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SUB-TOPIC 3.6.1.1

CIRCULAR MOTION

Sub-topic 3.6.1.1 - 7 questions - 31 marks - lowest tariff first




ANSWER >

A bob of mass 0.50 kg is suspended from the end of a piece of string 0.45 m long.
The bob is rotated in a vertical circle at a constant rate of 120 revolutions per minute.

= —

\ 0.45m /

e

What is the tension in the string when the bob is at the bottom of the circle?

[1 mark]
A 58N [=]
B 3IN [=]
C 36N [=]
D 40N [=]

A




ANSWER >

’
The Moon orbits the Earth in 27 days.
What is the angular speed of the Moon’s orbit?
[1 mark]
A 43x107rads™! [=]
B 2.7x10°rads™ [=]
C 37x102rads™ [=]
D 23x10 " rads™ [=]
\.

A




ANSWER >

4 a
When an aircraft turns in a horizontal circular path, it banks at an angle 6.
lift centre of
circular path
r o
not to scale
The aircraft has mass m and travels at constant speed v in a horizontal circular path of
radius r. The lift force acts at the angle 6.
What is tan 6?
[1 mark]
2
A £ [=]
B

er
B — [=]

g

rg
c = [=]

v

v2
D _ :

rg

L J
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ANSWER >

r N
A small mass is placed at P on a horizontal turntable. The turntable rotates clockwise with
a constant angular speed about a vertical axis through its centre O.
view of turntable from above
The mass remains at rest relative to the turntable.
What is the direction of the frictional force on the mass at the instant shown?
A fromPto O E|
B fromPto Q E
C fromPtoR E
D fromPto S E
\_ _J

INZ)



ANSWER >

( )

n Figure 8 shows a side view of an act performed by two acrobats. Figure 9 shows the
view from above.

Figure 8 Figure 9

platform motor

platform

|
|
i
rope ;
[
|

The acrobats, each of mass 85 kg, are suspended from ropes attached to opposite
edges of a circular platform that is at the top of a vertical pole. The platform has a
diameter of 2.0 m

A motor rotates the platform so that the acrobats move at a constant speed in a
horizontal circle, on opposite sides of the pole.

When the period of rotation of the platform is 5.2 s, the centre of mass of each acrobat

is 5.0 m below the platform and the ropes are at an angle of 28.5° to the vertical as
shown in Figure 8.

- Show that the linear speed of the acrobats is about 4.5 ms*

[2 marks]

- Determine the tension in each rope that supports the acrobats.
[3 marks]
tension = N

- Discuss the consequences for the forces acting on the pole when one acrobat has a
much greater mass than the other.
[3 marks]

.ﬁ‘
10



ANSWER >

n A racing car of mass m travels around a horizontal oval track. The curved sections of
the track are semicircles.

II| At the instant shown in Figure 10 the car is moving with constant speed v in a circle

of radius R.

Figure 10

not to scale
The car has kinetic energy E,.
The resultant force acting on the car is F.
Show that R = ﬂ
F
[2 marks]

The maximum centripetal force that can be produced between the car’s tyres and the
track is 24 kN.
The minimum value of R is 230 m.

m = 1600 kg

@ The car just starts to slip when it travels on the track in a circular path of radius 230 m.

Deduce the speed of the car.
[1 mark]

speed = ms!

INZ)
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ANSWER >

( )
E The driver wishes to drive this car around the curved section of the track, without

slipping, at a speed greater than your answer to Question 07.2.

Suggest one way in which the driver can achieve this.

[1 mark]

Figure 11 shows the car on the curved section of a different oval track.

The curved section of this track is a slope. This means that cars can travel at greater
speeds than on the track shown in Figure 10.

Figure 11
not to scale
horizontal
E The car in Figure 11 stays at the same height on the curved section of the track.
There is no tendency for the car to slip up or down the track and therefore there is no
sideways friction on the tyres.
Draw and label, on Figure 11, arrows to show the direction of each force that acts on
the car as it travels around the curved section of the track.
[2 marks]
Question 7 continues on the next page
g J




ANSWER >

” )
E A car has a greater maximum speed on a sloped track than on a horizontal track of
the same radius.
Explain why.
[2 marks]
\. y,

INZ)
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ANSWER >

[o[4][1]

Figure 6 shows a rotating spacecraft that is proposed to carry astronauts to Mars.
Figure 6

direction of rotation

floor

s
B

astronaut

The spacecraft consists of two parts A and B connected by a rigid cylindrical rod.
When the spacecraft is travelling, A and B rotate at a constant angular speed about
their common centre of mass O.

L is the distance between the centre of mass of A and the centre of mass of B.
7, is the distance from O to the centre of mass of A.

As the spacecraft rotates, a force that imitates the effect of gravity acts on an
astronaut who is in contact with the floor.

Explain why.
[2 marks]

B\f/ﬂ‘
14




ANSWER >

El The forces exerted on A and B by the connecting rod have the same magnitude.

m, is the mass of A
myg is the mass of B

Show, by considering the centripetal forces acting on A and B, that r, is given by

. mgL
A
my +mg

[2 marks]

El In this spacecraft m, < ms,.

Deduce whether the centre of mass of A or the centre of mass of B rotates with a
greater linear speed.
[2 marks]

Question 4 continues on the next page

INZ)
15



ANSWER >

The astronauts live in A and the cargo is stored in B.
When loaded,
my=1.32 % 10°kg
mg = 3.30 x 10° kg.
The spacecraft imitates the gravity of Mars where g=3.7 ms 2.

Figure 7 shows a stress—strain curve for the metal used for the rigid rod.

Figure 7

IZl Suggest a suitable diameter for the rod.

Justify your answer.
[5 marks]

diameter = m

INZ)
16



SUB-TOPIC 3.6.1.2

SIMPLE HARMONIC MOTION AND SYSTEMS

Sub-topic 3.6.1.2 - 25 questions - 76 marks - lowest tariff first

17



ANSWER >

-
EII' Which graph best shows how the kinetic energy of a simple pendulum varies with
displacement from the equilibrium position?
[1 mark]
kinetic energy kinetic energy
0 0
0 displacement 0 displacement
A B
kinetic energy kinetic energy
0
0 displacement 0 displacement
C D
A [=]
B [=]
c [=]
D [=]
.

INZ)
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ANSWER >

EIZl The graph shows how the displacement of a particle performing simple harmonic motion
varies with time.

displacement

3r T time

INES
L

Which statement is not correct?

[1 mark]
A The speed of the particle is a maximum at time % El
B  The potential energy of the particle is zero at time 3T E
C The acceleration of the particle is a maximum at time % El
[=]

D The restoring force acting on the particle is zero at time T

END OF QUESTIONS
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ANSWER >

’
A body performs simple harmonic motion.
What is the phase difference between the variation of displacement with time and the
variation of acceleration with time for the body?
[1 mark]
A O (=]
T
B 4 rad [=]
C = rad [=]
2
D =rad E
L

INZ)
20




ANSWER >

-
An object of mass 0.15 kg performs simple harmonic motion. It oscillates with amplitude
55 mm and frequency 0.80 Hz
What is the maximum value of its kinetic energy?
[1 mark]
A 57x107) [=]
B 11x107°J [=]
C 057 [=]
D 113 [=]
.

INZ)
21




ANSWER >

( )

Which graph shows how the gravitational potential energy E, of a simple pendulum varies
with displacement s from the equilibrium position?

[1 mark]
A B
E, Ep

o] [o Lof [o]

END OF QUESTIONS
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ANSWER >

~ N
The graph shows the variation of displacement d with time ¢ for a particle moving with

simple harmonic motion of period T.

d
T
0
0 !
Which graph shows the variation of kinetic energy E of the particle with time?
[1 mark]
A B
Ey Ey
0 : 0 i
0 T 1 0 i 1
C D
Ly Ly
0 . 0 :
0 T 1 0 7 t

A =]

B [=]

c [=]

b [=]

\ S
Q‘Q'/@
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ANSWER >

-
Two pendulums A and B oscillate with simple harmonic motion.
The time period of Ais 2.00 s and the time period of B is 1.98 s.
A and B are released in phase.
What is the number of oscillations of A before A and B are next in phase?
[1 mark]
A 49 (=]
B 50 [=]
C 99 [=]
D 100 [=]
\.

