d.

diagram not to scale

copper rod glass tube

v

/-
| \ T / piston

piles of sand

(i)  Outline why the sand collects in piles. [2]

(i)  The following data are available:

d=1.8cm
speed of sound in air = 330ms™
length of copper rod = 34cm

Determine the speed of sound in copper. [4]
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15. Diagram 1 shows the variation with position of the displacement of a standing wave formed on
a string.

Diagram 2 shows the variation with position of the displacement of a travelling wave moving to
the right along a string.

Diagram 1 Diagram 2

»
»

>

»

»

\\/ position
R S

NS I \_/./ position

P Q

displacement
displacement

Points P, Q, R and S are points on the string.

What is the phase difference between P and Q and the phase difference between R and S?

Phase difference Phase difference
between P and Q between R and S
A 0 0
B I 0
’ 2
T
C. 0 2
D b L
' 2 2
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2. In a microwave oven electromagnetic waves are emitted so that a standing wave pattern is
established inside the oven.

A flat piece of chocolate is placed inside the oven and the microwaves are switched on.
The chocolate is stationary.

Melted spots form on the surface of the chocolate. The diagram shows the pattern of melting
on the chocolate. Each square has a length of 1cm.

chocolate

NV

melted spots

(@) Outline how this standing wave pattern of melted spots is formed. [2]

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

(b) Determine, taking appropriate measurements from the diagram, the frequency of the
electromagnetic waves in the oven. [3]
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16. A source emitting a sound of frequency f, is approaching an observer. At time t = 0 the source
begins to decelerate and comes to rest when t = T. The source does not pass the observer.

The speed of the source is always much less than the speed of sound.

What is the variation with ¢ of the relative change of frequency o of the observed sound?
0
A. Af B. 0 T
= 0 - t
o
Af
0 . t T
0 T Jo
C. Af D. 0 T
- 0 L t
o
Af
0 . t T
0 T Jo
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2.  Graph 1 shows the variation of particle displacement d with position x for a travelling sound wave.

Graph 1

d/mm

o
fon}
S
AN

AL
TR VERY SRTRIVRY

a

o)
o)
o
AN

Graph 2 shows the variation of particle displacement d with time t for the same travelling
sound wave.

Graph 2
d/mm
0.001
t/s
0 0.00¢ 0/002 0.0 0/004 0.0 0/006

0.001
(@) (i) State the wavelength and the period of the sound wave. [2]
(i)  Calculate the speed of the sound wave. [1]

(This question continues on the following page)
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(Question 2 continued)
The Doppler effect applies to both sound and light waves.
A car is moving at constant velocity v between two sources of sound as shown in the
diagram. The sources emit sound at 440 Hz and at 540 Hz. The driver hears both sounds at

the same frequency.

diagram not to scale

source A source B

(b) (i) Explain which frequency is emitted by source A. 11

(i)  The spectrum of light received from a galaxy shows a peak at a wavelength of
659.0nm. The peak corresponds to an atomic transition in the hydrogen atom
that emits a wavelength of 656.1 nm when observed in a laboratory on Earth.

Calculate the velocity of the galaxy with respect to Earth. [2]

||| ||||||||| |||||||||| ||| ||| Tirn aver

Apollo | Original source crop | 181



Physics SL | Paper 2 | May 2025 TZ3 | Q2 | 6 marks

v vVl LT

Apollo | Original source crop | 182



Question 2 - working space



Physics SL | Paper 1A | Nov 2025 TZ3 | Q16 | 1 marks

16. A source moving with speed v away from a stationary observer emits light of wavelength A. The

wavelength received by the observer is 1 + AA. The speed v is much less than the speed of light.

Which graph gives the variation of A4 with v?

A. AL B. AL
%4 v
0 0
C AL D AL
% %
0 0

UuLuUT VUl o
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17. Aplanet P has a diameter one-third that of the Earth. The mass of Earth is 18 times that of P.
The gravitational field strength at the surface of the Earth is g.

What is the gravitational field strength at the surface of P?

A g
6
B. 9
2
C 29
D 6g

Turn aver

e LLcu—vuUl IV

Apollo | Original source crop | 186



Physics SL | Paper 1A | May 2025 TZ2 | Q16 | 1 marks

16. Two point masses X and Y are released from rest at different positions in the gravitational field of a
planet. Y is further from the planet’s surface than X. The masses of X and Y are much smaller than

that of the planet.

Both masses eventually collide with the planet.

Which is the correct comparison of the initial and final accelerations of X and Y?

Initial acceleration Final acceleration
A. different same
B. different different
C. same same
D. same different
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17. The relationship between the period of a planet’s orbit T and the distance to the Sun R can be
expressed as T" oc R™ where n and m are constants.

What is a possible pair of values for n and m?

n m
A. 1.0 3.0
B. 1.0 1.5
C. 2.0 1.5
D. 2.0 1.0
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18. Point X is at a distance d from the centre of Earth. d is larger than the radius of Earth. The
gravitational field strength at X is g,. Point Y is at a distance 3d from the centre of Earth.