INZ)
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ANSWER >

is m.

What is the relationship between f'and m?

1

A focm_E
B focm?’
1

C focmE

Dfocm2

o] [o] o] [o]

Elil The frequency of oscillation of a vertical spring is ' when the mass hanging from the spring

[1 mark]

\

INZ)
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ANSWER >

4 a
A particle of mass m undergoes simple harmonic motion with amplitude 4 and frequency f.
What is the total energy of the particle?
[1 mark]
A 2mmfA4> E
B 2n’mf*4* E
C 4mm’f4 [=]
D 4n’mf24> E
L J

INZ)
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ANSWER >

4 A
The period of a simple pendulum is doubled when the pendulum length is increased
by 1.8 m.
What is the original length of the pendulum?
[1 mark]
A 0.45m [=]
B 0.60 m (=]
C 0.90m [=]
D 3.6m (=]
END OF QUESTIONS
L J

INZ)
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ANSWER >

4 )
A simple pendulum and a mass—spring system each have a time period 7 on the Earth.
They are taken to the surface of a planet where the acceleration due to gravity is %
What are the time periods of the pendulum and the mass—spring system on this planet?
[1 mark]
Simple pendulum Mass-spring system
T
A : r =]
B 2T T (=]
T
c 7 21 =]
D 2T 2T (=]
. W,
Q&'/@

28



ANSWER >

7
Elil A particle of mass m is oscillating with simple harmonic motion.
The period of the oscillation is 7 and the amplitude is 4.
What is the maximum kinetic energy of the particle?
[1 mark]
mA’
A
2T2 EI
2 2
T mA
B ———_
7 (=]
2mA’
c 2 =]
2n°mA’
JEl (=]
END OF QUESTIONS
L

INZ)
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ANSWER >

EEI A particle performs simple harmonic motion with a time period of 1.4 s and an amplitude of
12 mm.

What is the maximum speed of the particle?
[1 mark]

A 8.6mms’!
B 27 mms!
C 54mms!

D 110 mms™'

o] [o Lof o]

END OF QUESTIONS

~

INZ)
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ANSWER >

Elil A mass, attached to two springs, oscillates horizontally between P and Q. The motion of

the system is simple harmonic.
i 0
| mass |
7% | U | ?

N

smooth surface

Which quantity has its magnitude at a minimum value when the mass is at Q?
[1 mark]

A the acceleration of the mass E
B the kinetic energy of the mass El
C the potential energy of the mass—spring system EI

D the resultant force of the springs on the mass E

END OF QUESTIONS

~

A
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ANSWER >

’
A body is in simple harmonic motion of amplitude 0.60 m and period 2w seconds.
What is its speed when its displacement is 0.20 m?
[1 mark]
A 032ms’! [=]
B 0.57ms"! (=]
C 0.63ms" [=]
D 22ms’! [=]
.

INZ)
32




ANSWER >

at the surface of the Earth.

Both are taken to planet X where the acceleration due to gravity is ES

g

Period of mass—spring system

Period of simple pendulum

T
2

T2

2T

T2

END OF QUESTIONS

Elzl A mass—spring system and a simple pendulum have identical periods of oscillation 7" when

What are the periods of the mass—spring system and the simple pendulum on X?

[1 mark]

ol o L] o]

~

@'fﬂ
33



ANSWER >

-
EE' A pendulum is oscillating with simple harmonic motion.
Which row gives the momentum of the pendulum bob and its gravitational potential energy
(GPE) when the acceleration of the pendulum bob is zero?
[1 mark]
Momentum GPE
A zero maximum El
B maximum minimum \El
C maximum maximum El
D zero minimum El
\

INZ)
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ANSWER >

-
Elil A spring with a spring constant of 50 N m™! is attached to a rigid horizontal bar.
An object of mass m is attached to the bottom of the spring.
When the bar is made to move vertically up and down with a frequency of 2.6 Hz, the
mass—spring system undergoes resonance.
Ignore the effects of damping.
m
What is m?
[1 mark]
A19%g [=]
B370g [=]
c4%0g [=]
D5%0g [=]
.
INZ]
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ANSWER >

-
EIZI A simple pendulum of length 8.0 cm oscillates on Earth with a frequency f;.
An identical pendulum on the Moon oscillates with a frequency f,.
The acceleration due to gravity is 1.6 m s~2 on the surface of the Moon.
What is f, - £,?
[1 mark]
A 1.8 Hz (=]
B 1.1 Hz (=]
C 0.85Hz (=]
D 0.35 Hz (=]
L

INZ)
36




ANSWER >

A loudspeaker cone is driven by a signal generator (oscillator).
Figure 8 shows the variation of displacement with time ¢ for a point P at the centre of
the cone. P is oscillating with simple harmonic motion.

Figure 8

displacement 0
[ mm

|
eI SELIE

EI State the time, in milliseconds, when P is moving at its maximum positive velocity.

[1 mark]
time = ms
Izl Calculate the maximum acceleration of P.
[3 marks]
acceleration = ms*
Question 6 continues on the next page
. .

@'fﬂ
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ANSWER >

4 A
E The loudspeaker creates variations in pressure and produces a sound wave in the air
around it.
State the type of wave produced and describe the motion of the particles in this type
of wave.
[1 mark]
L J

INZ)
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ANSWER >

A mass—spring system is undergoing simple harmonic motion (SHM).
The maximum velocity of the mass is 0.39 m s™' and the period of oscillation is 0.81 s.

III Draw, on Figure 4, a graph of acceleration against displacement for the system.

Label each axis with a suitable unit and scale.

@ Label, with a P, a point on your graph where the mass has 50% of its maximum

kinetic energy.




ANSWER >

( )
A pencil is weighted with a thin coil of wire. The volume of the wire is negligible.
Figure 14 shows the pencil and wire floating in equilibrium in water.
Figure 14 Figure 15
pencil —__ [ A
N |
/
.V

'
|
|
i
|
|
|
|
|
|

=
|
|
|
[

(A

- —Oi

In Figure 14 the combined weight of the pencil and wire is equal to an upwards force
called the buoyancy force. The length of the pencil that is submerged is /.

A student pushes the pencil down through a displacement y as shown in Figure 15.
The buoyancy force is now greater than the weight.

There is a resultant upward force F acting on the pencil when the student releases it.
The magnitude of F for any value of y is given by

F=Apgy

where A is the cross-sectional area of the pencil
p is the density of water
g is the acceleration due to gravity.

The pencil is pushed down and released. The pencil then oscillates vertically about
the equilibrium position.




ANSWER >

4 )
El Show that the pencil moves with simple harmonic motion.
[2 marks]
@ The time period T of the vertical oscillations is given by
T=2n \/z
g
The measured value of /in Figure 15 is 85 mm.
The pencil is pushed down 5.0 mm and released.
Calculate the maximum acceleration of the pencil.
[2 marks]
maximum acceleration = ms?
Question 6 continues on the next page
\_ J

INZ)
41



ANSWER >

A ship floating in the sea can be modelled by the pencil floating in water.
The ship can oscillate vertically. These oscillations are called heave oscillations.

Wave motion causes forced oscillations of the ship. Under certain conditions, heave
resonance may then occur.

E Explain what is meant by resonance.

[2 marks]

E Figure 16 shows a ship moving through continuous waves of wavelength 118 m
and velocity 14.2 ms".

The ship is moving steadily at 8.0 m s~ relative to the seabed in the same direction as
the waves.

Figure 16

A
42



ANSWER >

The natural frequency of heave oscillations of the ship is 0.13 Hz.

she can do the operation if the ship remains fairly steady.
There are two options:

o stop the ship’s motors and loosely anchor the ship to the seabed
e continue to sail the ship at 8.0 m s™' in the same direction.

Deduce which is the better option.
Support your answer with a calculation.

A crew member needs an emergency operation. The ship’s doctor is confident that

[3 marks]

END OF SECTION A

A
43




ANSWER >

Section B
Each of Questions 07 to 31 is followed by four responses, A, B, C and D.

For each question select the best response.

Only one answer per question is allowed. \
For each question, completely fill in the circle alongside the appropriate answer.

CORRECT METHOD IZI WRONG METHODS ‘ ® H ® Hé H dﬁ ‘

If you want to change your answer you must cross out your original answer as shown. IE

If you wish to return to an answer previously crossed out, ring the answer you now wish to select

as shown. @

You may do your working in the blank space around each question but this will not be marked.
Do not use additional sheets for this working.

Btyfﬂ‘
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ANSWER >

4 )
A teacher sets up a demonstration to show the relationship between circular motion
and simple harmonic motion (SHM).
She places a block on a turntable at a point 0.25 m from its centre, as shown
in Figure 9.
Figure 9
L 025m 4
]
]
|
— turntable
The turntable rotates with an angular speed of 1.8 rad s™' and the block does not slip.
|I| Calculate the time taken for the turntable to complete one revolution.
[2 marks]
time = S
\ J

INZ)
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ANSWER >

4 )
El Figure 10 shows a plan view of the turntable and block.
The turntable rotates in a clockwise direction.
Draw an arrow on Figure 10 to show the direction of the resultant force on the block.
[1 mark]
Figure 10
block
El The mass of the block is 0.12 kg.
Calculate the magnitude of the resultant force on the block.
[2 marks]
magnitude of force = N
Question 5 continues on the next page
\ S

A
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ANSWER >

4 )
El Describe, with reference to one of Newton’s laws of motion, the evidence that a
resultant force is acting on the block.
[2 marks]
El The teacher adjusts the angular speed of the turntable so that the block completes
one rotation every 2.50 s.
She sets up a simple pendulum above the centre of the turntable so that it swings in
phase with the movement of the block.
Calculate the length of the simple pendulum.
[2 marks]
length = m
\ S

A
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ANSWER >

Figure 11

shadow
of bob

shadow

l/ of block

|_—screen

amplitude

Air resistance affects the motion of the pendulum.

Initially the shadows move in phase with the same amplitude.

El A lamp is used to project shadow images of the block and pendulum bob on a screen.
Both shadows appear to move with SHM across the screen.
Figure 11 shows the images on the screen at one instant.

Suggest the effect this has on the amplitude relationship and the phase relationship
between the moving shadows.

[2 marks]

phase

~

INZ]
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ANSWER >

-
This question is about the vertical oscillations of a test tube in a liquid.
Figure 10 shows some wire wound tightly around a test tube.
The ends of the wire are secured with tape.
Figure 10
|4
B
tape
‘axis of the test tube'\ [0 Il A :
! "'|'|||'_||I|'
0 1 O
enlarged view | i il
S St e
thickness
of wire
P and Q are points marked on the wire, as shown in the enlarged view in Figure 10.
A travelling microscope with a vernier scale is used to measure the distance between
P and Q.
The microscope reading at P is 9.26 mm.
Figure 11 shows the microscope reading at Q.
Figure 11
\
Q‘Q'/@
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ANSWER >

4 a
II' Show that the wire has a thickness of approximately 1.2 mm.
[2 marks]
El The external diameter of the test tube is 18.0 mm.
Deduce the length of wire between P and Q.
[3 marks]
length of wire = mm
Question 4 continues on the next page
L J
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A student investigates vertical oscillations of the test tube in a liquid.

Figure 12 shows the test tube and wire floating at rest in a beaker of
dark-coloured oil.

The part of the test tube below the surface cannot be seen clearly through the oil.

The test tube is then pushed downwards as far as possible, as shown in Figure 13.

Figure 12 Figure 13

beaker\

| |

o omre

__l
' |
i -

ol = = o
L% . b i_] o
test tube initially at rest test tube at the

position of release

The test tube is now released from the position shown in Figure 13.
The test tube oscillates vertically with simple harmonic motion of period T.

El A horizontal fiducial mark is used to reduce uncertainty in the measurement of 7.
The fiducial mark is to be placed level with one of the positions A, B, C or D shown in
Figures 12 and 13.

Identify the correct position for the fiducial mark.
Go on to explain why you chose this position.
[2 marks]

position =




ANSWER >

( )
IZl When the total mass of the test tube, wire and tape is constant, it can be shown that:
T o !
Jdensity of the liquid
When the test tube oscillates in the oil, T'is 0.587 s.
The density of the oil is 8.49 x 10 kg m™.
The test tube is cleaned and placed in an identical beaker containing milk.
When the test tube oscillates in the milk, 7'is 0.534 s.
Determine the density of the milk.
[2 marks]
density = kgm™
El Due to damping, only a small number of oscillations occurs after the test tube
is released.
The student wants to produce a greater number of oscillations for a particular liquid
without changing 7.
State and explain two ways in which the apparatus can be modified to achieve this.
[3 marks]
1
2
END OF QUESTIONS
g J




ANSWER >

~
A simple pendulum performs oscillations of period 7 in a vertical plane.

Figure 1 shows views of the pendulum at the equilibrium position and at the instant of
release. Figure 1 also shows a rectangular card marked with a vertical line.

Figure 1

A AP AP P IO L7 P 7

pendulum at the

pendulum at the
equilibrium position

instant of release

T card marked with
a vertical line

Iil The card can be used as a fiducial mark to reduce uncertainty in the measurement
of T.

Annotate Figure 1 to show a suitable position for the fiducial mark.
Explain why you chose this position.

[2 marks]

@'fﬂ
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EI The period of the pendulum is constant for small-amplitude oscillations.
Figure 2 shows an arrangement used to determine the maximum amplitude that can
be considered to be small, by investigating how T varies with amplitude.

Figure 2

Pl P

=7
horizontal floor

Describe a suitable procedure to determine Ar, the amplitude of the pendulum as it is
released.
You may add detail to Figure 2 to illustrate your answer.

[2 marks]
Question 1 continues on the next page
El Figure 3 shows some of the results of the experiment.
Figure 3
. .
INZ]
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4 a
Estimate, using Figure 3, the expected percentage increase in 7'when Ar increases
from 0.35 m to 0.70 m.
Show your working.

[3 marks]
percentage increase = %
Question 1 continues on the next page
L J

INZ)
55



ANSWER >

In another experiment the pendulum is released from a fixed amplitude.
The amplitudes A4, of successive oscillations are recorded, where n=1, 2, 3,4, 5... .

Table 1 shows six sets of readings for the amplitude A4s.

Table 1

As/m 0.217 0.247 0.225 0.223 0.218 0.224

E Determine the result that should be recorded for As.
Go on to calculate the percentage uncertainty in this result.

[3 marks]
As = m
percentage uncertainty = %

El Table 2 shows results for A, and the corresponding value of In(4» / m) for certain

values of n.
Table 2
n Ay / m In(4, / m)
2 0.238 —1.435
4 0.225
7 0.212 —1.551
10 0.194 —1.640
13 0.183 —1.698
Complete Table 2.
[1 mark]
L J
£



ANSWER >

El Plot on Figure 4 a graph of In(4. / m) against n.
[2 marks]
Figure 4
In(4,, / m) ------ : . i :
0 2 4 fa 8 10 12 14
I
Question 1 continues on the next page
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. It can be shown that
An = AO 5_"

where Ao is the amplitude of release of the pendulum
0 is a constant called the damping factor.

Explain how to find ¢ from your graph.
You are not required to determine o.