What is the difference in the magnitude of gravitational field strengths between X and Y?

A. SgX
9

B. 3gX
4

c.  9x
4

D 9%
9
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4. Earth orbits the Sun at an average distance of 1.50 x 10°km.
The mass of the Sun is 2.0 x 10*kg.

(a) Calculate the gravitational field strength of the Sun at a distance of 1.50 x 10®km from
its centre. [2]

The orbital speed of Earth around the Sun is not constant.

(b) (i) State Kepler’s first law of orbital motion. [1]

(i)  Explain why the kinetic energy of Earth changes as it orbits the Sun. [2]
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17. Planets X and Y orbit the same star.

The orbital radius of planet X is R,, and that of planet Y is R,. The orbital period of planet X is T,
and that of Y is T..

What is L?
TX

3

A B
RX

3

B. B
RY

2

c. B}
RX

Tuirn aver
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18. A space probe moves in a gravitational field. No other forces than the gravitational force act on
the probe. At one instant, the probe is at point P. The diagram shows the path of the probe and the
gravitational field line through P.

gravitational field line
through P

What is the direction of the acceleration of the probe at P?
A.  Tangent to the path of the probe

B. Perpendicular to the path of the probe

C. Tangent to the gravitational field line through P

D. Perpendicular to the gravitational field line through P
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17. Which is a statement of one of Kepler’s laws of orbital motion?

A.  The square of the planet’s orbital period is proportional to the cube of the length of the
semi-major axis of its orbit.

B. Aline segment joining a planet and the Sun sweeps out equal arc lengths during equal
intervals of time.

C. Aplanet’s orbital period is proportional to the cube of the length of the semi-major axis of
its orbit.

D. The orbit of a planet is an ellipse with the Sun positioned at the centre.
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18. Isolated planets X and Y have masses M, and M, respectively and are separated by a distance R.

A point P is located at a distance g from planet X, as shown. The gravitational field strength at P

is zero.
X P Y
O D R o)
R
3
R »l
< ”|
What is %?
MX
A. 2
B. 3
C. 4
D. 9

Turn aver
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18. Planets X and Y orbit the same star.

The average distance between planet X and the star is five times greater than the average
distance between planet Y and the star.

orbital period of planet X ”

What is - - /
orbital period of planet Y

A 35

B. 5

c. s
D. «5°
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3. A satellite moves around Earth in a circular orbit.

satellite
_________________ .____————___———“——_‘

Earth’s surface

T,

(a) Draw an arrow on the diagram to represent the direction of the acceleration of
the satellite.

(1]

(b) The following data are given:

Mass of Earth, M = 5.97 x 10**kg
Radius of Earth, R = 6.37 x 10°m
Orbital period of the satellite, T=5.62 x 10°s

(i)  Kepler's Third Law of orbital motion states that T? = kr® where k is a constant and
r is the orbital radius of the satellite.

2
Show that k =éiM. [1]

(i) Determine the height of the satellite above the Earth’s surface. [2]
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18. The unit of u, x ¢, expressed in fundamental S| units is...

A, m?s?

B. TCN'm's.
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19. Charge is moving in a wire that is at right angles to a uniform magnetic field.
The length of the wire is 0.32m.

When the current in the wire is increased by 5.0A, the force acting on the wire increases
by 4.0mN.

What is the strength of the magnetic field?

A, 25mT
B. 256mT
C. 40T
D. 40kT
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20. Negative charge carriers travel counter-clockwise in a circular coil that lies in the plane of the page.

The coil is in a uniform magnetic field directed into the page.

X X X X

coil

What is the magnetic effect on the coil?

A.  The coil will rotate clockwise in the plane of the paper.

B. The coil will rotate counter-clockwise in the plane of the paper.
C. The diameter of the coil will tend to increase.

D. The diameter of the coil will tend to decrease.

I BV B fcev—vuIl v
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17. Acharge +Q and a charge +2Q are a distance 3x apart. Point P is on the line joining the charges,
at a distance x from one of the charges as shown.

+
0
T

+2Q

®
J
®

A
A 4
A

. A

What is the electric field strength E at P?

Magnitude of E Direction of E

A. kQ

22 left
B. kQ ,

22 right
C kQ

2z left
D kQ ,

2z right
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18. Acircuit is created with a cell, two parallel conducting wires and a moveable metal rod of length L.
When a uniform magnetic field B is directed out of the page through the circuit, the metal rod
moves to the right with velocity v. The initial current in the circuit is 1.

oJoJolo
//@@p@

— Vv

Cell ORONNIO
\\@@b@
ORONORO,

What is the direction of the current through the circuit and the initial force on the metal rod?

Direction of 1 Initial force on the metal rod
A. anti-clockwise BIL sin (90°)
B. clockwise BILsin (90°)
C. anti-clockwise BIL sin(0°)
D. clockwise BILsin(0°)
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19. Two parallel wires X and Y carry the same current. There is a repulsive force per unit length F on
each wire. The direction of the current in each wire is reversed. The current in X is doubled and the

current in Y stays the same. The separation of X and Y is also doubled.