[2 marks]

INZ)
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SUB-TOPIC 3.6.1.4

FORCED VIBRATIONS AND RESONANCE

Sub-topic 3.6.1.4 - 1 question - 1 marks - lowest tariff first
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ANSWER >

Elzl A metal panel is driven to vibrate at different frequencies. The amplitude a of the vibration
is measured at each frequency. The graph shows the variation of amplitude with driven
frequency.

a/mm

0 100 frequency/Hz

The damping of the metal panel is increased without changing the mass of the panel.

Which graph on the opposite page shows the variation of a with frequency with increased
damping?
[1 mark]

A
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END OF QUESTIONS
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SUB-TOPIC 3.6.2.1

THERMAL ENERGY TRANSFER

Sub-topic 3.6.2.1 - 8 questions - 35 marks - lowest tariff first
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ANSWER >

A continuous stream of water falls through a vertical distance of 100 m.
Assume no thermal energy is transferred to the surroundings.
The specific heat capacity of water is 4200 J kg_1 K.

What is the temperature difference of the water between the top and bottom of the

waterfall?

A 0023K

B 023K

Cc 23K

o] [of Lof o]

D 43K

[1 mark]

INZ)
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ANSWER >

-
A student measures the power of a microwave oven. He places 200 g of water at 23 °C
into the microwave and heats it on full power for 1 minute. When he removes it, the
temperature of the water is 79 °C.
The specific heat capacity of water is 4200 J kg_1 K.
What is the average rate at which thermal energy is gained by the water?
[1 mark]
A T80W [=]
B 840W [=]
C  L1kW [=]
D 46kW [=]
| — | 11
\

INZ)
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ANSWER >

A solar panel transfers energy at a rate of 1.2 kW to liquid passing through it. The liquid
has a specific heat capacity of 4.0 kJ kg™ ! K™!.

When the liquid flows through the solar panel, its temperature increases by 3.0 K.

The flow rate of the liquid is
[1 mark]

A 0.10kgs ™.
B 1.1kgs™.

C 10kgs™.

o] o] [o] [o]

D 100kgs'.

INZ)
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A 1.0kg
B 13kg

C 60kg

D 110kg

What mass of water is heated?

[=]

[=]
[=]
[=]

A 1000 W heater is 75% efficient. The heater is used to increase the temperature of some
water from 10 °C to 85 °C in 7 hours.

specific heat capacity of water = 4200 J kg ' K™!

~

INZ)
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ANSWER >

Figure 1 shows an electric steam iron.

Figure 1

electrically-heated
metal plate L
water reservoir

IRANARRAARE AN A AERARRAN

steam

Water from a reservoir drips onto an electrically-heated metal plate. The water boils
and steam escapes through holes in the metal plate.

The electrical power of the heater inside the iron is 2.1 kW.

Assume that all the energy from the heater is transferred to the metal plate.

|I| The metal plate has a mass of 1.2 kg and is initially at a temperature of 20 °C.
The heater is switched on. After a time ¢ the metal plate reaches its working
temperature of 125 °C.

Calculate t.

specific heat capacity of the metal = 450 J kg ! K!
[2 marks]

INZ]
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@ The metal plate is maintained at its working temperature.
Water at 20 °C drips continuously onto the metal plate.
Steam at 100 °C emerges continuously from the iron.

The maker claims that the iron can generate steam at a rate of 60 g min™"'.

Determine whether this claim is true.

specific latent heat of vaporisation of water =2.3 x 10° J kg ™!
specific heat capacity of water = 4200 J kg ! K!

[3 marks]

INZ)
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- Explain what is meant by specific latent heat of fusion.

[2 marks]

- Figure 1 shows how the temperature of the water is maintained in a hot tub.

Figure 1

The hot tub system has a volume of 4.5 m®and is filled with water at a temperature of
28 °C

The heater transfers thermal energy to the water at a rate of 2.7 KW while a pump
circulates the water.

Assume that no heat is transferred to the surroundings.

INZ)
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Calculate the rise in water temperature that the heater could produce in 1.0 hour.
density of water = 1000 kg m™

specific heat capacity of water = 4200 J kg™ K™
[3 marks]

temperature rise = K

- The pump can circulate the water at different speeds.

When working at higher speeds the rise in temperature is greater.

Explain why.
Again assume that no heat is transferred to the surroundings.

[2 marks]

INZ)
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ANSWER >

Figure 1 shows a perfectly insulated cylinder containing 0.050 kg of liquid nitrogen at

a temperature of 70 K.
A heater transfers energy at a constant rate of 12 W to the nitrogen.

A piston maintains the pressure at 1.0 x 10° Pa during the heating process.

Figure 1

A
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ANSWER >

|I| The nitrogen is heated from 70 K and is completely turned into a gas after 890 s.

Calculate the specific heat capacity of liquid nitrogen.
Give an appropriate unit for your answer.

specific latent heat of vaporisation of nitrogen = 2.0 x 10°J kg_1

boiling point of nitrogen =77 K
[5 marks]

specific heat capacity = unit =

Question 1 continues on the next page

INZ)
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4 a
IZ| The work done by the nitrogen in the cylinder when expanding due to a change of
state is X.
The energy required to change the state of the nitrogen from a liquid to agas is Y.
Deduce which is greater, X or Y.
density of liquid nitrogen at its boiling temperature = 810 kg m’
density of nitrogen gas at its boiling temperature = 3.8 kg m?
[4 marks]
L J

INZ)
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ANSWER >

Figure 1 shows how the temperature of the sample changes when energy is
transferred to it at a constant rate of 35 W.

Figure 1

120 5 G 1 R T R Y VA

804

0 B .5 i 2
temperature L l o e e
e el

20 h"';

0{/

2005 4 6 8 10 12 14 16

S /
time/min  "® ¢

Iil State the melting temperature of M.

temperature =

A perfectly insulated flask contains a sample of metal M at a temperature of —

10 °C.

[1 mark]

°C

INZ)
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@ Explain how the energy transferred to the sample changes the arrangement of the
atoms during the time interval ¢a to 7s.
[1 mark]

El State what happens to the potential energy of the atoms and to the kinetic energy of
the atoms during the time interval ¢a to s.
[2 marks]

lzl Describe how the motion of the atoms changes during the time interval s to zc.
[1 mark]

Question 1 continues on the next page

A
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r
El The sample has a mass of 0.25 kg.
Determine the specific heat capacity of M when in the liquid state.
State an appropriate S| unit for your answer.
specific heat capacity = unit =
El Table 1 shows the specific latent heats of fusion / for elements that are liquid at
similar temperatures to M.
Table 1
Element Caesium Gallium Mercury Rubidium
I/ kJkg™! 16 80 11 26
M is known to be one of the elements in Table 1.
Identify M.
M
L

A
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SUB-TOPIC 3.6.2.2

IDEAL GASES

Sub-topic 3.6.2.2 - 15 questions - 54 marks - lowest tariff first
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ANSWER >

4 a
The graph shows the variation of pressure p with temperature @ for a fixed mass of an
ideal gas at constant volume.
What is the gradient of the graph?
[1 mark]
A 0341 [=]
B 0.305 [=]
c 293 [=]
D 5.00 [=]
L J
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4 A
Two flasks X and Y are filled with an ideal gas and are connected by a tube of negligible
volume compared to that of the flasks. The volume of X is twice the volume of Y.
X'is held at a temperature of 150 K and Y is held at a temperature of 300 K
What is the ratio massofgasin X -
mass of gasin 'Y
[1 mark]
A 0125 [=]
B 025 [=]
c 4 [=]
D 8 =]
T 1 e
. J

INZ)
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4 a
When an ideal gas at a temperature of 27 °C is suddenly compressed to one quarter of its
volume, the pressure increases by a factor of 7
What is the new temperature of the gas?
[1 mark]
A 15°C (=]
B 47°C (=]
C 171 °C [=]
D 252°C (=]
L J
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ANSWER >

The diagram shows two flasks X and Y connected by a thin tube of negligible volume.

100 K

The flasks contain an ideal gas.