What is the magnitude and direction of the force per unit length on each wire?

Magnitude Direction
A. F repulsive
F attractive

C. =
5 repulsive
> g attractive
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19. Two isolated identical point charges, Q, and Q,, are separated by distance d. The electrostatic

force on each charge is F. The charge of Q, is halved.

What is the electrostatic force on each charge?

Force on Q, Force on Q,
A. F F
B F l
2
F F
C. —= =
2 2
F
D. = F
2
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20. Two isolated point charges, X of charge +Q and Y of charge +2Q, are separated by a distance 3d.
P is a point d from X and 2d from Y respectively.

X
1o
<

d 2d

What is the net electric field strength at P?

A. 0
5. ka
2d
c 3@
4d
o 3@
2d
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3. Agroup of students wants to determine the horizontal component B, of the Earth’s
magnetic field.

They place a magnet (in the form of a magnetic needle) midway between two coils.
When there is no current through the coils, the magnet aligns itself in the north-south
direction. When there is an identical current established in the coils, the magnetic field

produced deflects the magnet.

diagram not to scale

| 0.25r |
B S o D o B B ¢

coil 1 ;—v; coil 2

Each coil has a radius r. The length of the magnet is 0.25r.

(This question continues on the following page)
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(Question 3 continued)

The students have to decide on the horizontal separation of the two coils. Their choices are
separations of 2r, rand 0.5r.

The variation with distance of the magnetic field strength due to each coil and the resultant
magnetic field strength for both coils are shown for each of these separations. The dotted line
represents the magnetic field from each coil, while the solid line shows the resultant magnetic field.

9 2r separation 9 r separation

o o

-~ ~

X X

— =

~ ~

0 0

5 5

(@] (@]

210 210

() )

> >

© ©

o ke,

9 5 9 5 -\\\ /f\\

Y L= / e \

(&) (&) ! AN \

= = SN Y

Q O D S\

=4 =1 o SN

g O ac O =1 =

€ . S o
position position

0.5r separation

RN
o

()]

o

magnetic field due to coils/T x 107°

position

(a) State and explain which coil separation the students should choose for this experiment.  [2]

(This question continues on the following page)
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(b) Explain why the students place axis XX' of the coils in the east-west direction. [2]
(c) The deflection of the magnet is shown.
diagram not to scale
upper view
magnetic field | -------- ———————% ————————————— xxX
due to Earth ¥
coil 1 magnet .o magnetic field _=
due to pair of coils
The magnet comes to rest when it makes an angle of 24° to XX'.
[2]

Determine, using the graphs, B,,.
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5.  Two positive electric charges of magnitudes q and 4q are a distance d apart, along a line L.

diagram not to scale

L
------------- @ X @
4q d q
(a) Xis a point along L where the electric field E due to the charges is zero.
Show that X is at a distance %d from the largest charge. [2]
A negative charge N is placed stationary at X.
(b) (i) Nisjustdisplaced along L, closer to g, and released.
Explain the subsequent motion of N. [1]
(i) N is just displaced upwards, perpendicularly to L, and released.
Explain the subsequent motion of N. [1]

||| ||||||||||||||||||||I|||| Turn aver

Apollo | Original source crop | 217



Physics SL | Paper 2 | May 2025 TZ3 | Q5 | 4 marks

v vVl LT

Apollo | Original source crop | 218



Question 5 - working space



Physics SL | Paper 1A | Nov 2025 TZ1 | Q19 | 1 marks

19. Two point charges, —Q and +Q, are placed as shown. Point P is at the same distance from
both charges.

What is the direction of the electric field strength at P?

A.

D. P . B

— 11— VULUT VI 1V
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19. Apositively charged rod is near a metal plate that is grounded as shown.

The grounding wire and then the rod are removed. What is correct about the overall charge on the

charged rod |

I -

+

metal plate

=+

grounding wire

plate before and after grounding is removed?

o0 w »

Charge on plate before Charge on plate after
grounding is removed grounding is removed
neutral neutral
neutral negative
negative neutral
negative negative
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17. Two long parallel wires P and Q are a distance d apart. They each carry a current.

A magnetic force per unit length F acts on P due to Q.

The distance between the wires is increased to 2d and the current in Q is decreased to é

P Q P Q

I I I I
2

d 2d

What is the magnetic force per unit length that acts on P due to Q after the changes?

A L
8
B. ©
4
c. £
2
D. F

— 11— (VIVIVIVEAAVIVIVE, J
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19. Acharged rod is brought near an initially neutral metal sphere without touching it.

When the sphere is grounded (earthed), there is an electric current for a short time from the sphere

to the ground.

charged
rod

The ground connection is then removed.

direction of

e

metal
sphere 1

conventional current

What are the charge on the rod and the charge induced on the sphere when the connection

is removed?
Charge on the rod Charge induced on the sphere
A. negative negative
B. negative positive
C. positive negative
D. positive positive
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20. A positive point charge of magnitude 1.0 uC and a point charge q are separated by a distance d.

electron 1.0uC q

An electron is placed at a distance d from the +1.0 uC charge. The electric force on the electron

is zero.

What is q7?
A. —4.0upC
B. —-2.0uC
C. 20uC
D. 4.0pC
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7. The diagram shows two parallel conducting plates that are oppositely charged.

(@) (i) Draw the electric field lines due to the charged plates. [2]

(i)  The potential difference between the plates is 960V and the distance between
them is 8.0mm. Calculate the electric field strength E between the plates. [2]

(This question continues on the following page)
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(Question 7 continued)

(VAVIVIVALS VIV ViV]

In an experiment, an oil drop is introduced into the space between the plates through a small
hole in the upper plate. The oil drop moves through air in a tube before falling between the plates.

tube

spherical
oil drop

(b) Explain why the oil drop becomes charged as it falls through the tube.

[1]

(This question continues on the following page)
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(Question 7 continued)

(c) The oil drop is observed to be stationary in the space between the plates. Buoyancy is
one of the forces acting on the drop.

The density of oil is 730 times greater than that of air.

(i)  Show that the buoyancy force is much smaller than the weight. [3]
(i) Draw the forces acting on the oil drop, ignoring the buoyancy force. [2]
[
oil drop

(This question continues on the following page)
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(Question 7 continued)

(iiiy  Show that the electric charge on the oil drop is given by

_Pgv
EA=
where p, is the density of oil and V is the volume of the oil drop. [2]
(iv) State the sign of the charge on the oil drop. 1]

(This question continues on page 19)
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(Question 7 continued)
(d) The electric field is turned off. The oil drop falls vertically reaching a constant speed v.

(i)  Outline why, for this drop, p,gV = 6nnrv where n is the viscosity of air and ris
the radius of the oil drop.

[ R AVIVIVIV AL VIVIVIV]

[2]

(i)  Show that the charge on the oil drop is about 4.8 x 10™"°C.
The following data for the oil drop are available:
r=1.36um

n=1.60 x 10°Pas
v=0.140mms™’

[3]

(i)  The oil drop splits into two parts of equal mass. Both are charged. Deduce the
net charge on each part.

[2]
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3. Two oppositely charged parallel plates are a distance 8.0 cm apart. The potential difference
between the plates is 120V. An alpha particle is placed on the positively charged plate and
released from rest. Gravity is ignored.

+ + + + +
T . A
120V 8.0cm
(a) Calculate the electric field between the plates. [1]
(b) () Show that the acceleration of the alpha particle is about 7 x 10"°ms™. [2]
(i)  Calculate the time taken for the alpha particle to reach the negative plate. [2]
(iii) State, in eV, the kinetic energy of the alpha particle when it arrives at the
negative plate. [1]

(This question continues on the following page)
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(Question 3 continued)

(c) A magnetic field directed into the plane of the page is now established between the
plates. An alpha particle enters the region between the plates with a horizontal speed
of 5.0 x 10°ms™". The particle is not deflected.

+ + + + +
03¢ 03¢ 03¢ X
e
o X X b2y
03¢ 03¢ 03¢ X
Calculate the magnitude of the magnetic field. [2]

(d) The alpha particle in (c) is replaced by an electron. The electron enters the region
between the plates with the same velocity as the alpha particle.

Draw, on the diagram, the path of the electron. [1]
+ + + + +
X X by by
 —
o X by by
electron
X X 03¢ 03¢
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20. Aproton enters a region where electric and magnetic fields are perpendicular to each other. The
initial velocity v of the proton is perpendicular to both fields. The path of the proton is not deflected

in the fields.
magnetic field
N
X X X X
x % x % path of the proton
N R R N
X X X X
X x x x M electric field

The proton is replaced by an alpha particle that is also not deflected by the fields. What is the
velocity of the alpha particle?

A L
2
B. v
C. 2v
D 4v
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20. A positively charged particle is moving towards a current-carrying wire as shown.

®

!

current

What is the direction of the magnetic force acting on the charged particle?
A.  To the right

B. Tothe left

C. Into the page

D. Out of the page
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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 24.0cm in a vacuum. The charge on X is 9Q and the
charge on Y is Q. Point R is 6.0cm from the centre of Y, as shown.

2Q
24.0cm

Q
\9/

6.0cm R

X

The resultant electric field at R is 32.6 MNC™". Determine Q, giving an appropriate unit. [2]

(This question continues on the following page)
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(Question 3 continued)

(b) A particle of mass m and positive charge g moves on a circular path with speed vin a
vacuum. A uniform magnetic field B is directed into the plane of the page.

® ® ® ® ® ® ®
B
® ® & ® B ® ®
® ® 1 ® ® ® | ® ®
® ® ®_ ® & ® ®
e
® ® ® ® ® ® ®

(i)  Show that the radius R of the circular path is given by R = m_g 1]
q
(i)  Suggest why the speed of the particle stays constant, even though a force
acts on the particle. [1]

(This question continues on page 11)
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(Question 3 continued)

(c)

vUvLuT VU T

The particle in (b), now moving in a region of magnetic field in air, follows the path shown.