The volume of X is twice the volume of Y. When X is at a temperature of 100 K and Y is at
a temperature of 400 K there is no net transfer of particles between the flasks.

X contains gas of mass m.

What is the mass of gas in Y?
[1 mark]

Al
8
g
2

C 2m

o D [ [o

INZ)
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’
A sample P of an ideal gas contains 1 mol at an absolute temperature T.
2
A second sample Q of an ideal gas contains E mol at an absolute temperature 27.
The total molecular kinetic energy of P is E.
What is the total molecular kinetic energy of Q?
[1 mark]
2
Az =]
3
8 2k =]
4
c 1 =]
3
D& [=]
L

INZ)
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4 a
An ideal gas, initially at 300 K, is compressed to half its original volume. It is then cooled
at constant volume until the pressure is restored to its initial value.
What is the final temperature of the gas?
[1 mark]
A 150K [=]
B 200 K (=]
C 300K (=]
D 600 K [=]
L J
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-
A fixed volume of an ideal gas is heated.
Which row gives quantities that double when the kelvin temperature of the gas doubles?
[1 mark]
A rms speed of the molecules pressure of the gas El
B density of the gas rms speed of the molecules EI
C internal energy of the gas density of the gas El
D pressure of the gas internal energy of the gas El
.
INZ)
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-
Which can lead to a value for the absolute zero of temperature?
[1 mark]
A Boyle's law El
B Brownian motion El
C Charles’s law EI
D Rutherford scattering E
\.

INZ)
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[=]
[=]

[=]

’
In which process is work done by an ideal gas?
A doubling the pressure at constant volume
B doubling the volume at constant pressure
C doubling the absolute temperature at constant volume E
D doubling the pressure at constant temperature
L

[1 mark]

INZ)
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’
An ideal gas is enclosed in an insulated container with a small electric heater.
The initial temperature of the gas is 300 K.
The product of pressure and volume is 5000 J.
The gas expands at constant pressure and does 1660 J of work.
What is the final temperature of the gas?
[1 mark]
A 300K [=]
B 400 K [=]
C 450K [=]
D 900 K [=]
L

INZ)
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( )
In an investigation of Boyle’s law, a sealed syringe of cross-sectional area 1.0 x 10™* m?
contains 12 cm® of gas. The gas is initially at atmospheric pressure.

A weight of 2.5 N is then suspended from the plunger of the syringe as shown in
the diagram.

stand ——
sealed end of syringe

L
L syringe
c!amp/ _
loop of string
weight of 2.5 N

[ |

The temperature of the gas in the syringe and the atmospheric pressure are constant.
atmospheric pressure = 1.0 x 10° Pa

What is the new volume of gas in the syringe?
[1 mark]

A 3cm’
B 9cm’

C 16cm’

o] [o] Lo [o]

D 48 cm®

A
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’
The graph shows how the pressure of a fixed mass of gas varies with temperature.
The gas has a constant volume.
P
pressure
/ kPa
P
0, 0,
temperature / °C
Which expression gives a value for absolute zero in °C?
[1 mark]
0, -6,
A p 2 1 J_e :
’ (pz — P 1
0,-6,
B 9 -p ( 2 1 J :
L Pr— D
P~ D
C - 0. :
P> [92 0 J 2
P~ D
D 6,- :
2 pz( 0,0, ]
L

INZ)
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A room contains dry air at a temperature of 20.0 °C and a pressure of 105 kPa.
Iil Show that the amount of air in each cubic metre is about 40 mol.
[1 mark]
[0]1].[2] The density of the dry airis 1.25 kg m>.
Calculate c,,,, for the air molecules.
Give your answer to an appropriate number of significant figures.
[3 marks]
Crms = m S_1

El Calculate, in K, the change of temperature that will double ¢, for the air molecules.
[2 marks]

change of temperature = K

INZ)
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ANSWER >

Izl A room contains moist air at a temperature of 20 °C.

A dehumidifier cools and then condenses water vapour from the moist air.
The final temperature of the liquid water that collects in the dehumidifier is 10 °C.
Drier air leaves the dehumidifier at a temperature of 20 °C.

Table 1 compares the air flowing into and out from the dehumidifier.

Table 1
mass of water
mass of air
moist air flowing in 0.0057
drier air flowing out 0.0037

In one hour, a volume of 960 m? of air flows through the dehumidifier.
Assume that the density of the air remains constant at 1.25 kg m™>.

Determine how much heat energy is removed in one hour from the water vapour by
the dehumidifier.

specific heat capacity of water vapour = 1860 J kg ! K!

specific latent heat of vaporisation of water = 2.3 x 10° J kg™!
[3 marks]

heat energy removed = J




ANSWER >

n This question is about an experiment to estimate absolute zero.
Figures 9a to 9d show the stages in the procedure carried out by a student.
An empty flask fitted with a tube and an open valve is placed in water bath H containing
hot water. The air inside the flask is allowed to come into thermal equilibrium with the
water.

The valve is then closed, trapping a certain volume of air, as shown in Figure 9a.

Figure 9a

valve closed

_ | water bath H
(hot water)

The flask is inverted and placed in water bath C in which the water is at room
temperature.

The air inside the flask is again allowed to come into thermal equilibrium with the water,
as shown in Figure 9b.

Figure 9b

-

——water bath C
(room temperature)

Question 3 continues on the next page




ANSWER >

The valve is opened and some water enters the flask, as shown in Figure 9c.

Figure 9c

—+—water bath C

N

The depth of the inverted flask is adjusted until the level of water inside the flask is the
same as the level in the water bath.

The valve is then closed, trapping the air and the water inside the flask, as shown in
Figure 9d.

Figure 9d

— 1 water bath C

- Explain why the volume of the air in the flask in Figure 9c is less than the volume of
the air in the flask in Figure 9d.
[2 marks]

@'fﬂ
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( )

. Explain why Charles’s Law can be applied to compare the air in the flask in Figure 9a
with the air in the flask in Figure 9d.
[2 marks]

. The flask is removed from water bath C and the valve and stopper are removed.
The volume of the water in the flask is V1
The flask is then completely refilled with water and the valve and stopper replaced.
The volume of the water now in the flask is V»
The volumes V; and V; are shown by the shaded parts in Figure 10.

Figure 10

volume I/, volume 1/,

Explain how Vi and V; can be determined.
In your answer you should
¢ identify a suitable measuring instrument

e explain a suitable procedure to eliminate possible systematic error.
[3 marks]

Question 3 continues on the next page




ANSWER >

-
- Plot on Figure 11 points to show the volume V and the temperature 6 of the air in the
flask when
o the flask is as shown in Figure 9a
e the flask is as shown in Figure 9d.
The temperature of the hot water bath is 86 °C
Room temperature is 19 °C
V; =48 cm?
V, = 255 cm®
[3 marks]
Figure 11
- Add a best fit line to your graph in Figure 11 to show how V should vary with 8
according to Charles’s Law.
[1 mark]
El Determine the value of absolute zero in °C using your graph in Figure 11.
[3 marks]
value of absolute zero = °C
END OF QUESTIONS
.
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ANSWER >

-
Figure 9 shows air trapped in a vertical cylinder by a valve and a piston P.
The valve remains closed throughout the experiment.
A mass is placed on top of P.
P moves downwards and the volume of the trapped air decreases.
There are no air leaks and there is no friction between the cylinder and P.
Figure 9
MasS —
P—|
clamp \J
r.
reduced
air volume of air —_ | ¥
\cylinder
closed valve ::
The vertical distance y between the end of P and the closed end of the cylinder is
measured.
Additional masses are used to find out how y depends on the total mass M placed on
top of P.
Figure 10 shows a graph of these data.
EI Show that y is not inversely proportional to M.
Use data points from Figure 10.
[2 marks]
.




ANSWER >

Figure 10
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Question 4 continues on the next page
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ANSWER >

Izl The masses are removed and the cylinder is inverted.
P moves downwards without friction before coming to rest, as shown in Figure 11.