® ®

® ® ®

® ®

[2]
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1.  Agroup of students investigate the motion of a conducting ball suspended from a long string.
The ball is between two vertical metal plates that have an electric potential difference V
between them. The ball is touched to one plate so that it becomes electrically charged and
is repelled from the plate. For a given potential difference, the ball bounces between the

plates with a constant period.

diagram not to scale

Tto the point of suspension

|
|
|
I

metal plates

v

(a) The students vary V and measure the time T for the ball to move once from one plate
to the other. The table shows some of the data.

VI kV

T/st0A1s

3.00

1.4

5.00

0.8

7.00

0.6

(i) V is provided by two identical power supplies connected in series. The potential
difference of each of the power supplies is known with an uncertainty of 0.01kV.

State the uncertainty in the potential difference V.

(1]

(This question continues on the following page)
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(Question 1 continued)

(i)  Tis measured with an electronic stopwatch that measures to the nearest 0.1s.

Describe how an uncertainty in T of less than 0.1s can be achieved using
this stopwatch.

(2]

The graph shows the variation of T with V. The uncertainty in V is not plotted.

1.6
1.4
1.2
1.0
T/s 0.8
0.6
0.4
0.2
0.0

0 2 4 6 8 10
V/kV

(iii)  Outline why it is unlikely that the relationship between T and V'is linear.

[1]

(iv) Calculate the largest fractional uncertainty in T for these data.

[2]

(This question continues on the following page)
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(Question 1 continued)

(b) The students suggest the following theoretical relationship between T and V:

7=
Vv

where A is a constant.

To verify the relationship, the variation of T with % is plotted.

1.6
1.4
1.2
1.0
T/s 0.8
0.6
0.4
0.2

0.0
0.00 005 010 015 020 025 030 0.35

- /kVT!

(i) Determine A by drawing the line of best fit. [3]

(This question continues on the following page)
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(Question 1 continued)

(i) State the units of A. [1]

(i) The theoretical relationship assumes that the ball is only affected by the
electric force.

Suggest why, in order to test the relationship, the length of the string should
be much greater than the distance between the plates. [2]

||| ||||||||| |||||||||| ||| ||| Tirn aver
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21. In this question, all diagrams are drawn to scale.

Part of the emission spectrum of an atom is shown.

—_
increasing wavelength

Which set of energy levels can give rise to this part of the emission spectrum?

A. energy B. energy
ground ground
state state

C. energy D. energy
ground ground
state state
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22. Anion X contains the following particles:

» 53 protons
* 89 neutrons

e 54 electrons.

What is the nuclear notation for X?

A 12X
B.  ®X
C. X
D. 'IX

Tiirn aver
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21. Some transitions between the energy states of an atom are shown.

3 35 5

N Wb

n=1 - Y

Which transition will emit a photon with the longest wavelength?

A E
B. E,
C. E
D. E,

v fcccv—vuUIr v
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21. The energy levels of an atom in which an electron transitions from E, to E, are shown. E, is the
ground state.

diagram to scale

E

1

How many different wavelengths can be emitted when electrons return to the ground state

from E,?
A1
B. 3
C. ©
D. 8

[N LTVl
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21. Which claim about the structure of the atom is falsified by the results of
the Geiger—Marsden—Rutherford experiment?

A.  The nucleus is only made up of positively charged particles.
B. The electrons in the atom move in orbits of fixed radius.
C. The positive charge occupies all of the atom’s volume.

D. The electrons in the atom have continuous energy.

Turn aver
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21. Three statements are made about emission and absorption spectra.

. They provide information on the chemical composition of substances.
Il.  They provide evidence for mass-energy equivalence.

Ill.  They arise from transitioning electrons between energy levels.
Which of the statements are correct?
A. landlIlonly
B. landlllonly
C. llandlll only

D. L llandlll
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1.  The diagram shows the three lowest energy levels of the hydrogen atom.
The energy of each level is indicated.

diagram not to scale

-1.51eV

-3.40eV

-13.6eV

(a) State the number of transitions between these levels that result in the emission
of photons. [1]

(b) Calculate the largest photon wavelength for these transitions. [3]
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22. The diagram shows the emission spectrum of an atom.

increasing wavelength

v

Which of the following atomic energy level models can produce this spectrum?

increasing
energy

LA S A AVAVAV AV Runp VAN b
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23. Three statements about gamma radiation are:

. It travels faster than beta radiation in a vacuum.
Il. It has a greater penetration ability than beta radiation.

lll. It has a greater ionizing ability than beta radiation.
Which statements are correct?
A. landllonly
B. landlll only
C. llandlll only

D. L llandlll
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22. Thorium-232 (*2Th) is an unstable nuclide. It decays by emitting an alpha particle followed by a
beta minus (B°) particle.

What is the number of protons and neutrons in the final nuclide?

Number of protons Number of neutrons
A 87 139
B. 87 141
C. 89 139
D. 89 141
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23. A pure sample of radon-222 decays into polonium with a half-life of 4 days. A measurement is

made of its radioactivity. The initial count rate is 420 counts per second. The measured background
count is 20 counts per second.

What is the measured count rate after 8 days?

A 85

B. 100
C. 105
D. 120
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3. (a) Astationary isotope of ;;Ra (Radium) decays into Rn (Radon) and an alpha particle.

(i) Identify the proton number of Rn. 1]
The following data are available:
Atomic mass of Ra = 226.02540u
Atomic mass of Rn =222.01757u
Mass of o = 4.00260 u
(i) Show that the energy released in this decay is about 5MeV. [2]
(i) Show that about 98 % of the energy released is carried by the alpha particle. [2]

(This question continues on the following page)
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(Question 3 continued)

(b) In an experiment performed by Geiger, Marsden and Rutherford to investigate the
atomic structure, alpha particles were directed into a thin metal foil.

(i)  Describe two observations of this experiment. [2]

(i)  Outline how the experiment was interpreted. [2]
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22. Radioactive oxygen-15 (';0) decays according to the following equation:
PO X+B+v,

What are the proton number and the nucleon number of nuclide X?

Proton number of X Nucleon number of X
A 7 14
B. 9 14
C. 7 15
D. 9 15
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23. The table shows how the count rate from a sample of a radioactive nuclide varies with time .
The nuclide has a half-life of 50s.

tis Count rate/s™’
0 72
50 40

What is the background count rate?

A.  Zero
B. 8s”

C. 16s™
D. 24s”
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4. (a) Apure radioactive sample of bismuth-204 (%:Bi) is placed near a detector, which is
connected to a counter.

<«———to counter

bismuth-204 sample detector

Bismuth-204 decays into lead (*%Pb ) by beta-plus decay according to the equation

2% Bi— “aPb+e” +v . The graph shows the variation with time ¢ of the count rate R.

R/hour™
3000

2500 1\

2000\

1500 A\

1000

500

0 t/hour
0 5 10 1520 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95100

(i)  State the background count rate.

(This question continues on the following page)
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(Question 4 continued)

(i)  Estimate the half-life of *3;Bi. [3]

(i) State and explain how the binding energy per nucleon of %:Bi compares with

that of *0Pb . (2]

(iv) The distance between the sample and the detector is 20 cm. State why this
would be an inappropriate distance for a sample that decayed by alpha decay. [1]

(b) The following data are available for nuclear masses:

bismuth = 203.932254 u
lead = 203.928034 u

Calculate the energy released in the decay of one nucleus of bismuth-204. [2]
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activity of X is 4

23. Two radioactive samples X and Y have the same half-life. Initially the ratio —
activity of Y

What is this ratio after 2 half-lives?

Aol
B. 1
C. 2
D. 4

Apollo | Original source crop | 277



Physics SL | Paper 2 | Specimen 2025 | Q4 | 6 marks

4, A smoke detector uses the radioactive nuclide americium-241.

The americium is contained in a chamber that is open to the air. There are two electrodes in
the chamber that are connected to a power supply and a current sensor.

I | | current sensor  |——
E 5 americium source

alpha
particle
tracks

electrodes

Americium-241 emits alpha particles that ionize the air in the chamber. Each ionization forms
one positive ion and one electron; these are called an ion pair. The electrons and the positive
ions move towards the electrodes and the sensor detects a current in the air.

When smoke enters the chamber, fewer ion pairs are formed and the current in the sensor
decreases, sounding an alarm.

The chamber is 0.10m in each dimension.

(a) Anucleus of americium-241 has 146 neutrons. This nuclide decays to neptunium
through alpha emission.

Complete the nuclear equation for this decay.

(2]

—Am > “Np+ —«

(This question continues on the following page)
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(Question 4 continued)

(b) Outline why the radioactive source is safe for use in a house. 11

The initial activity of the source is 42kBq. 33 % of the alpha particles emitted by this source
enter the chamber and form an ion pair.

Each alpha particle has an initial kinetic energy of 5.5 MeV.

The energy required to form one ion pair is 15eV.

(c) Calculate the maximum current in the chamber due to the electrons when there is no
smoke in the chamber. [3]

||| ||||||||| |||||||||||| |||| Tirn aver

Apollo | Original source crop | 279



Physics SL | Paper 2 | Specimen 2025 | Q4 | 6 marks

v (VIVIV VAL VIVIVIV)

Apollo | Original source crop | 280



Question 4 - working space



APOLLO

Fission

8 questions



Physics SL | Paper 1A | May 2025 TZ1 | Q23 | 1 marks

23. Asuitable material for use as a moderator in a nuclear reactor is...
A. cadmium.
B. concrete.
C. uranium-238.

D. water.
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24. In a simple model of a nuclear reactor, four neutrons are emitted per fission on average.
The average number of neutrons absorbed by the control rods is N, per fission.
The average number of neutrons that are lost through the walls of the reactor is N, per fission.
Any remaining neutrons induce further fissions.