Figure 11

_ closed valve

Explain why P does not fall out of the cylinder unless the valve is opened.
[3 marks]

INZ)
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4 a
El The mass of P is 0.350 kg.
Deduce y when the cylinder is in the inverted position shown in Figure 11.
Draw a line of best fit on Figure 10 to arrive at your answer.
[4 marks]
y= mm
Question 4 continues on the next page

L J
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Figure 12 shows apparatus used in schools to investigate Boyle’s law.
Figure 12

enlarged view

trapped air

0 LR Al

glass tube

e e
e —————

scale

pressure gauge
coloured oil

to pump

A fixed mass of air is trapped above some coloured oil inside a glass tube, closed at
the top.

A pump applies pressure to the oil and the air.

The trapped air is compressed and its pressure p is read from the pressure gauge.

A
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ANSWER >

4 a
Izl A scale, marked in 0.2 cm® intervals, is used to measure the volume ¥ of the air.
A student says that the reading for /' shown in Figure 12 is 35.4 cm’.
State:
e the error the student has made
e the correct reading, in cm?, of the volume.
[2 marks]
volume = cm’
Question 4 continues on the next page
L J
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El Figure 13 shows data obtained using the apparatus in Figure 12.

Figure 13

log()7/ em?)

flcacsnsfsSRISISUSSSIRENSSES
=11 -1.0 —-0.9 08 -0.7 —0.6
log(p / MPa)
Explain why the gradient of the graph in Figure 13 confirms that the air obeys Boyle’s
law.
[3 marks]
L J
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4 a
El The largest pressure that can be read from the pressure gauge is 3.4 x 10° Pa.
Determine, using Figure 13, the volume V' corresponding to this pressure.
[3 marks]
V= cm’
. State one property of the air that must not change during the experiment.
Go on to suggest how this can be achieved.
[2 marks]
END OF QUESTIONS
L J
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SUB-TOPIC 3.6.2.3

MOLECULAR KINETIC THEORY MODEL

Sub-topic 3.6.2.3 - 15 questions - 70 marks - lowest tariff first
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ANSWER >

’
|I|I| What is the total internal energy of 2.4 mol of an ideal gas which has a temperature of
15°C?
[1 mark]
A 60x107"] [=]
B 14x10%J (=]
C 45x10°J [=]
D 86x10°J (=]
T 1 - — 1 —
\L

INZ)
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ANSWER >

-
1[0 The average mass of an air molecule is 4.8 x 1072° kg
What is the mean square speed of an air molecule at 750 K?
A 33x10°m?s?
B 43x10°m?s?
C 65x10°m?s™
D 87x10°m?s™
\_

o] [of o] [o]

[1 mark]

INZ)
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ANSWER >

-
A transparent illuminated box contains small smoke particles and air.
The smoke particles are observed to move randomly when viewed through a microscope.
What is the cause of this observation of Brownian motion?
[1 mark]
A Smoke particles gaining kinetic energy by the absorption of light [ < |
Collisions between smoke particles and air molecules E
C Smoke particles moving in convection currents caused by the air EI
being heated by the light
D  The smoke particles moving randomly due to their temperature | < |
.

A
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ANSWER >

4 a
Brownian motion
[1 mark]
A makes it possible to see the motion of air molecules. El
B is caused by the collisions of smoke particles. El
C is caused by collisions between air molecules and smoke particles. E|
D occurs because air is a mixture of gases and the molecules have | = |
different masses.
L J
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Iz@ Which is not an assumption about gas particles in the kinetic theory model for a gas?
[1 mark]

A They collide elastically with the container walls.

B They have negligible size compared to the distance between the
container walls.

C They travel between the container walls in negligibly short times.

o] [of [ [of

D They collide with the container walls in negligibly short times.

INZ)
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An ideal gas is contained in a cubical box of side length a.
The gas has N molecules each of mass m.

What is the pressure exerted by the gas on the walls of the box?

mNa’ 5
X Crms
2

mNa*
2

X Crms2

mN 2
> X Crms
3a

mN 2
3 X Crms
3a

o D) D [o

[1 mark]

INZ)
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ANSWER >

|I|I| Which statement is true about an experiment where Brownian motion is demonstrated
using smoke particles in air?
[1 mark]

A The experiment makes it possible to see the motion of air molecules.

B The motion is caused by the collisions of smoke particles with each other.

C The motion is caused by collisions between air molecules and smoke
particles.

o] o) Lo o]

D The motion occurs because air is a mixture of gases and the molecules
have different masses.
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4 a
A gas occupies a volume V. lts particles have a root mean square speed (cims) of u.
The gas is compressed at constant temperature to a volume 0.5V
What is the root mean square speed of the gas particles after compression?
[1 mark]
A [=]
2
B u [=]
C 2u [=]
D 4u [=]
L J
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’
Three particles are travelling in the same plane with velocities as shown in the vector
diagram.
4ms-!
2ms! *
«—O
6ms-!
v
What is the root mean square speed of the particles?
[1 mark]
A 43ms’! [=]
B 7.5ms™ [=]
C 19ms™ [=]
D S6ms! [=]
L
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Iil State what is meant by the internal energy of an ideal gas.
[1 mark]

Figure 1 shows a single gas particle P of an ideal gas inside a hollow cube.

Figure 1

The cube has side length / and volume V.
P has mass m and is travelling at a velocity ¢ perpendicular to side W.

Izl Explain why P has a change in momentum of —2mc¢ during one collision with W.
[1 mark]

El P collides repeatedly with W.

Show that the frequency f of collisions is % .

[1 mark]

E Deduce an expression, in terms of m, ¢ and V, for the contribution of P to the
pressure exerted on W.
Refer to appropriate Newton’s laws of motion.
[2 marks]
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. |I| A number of assumptions are made when explaining the behaviour of a gas using
the molecular kinetic theory model.

State one assumption about the size of molecules.
[1 mark]

Figure 1 shows how the pressure changes with volume for a fixed mass of an
ideal gas.

At A the temperature of the gas is 27 °C. The gas then undergoes two changes,
one from A to B and then one from B to C.

Figure 1

~
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( )

. El Calculate the number of gas molecules trapped in the cylinder using information
from the initial situation at A.

[2 marks]

number of molecules =

. El Calculate, in K, the change in temperature of the gas during the compression that
occurs between A and B.
[2 marks]

change in temperature = K

. El Deduce whether the temperature of the gas changes during the compression from
Bto C.
[2 marks]

Question 1 continues on the next page
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from B to C on Figure 1.

7
. El Compare the work done on the gas during the change from A to B with that
[3 marks]
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-
IIl In the kinetic theory model, it is assumed that there are many identical particles
moving at random.
1
State two other assumptions made in deriving the equation pV = §Nm (Crms)?.
[2 marks]
1
2
El Explain why molecules of a gas exert a force on the walls of a container.
Refer to Newton’s laws of motion in your answer.
[3 marks]
El A sealed flask of volume 0.35 m? contains an ideal gas at a pressure of 220 kPa.
The mean kinetic energy of the gas molecules is 6.7 x 107! J.
Calculate the amount of gas in the container.
[3 marks]
amount of gas = mol
E Figure 2 shows the variation of pressure with volume for a fixed mass of an ideal gas
at constant absolute temperature 7.
Draw, on Figure 2, the graph for the same gas at temperature 27.
[2 marks]
Figure 2
g
£
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( )
Figure 4 and Figure 5 show apparatus used in an experiment to confirm the
distribution of atom speeds in a gas at a particular temperature.
Figure 4 Figure 5
- detector
oven
~drum
exit hole vacuum
The oven contains an ideal gas kept at a constant temperature. Atoms of the gas
emerge from the oven and some pass through the narrow slit S in a rapidly rotating
drum. The drum is in a vacuum.
Iil Explain why the drum must be in a vacuum.
[1 mark]
. .
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[0]3][2]

[0]3][3]

One atom leaves the oven, enters the drum through S and travels in a straight line
across the drum.