What are possible values for N_ and N, for the reactor to maintain a steady reaction?

Nc N1
A. 1 1
B 1 3
C 2 1
D 2 2
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24. The moderator in a nuclear power station...
A. increases the proportion of U-235 in the fuel source.
B. transfers internal energy from the reactor to the turbines.
C. allows operators to regulate the rate of power production.

D. decreases the kinetic energy of neutrons in the reactor.

Turn aver
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24. Which component is responsible for slowing down neutrons in a nuclear reactor to increase the
likelihood of nuclear fission?

A. Moderator
B. Control rods
C. Fuel rods

D. Heat exchanger

Turn aver
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24. Anucleus of uranium-235 (*3U) absorbs a neutron and decays into two nuclides,
xenon-140 (' Xe) and strontium-94 (2:Sr).

How many neutrons are released in this reaction?

A1
B. 2
C. 3
D. 4

v [CIOVRV L i VY BNV
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22. Agraph of the variation with nucleon number A of the binding energy per nucleon is shown.

—

binding energy per
nucleon/MeV 4

N

0 20 40 60 80 100 120 140 160 180 200 220 240
nucleon number A

What is the approximate total energy, in MeV, needed to completely separate the nucleons of a
% Hf nucleus?

A. 580
B. 620
C. 1440
D. 2020

Turn aver
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23. Which two components of a nuclear power station are primarily responsible for ensuring that a
controlled chain reaction is maintained?

A.  Control rods and heat exchangers
B. Moderators and shielding
C. Shielding and heat exchangers

D. Moderators and control rods
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24. Three statements about a nuclear fission reactor are:

. The heat exchanger transfers energy from the fuel rods to the moderator.
Il.  The control rods must be good absorbers of neutrons.

Ill.  The moderator must slow neutrons down.
Which statements about the reactor are correct?
A. landllonly
B. landlll only
C. llandlll only

D. L llandlll

Turn aver
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25. Astar has a parallax angle of 1 x 107 arc-second at the orbit of the Earth.

What is the distance from the Sun to the star?

A. 0.01pc
B. 0.02pc
C. 50pc

D. 100pc
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22. Afusion reaction of one nucleus of hydrogen-2 and one nucleus of hydrogen-3 converts a mass
of 0.024 u into energy. A fission reaction of one nucleus of uranium-235 converts a mass of 0.48u
into energy.

energy released per unit mass of hydrogen o

What is energy released per unit mass of uranium
A. 0.050

B. 0.426

C. 235

D. 20.0
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25. Stars X and Y have the same surface temperature. Star X has a radius R and is a distance d from

Earth. The distance of star Y from Earth is % The apparent brightness of Y is double that of X.

What is the radius of star Y?

A B
2

B. Q R
2

C. R

D 2R
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8.  Star X has a surface temperature T, luminosity L and radius R.
The luminosity of star Y is 4L and the surface temperature is 2T.

What is the radius of star Y?

A =
2
R
B. ——
V2
C. 2R
D. 4R
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25. The HR diagram shows two stars, X and Y.

luminosity

surface temperature

Three statements are made about star X and star Y.

. Star X is hotter than star Y.
Il Star X has a larger radius than star Y.

[ll.  Star X is more luminous than star Y.
Which of the statements are correct?
A. landllonly
B. landlll only
C. lland lll only

D. L llandlll
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5. The following data are available for the Sun when it entered the main sequence.

Mass = 2.0 x 10*°kg
Radius = 7.0 x 10°m
Surface temperature = 5800K
Core temperature = 1.5 x 10K
Core density = 1.6 x 10° kgm™®

(@) (i) State and explain which of the above features make nuclear fusion in the
Sun possible. [3]

(i)  Outline how the Sun maintains its equilibrium state. [2]

(This question continues on the following page)
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(Question 5 continued)
The following sequence of nuclear fusion reactions takes place in the Sun.

(b)
Stage 1: (H+H—2?H+ Je" + v

Stage 2: (H+2H—>He +Jy

Stage 3: JHe+3He — 3 He+2x |H

The nuclear mass of ;H is 1.007276u and that of H is 2.013550 u. Estimate the

energy released in stage 1 of these reactions.

fcev—vuIl IV

[2]

(This question continues on the following page)
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(Question 5 continued)

(c) The Sun will leave the main sequence when it has converted 10 % of its hydrogen
mass into helium. The total energy released in the reactions in (b) is 4.3 x 107"2J.
The current luminosity of the Sun is 3.8 x 10® W. When the Sun entered the main
sequence its hydrogen mass was 1.5 x 10%kg.

vI v

(i)  Show that the Sun will stay on the main sequence for about 8 x 10° years. [3]

(i) State one assumption that was made in getting the answer to (c)(i). [1

(iii)  Estimate the total mass lost by the Sun in this time. [2]
(d) The surface temperature of the Sun is 5800 K. Determine the peak wavelength in the

Sun’s spectrum. [2]

(This question continues on the following page)
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(Question 5 continued)
(e) The Sun rotates about its axis. P is a point on the Sun’s equator.