In the time taken for the atom to move from S to the detector AB, the drum rotates
through 45°. The atom hits the detector at point C, as shown in Figure 5.

drum diameter = distance from S to A =0.500 m
drum rotational speed = 120 revolutions per second

Show that the atom is moving at a speed of about 500 m s .
[2 marks]

The speed of the atom in Question 03.2 is equal to c¢ms, the root mean square speed
of the atoms of the gas in the oven.
The molar mass of the gas is 0.209 kg mol .

Calculate the temperature of the gas in the oven.
[3 marks]

temperature = K

Question 3 continues on the next page
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~ N
E The oven temperature is kept constant during the experiment but the pressure in the
oven decreases as atoms leave through the exit hole.
Explain, using the kinetic theory, why the pressure decreases.
[2 marks]
El The pressure of gas in the oven is initially 5.0 x 10* Pa.
The volume of the oven is 2.7 x 1072 m?.
During the experiment the pressure in the oven decreases to 4.5 x 10* Pa.
Calculate, in mol, the amount of gas that has emerged from the oven.
[1 mark]
amount of gas = mol
L J
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~ N
@ Atoms enter the drum every time S passes the exit hole. The detector darkens at the
point where an atom strikes it.
After a time, the detector is removed from the drum.
Figure 6 shows the appearance of the detector.
Figure 6
A new detector is placed in the drum and the experiment is repeated with a new
sample of the same gas at a higher temperature.
Describe and explain the appearance of this detector when the experiment is
repeated.
[2 marks]
\ S
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1
The derivation of the equation pV = EN m (crms)2 is based on several assumptions.

lIl One of these assumptions is that particle motion is random.

State what is meant by random particle motion.
[2 marks]

El State two other assumptions required for this derivation.
[2 marks]

Question 2 continues on the next page

El When the temperature of a fixed mass of an ideal gas increases at constant pressure,
the gas must expand.

Explain this expansion using the kinetic theory model.
[3 marks]

Btyfﬂ‘
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[0]2][4]

[0]2][5]

3
The average kinetic energy of the particles of an ideal gas is equal to EkT'

This is not true for a real gas.

Helium behaves as an ideal gas.
The temperature of a sample of helium gas is increased from 27 °C to 77 °C.

Calculate the change in the average kinetic energy of a helium atom in the sample.
[1 mark]

change in average kinetic energy = J

When an ideal gas is heated at constant volume, all of the energy supplied by heating
is used to increase the average kinetic energy of the particles.

When water vapour is heated at constant volume, its specific heat capacity
is 1400 J kg ' KL

Deduce whether water vapour behaves as an ideal gas when heated at
constant volume.

mass of a water molecule =3.0 x 102° kg
[3 marks]
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~ )
II\ State what is meant by the internal energy of a gas.
[2 marks]
@ Absolute zero of temperature can be interpreted in terms of the ideal gas laws or the
kinetic energy of particles in an ideal gas.
Describe these two interpretations of absolute zero of temperature.
[2 marks]
Question 2 continues on the next page
. .
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~
El A mixture of argon atoms and helium atoms is in a cylinder enclosed with a piston.
The mixture is at a temperature of 310 K.
Calculate the root mean square speed (cms) of the argon atoms in the mixture.
molar mass of argon =4.0 x 10 kg mol™’
[3 marks]
— -1
Crms = ms
E Compare the mean kinetic energy of the argon atoms and the helium atoms in the
mixture.
[1 mark]

@ Explain, in terms of the kinetic theory model, why a pressure is exerted by the gas on

the piston.
[3 marks]

@ The mixture of gases in the cylinder stays the same.

Explain, using the kinetic theory model, two changes that can be made independently

to reduce the pressure exerted by the gas.
[3 marks]
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4 A
n Different magnetic fields are present in the two chambers shown. A particle enters the first
chamber at a velocity of 80 m s and is deflected into a circular path of radius 200 mm
In the second chamber it follows a circular path of radius 100 mm
The particle leaves the second chamber at a speed of
[1 mark]
A 20mst [=]
B 40ms™ [=]
C 80ms™ [=]
D 160ms™ [=]
. J
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’
What is the angular speed of a satellite in a geostationary orbit around the Earth?
[1 mark]
A 12x10°rads” (=]
B 73x10°rads™ [=]
C 42x10°rads” E
D 2.6x10 "' rads™ E
.
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The orbital radius of F is greater than that of N.

Which is greater for F than for N?

A gravitational force on the satellite
B angular speed

C kinetic energy

D orbital period

o] [o] o] [o]

Iilil Satellites N and F have the same mass and are in circular orbits about the same planet.

[1 mark]
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-
EEI What is the angular speed of a satellite in a geostationary orbit around the Earth?
[1 mark]
A 12x107rads™ (=]
B 7.3x105rads”! (=]
C 44x103rads! [=]
D 2.6x10"rads™ [=]
\.
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E@ Which statement is not true for a satellite in a geostationary orbit?

A The satellite orbits in the plane of the Earth’s equator.
B The satellite has the same angular velocity as a point on the Earth’s surface.

C The satellite takes 24 hours to orbit the Earth.

p Signals from the satellite can be sent to any point on the Earth’s surface during
one orbit.

[1 mark]

[=]
[=]
[=]
[=]
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’
A circular coil with a radius of 0.10 m has 200 turns.
The coil rotates at 50 revolutions per second about an axis which is perpendicular to
a uniform magnetic field and in the plane of the coil.
The magnetic flux density of the field is 0.20 T.
What is the maximum emf induced in the coil?
[1 mark]
A 63V (=]
B 126V [=]
C 195V (=]
D 395V [=]
L
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’
An electron enters a uniform magnetic field at right angles to the field.
The flux density of the field is B.
The electron moves with a non-relativistic speed v in a circular path of radius r.
What is the number of circuits completed by the electron in one second?
[1 mark]
2nm
A <
5 =
27
B = [=]
v
v
c -
L [=]
Be
D
o L=
L

INZ)
134




ANSWER >

-
Elil A coil rotates at a constant angular speed in a uniform horizontal magnetic field.
The diagram shows the instant when the plane of the coil is horizontal.
\ % \ g uniform
\ . \ > magnetic field
coil \\
cross-sectional area of coil =20 x 107> m?
number of turns in coil =500 turns
magnetic flux density =50mT
frequency of rotation =50Hz
What is the mean induced emf, in V, as the coil rotates through = rad from the position
shown?
[1 mark]
A0 [=]
B 0.50 (=]
C 100 [=]
D 157 (=]
.
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[o[3].[1]

A cyclotron has two D-shaped regions where the magnetic flux density is constant.
The D-shaped regions are separated by a small gap.

An alternating electric field between the D-shaped regions accelerates charged
particles. The magnetic field causes the charged particles to follow a circular path.

Figure 4 shows the path followed by a proton that starts from O.

Figure 4

path of proton

magnetic field
into the page _

Explain why it is not possible for the magnetic field to alter the speed of a proton
while it is in one of the D-shaped regions.

[1 mark]
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4 )
. El Derive an expression to show that the time taken by a proton to travel round one
semi-circular path is independent of the radius of the path.
[3 marks]
. El The maximum radius of the path followed by the proton is 0.55 m and the
magnetic flux density of the uniform field is 0.44 T.
Ignore any relativistic effects.
Calculate the maximum speed of a proton when it leaves the cyclotron.
[2 marks]
maximum speed = ms
\ J
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A square coil of wire is rotating at a constant angular speed about a horizontal axis.
Figure 4 shows the coil at one instant when the normal to the plane of the coil is at
30° to a magnetic field.