P

to Earth

—_—

A particular spectral line of hydrogen from a laboratory source has wavelength
656.2797 nm. The same spectral line emitted from P has wavelength 656.2753 nm
when measured on Earth.

(i)  Explain this observation. [2]

(i)  Calculate the period of revolution of the Sun. [3]
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25. The stellar parallax method involves a measurement of...
A. the peak wavelength of radiation from a star.
B. the frequency shift of the lines in a stellar spectrum.
C. the position of a star in the sky at different times of year.

D. the intensity of radiation from a star at different wavelengths.
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24. The Sun and positions of four stars A, B, C and D are plotted on the grid of a Hertzsprung—Russell
(HR) diagram. Which star is a white dwarf?

10%
i @B
102 4 ®ecC
Sun
luminosity relative i ©
to the Sun 1
1072 °A
®D
1074

I I I I
40000 20000 10000 5000 2500
surface temperature/K
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25. Astaris found to have a parallax angle of 0.25 arc-seconds. What is the distance to the star in

light years?

A. 40

B. 13

C. 6.0x10"
D. 38x10"

Apollo | Original source crop | 305



Physics SL | Paper 1B | Nov 2025 TZ3 | Q2 | 8 marks

2.  Astudent investigates whether the Stefan—Boltzmann law, L = 4nc R*T*, applies to stars.
L = luminosity of the star, in W

o = Stefan—Boltzmann constant

R = radius of the star, in m

T = surface temperature of the star, in K

To verify the law, they obtain values from databases and manipulate the data as shown.

Star L R T % Iog(% log(T)
10 Lacertae | 3.92x10*" | 5.75x 10° | 3.62x 10* | 1.19 x 10" 12.1 4.56
c-Orionis A 1.60 x 10*" | 3.90 x 10° | 3.49 x 10* | 1.05x 10" 12.0 4.54
c-Orionis B 6.08 x 10%° | 3.48 x10° | 2.91 x 10* | 5.02 x 10" 1.7 4.46
Polaris B 1.50 x 10" | 9.60 x 10° | 6.90 x 10° 9.21
a-CentauriA | 5.77 x 10 | 8.49 x 10° | 5.79 x 10° | 8.00 x 10° 8.90 3.76
a-CentauriB | 1.92 x 10%* | 597 x 10° | 5.26 x 10* | 5.39 x 10° 8.73 3.72
e-Indi 8.08 x 10® | 4.95x10° | 4.65x 10> | 3.30 x 10° 8.52 3.67
Sun 3.85x 10 | 6.96 x 10° | 5.78 x 10° | 7.95x 10° 8.90 3.76

(@) Complete the table with the missing values for Polaris B.

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

The student plots the variation with log T of log (% ) and draws the line of best fit.

log (LIR?)
20
10
/ log T
0 2 4 6
-10

The student uses a GDC (graphical display calculator) to determine the equation of the line
of best fitasy =3.99x - 6.15.

(b)  Explain how the gradient of the line of best fit relates to the Stefan—Boltzmann law. [2]

(This question continues on the following page)
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(Question 2 continued)
(c) Calculate the Stefan—Boltzmann constant obtained in this investigation. [2]
(d)  Outline a conclusion for the investigation. 1]

(e) Suggest a possible improvement of the investigation, related to the range of the
surface temperatures of the stars selected. [1]
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9.  Star X has a luminosity L and an apparent brightness b. Star X is at a distance d from Earth.
Star Y has the same apparent brightness as X but is four times more luminous.

What is the distance of Star Y from Earth?

A 4d
B. 2d
c. ¢
2
p. 4
4
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21. What is the sequence for the evolution of a main sequence star of about 2 solar masses?

A. Red super giant — supernova — neutron star
B. Red giant — planetary nebula — white dwarf
C. Red giant — supernova — white dwarf

D. Red super giant — planetary nebula — neutron star

Apollo | Original source crop | 311



Physics SL | Paper 1A | Specimen 2025 | Q25 | 1 marks

25. The Hertzsprung—Russell diagram shows two stars, X and Y.

A
luminosity X Y
° °
40000 10000 2500
temperature /K
What is rad!us of X 2
radius of Y
AL
16
B. .
4
C. 4
D 16
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5. The star 6 Vel Aiis a main sequence star that has a black-body spectrum as shown.

/ N
relative .
intensity / N\
| \\
/
I n ~
/ T
/
00 01 02 03 04 05 06 07 08 09
A110%m
(@) Show that the surface temperature of 6 Vel A is about 9000K. 1]

(b) The apparent brightness of 5 Vel Ais 2.2 x 10°Wm™2 and it is 6.2 x 10" km from Earth.

Estimate the radius of 6 Vel A. [3]

(This question continues on the following page)
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(Question 5 continued)

(c) The radius of the Sun, R, is 7.0 x 10°km.

Sketch, on the Hertzsprung-Russell diagram, the position of & Vel A.

AVIVIVIV AL VIVIVIV]

[2]

luminosity

100R, 1000R,
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10.01R,
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