Figure 4

Valy S

/ uniform magnetic field
»
J30°
horizontal axis of rotation s 3
square coil — side view
»

The area of the coil is 5.0 x 10 m* and the flux density of the uniform magnetic field
is2.5% 107 T.
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4 a
Iil The maximum flux linkage of the coil during its rotation is 1.5 x 10° Wb turns.
Calculate the number of turns in the coil.
[2 marks]
number of turns =
@ Calculate the flux linkage of the coil at the instant shown in Figure 4.
[1 mark]
flux linkage = Wb turns
Question 5 continues on the next page
L J
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4 )
E’ The coil forms part of an electrical generator. Figure 5 shows the emf generated by
the coil.
Figure 5
S aaiinoi
0 .50

e
W

time /s

Calculate the peak value of the emf generated.
[2 marks]

emf= Vv

E Sketch on Figure 6 the variation with time of flux linkage for the same time interval as
Figure 5.
[1 mark]

Figure 6
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- State Lenz’s law.

[1 mark]

- Lenz's law can be demonstrated using a bar magnet and a coil of wire connected to a
sensitive ammeter as shown in Figure 6.

Figure 6

The bar magnet is moved towards the coil and is then brought to a halt.

State how the reading on the ammeter changes during this process.
[1 mark]

- During the demonstration an induced current is detected by the ammeter. The
induced current is in the direction E to F.

Explain how this demonstrates Lenz’s law.

[2 marks]
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- Figure 7 shows an arrangement for investigating induced emf.

Figure 7

As shown, the uniform vertical magnetic field is confined to the gap between the poles
of the magnet. The plane of the square coil is horizontal and is made of conducting
wire. The coil consists of a single turn and is attached by flexible wire to an
oscilloscope.

The oscilloscope gives a reading of 2.9 x 10" V when the coil is moved at uniform

speed from position G outside the field to position H inside the field, as shown in
Figure 8.

Figure 8

Length of side of square coil = 32 mm
Magnetic flux density of uniform magnetic field =0.38 T

Calculate the time taken to move the coil from position G to position H.
[2 marks]

time = S

Question 4 continues on the next page
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4 a
- The square coil is rotated through 360° at a constant angular speed about the
horizontal axis shown in Figure 9.
Figure 9
Calculate the angular speed of the coil when the maximum reading on the
oscilloscope is 5.1 mV
[2 marks]
angular speed = rad s
L J
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A satellite S, is placed in a circular orbit around the Earth so that observations of
the far side of the Moon can be made continuously.

S, has the same angular speed as the Moon so that the centres of the Earth,
the Moon and S, are always in a straight line.

Figure 7 shows two positions of the Moon and S, as they orbit the Earth.

Figure 7

INZ)
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|I| The resultant force on S, is due to the gravitational forces from the Earth and
the Moon.
The magnitude of the Earth’s gravitational field strength at the orbital radius
of 8;is 1.98 x 10 N kg .
The magnitude of the Moon’s gravitational field strength at the orbital radius
of §; is gy

Show that g,, is approximately 1.2 x 107 N kg .

period of the Moon’s orbit = 27.3 days
orbital radius of S, = 4.489 x 10° km

[3 marks]
El Calculate the distance from §; to the centre of the Moon.
mass of the Moon = 7.35 x 102 kg
[2 marks]
distance = m

Question 5 continues on the next page
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E Another satellite S, is placed in a circular orbit between the Earth and the Moon.

S, always views the near side of the Moon.

S, also has the same angular speed as the Moon so that the centres of the Earth,
the Moon and S, are always in a straight line.

Figure 8 shows two positions of the Moon and S, as they orbit the Earth.

Figure 8

-

e ————
=

not to scale

Explain how the resultant force on S, due to the gravitational fields of the Earth
and the Moon causes S, to orbit with the same angular speed as the Moon.
No calculations are required.

[3 marks]
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4 )
The Global Positioning System (GPS) uses satellites to support navigation on Earth.
lil One GPS satellite is in a circular orbit at a height # above the surface of the Earth.

The Earth has mass M and radius R.
Show that the angular speed @ of the satellite is given by
GM
W= 3
(R+h)
[2 marks]
[0]2].[2] calculate the orbital period of the satellite when / equals 2.02 x 107 m.
[2 marks]
orbital period = S
\_ J
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( )
E Figure 3 shows the orbital plane of the satellite inclined at an angle to the equator.

X, Y and Z are locations on the Earth.
X is at the North Pole, Y is on a high mountain and Z is on the equator.

Figure 3

orbit of satellite

equator

The satellite is to be launched from one of the locations.

State and explain which launch site X, Y or Z minimises the amount of fuel required
to send the satellite into its orbit.
[2 marks]

Question 2 continues on the next page
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lzl The satellite has a mass of 1630 kg.

Calculate the gravitational potential energy of the satellite when in the orbit in
Question 02.2.
[2 marks]

gravitational potential energy = J

El A different satellite is in a higher circular orbit.

Explain how the linear speed of this satellite compares with the linear speed of the
satellite in Question 02.1.
[2 marks]
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IIl Carbon is used as the moderator in some thermal nuclear reactors.

Identify one other material commonly used as a moderator.
[1 mark]

Izl State two benefits of slowing down the neutrons released during fission.
[2 marks]

El The collision of a neutron with the nucleus of a moderator atom is modelled using two
gliders on a horizontal frictionless air track.

In Figures 13 and 14 the glider N of mass my represents the neutron and the
glider M of mass m,, represents the moderator nucleus.

Figure 13 shows glider N travelling with initial speed u towards the stationary

glider M.
Figure 13
M
N
before miy—» U ha
collision

frictionless air track

The gliders collide. N rebounds with speed v as shown in Figure 14.

Figure 14
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Figure 15 shows the variation of the ratio v with the ratio m—M.
u my

Figure 15
0.9
0.8 //ALA—
0.7 "/

0.5

0.4 /
0.3

02 /

0.1 I
0- ;
0 2 4 6 g8 10 12 14 16
my
2N

=)=

Show that when M. s 12, N loses about 30% of its initial kinetic energy
my

in the collision.
[2 marks]

Question 7 continues on the next page
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collisions with carbon-12 nuclei.
The final kinetic energy E; of the neutron is
Ef = Eoe_by

where E|, is the initial kinetic energy of the neutron and b =0.73

ideal gas with a temperature of 350 K.

One neutron has an initial kinetic energy of 1.0 MeV.

neutron.

Izl In a reactor, the speed of a fast-moving neutron is reduced by a series of y random

A thermal neutron has kinetic energy equivalent to that of the average particle of an

Calculate the minimum value of y required so that this neutron becomes a thermal

[3 marks]
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( )
El Explain, with reference to Figure 15, why elements with a small nucleon number are
preferred as moderator materials.
[2 marks]
END OF SECTION A
Section B
Each of Questions 08 to 32 is followed by four responses, A, B, C and D.
For each question select the best response.
Only one answer per question is allowed. \
For each question, completely fill in the circle alongside the appropriate answer.
CORRECT METHOD E‘ WRONG METHODS ‘ &® H @ H@ H dﬁ ‘
If you want to change your answer you must cross out your original answer as shown. JE
If you wish to return to an answer previously crossed out, ring the answer you now wish to select
as shown. @
You may do your working in the blank space around each question but this will not be marked.
Do not use additional sheets for this working.

A
153



ANSWER >

r
II| State what is meant by a transverse wave.
[2 marks]
Figure 2 shows apparatus that is used to investigate stationary waves on a
stretched wire.
Figure 2
wire
pulley
vibration generator
W
ae
variable-frequency
ac supply
A block of weight 7 is used to keep the wire under tension.
The frequency of the ac supply is varied until a stationary wave is produced on
the wire.
@ Explain how a stationary wave is produced on the wire.
[1 mark]
. .
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@ Figure 3 shows a small section of the wire at one instant.
Five points on the wire are labelled P, to Ps.

The dashed line represents the position of the wire when the ac supply is turned off.

Figure 3

Describe how the phase of the oscillating particles varies along the wire
between P, and Ps.

[2 marks]

Question 2 continues on the next page
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( )
E A student investigates stationary waves on a wire using the apparatus in Figure 2.
The investigation requires the student to produce the first five harmonics on the wire.
The student needs to choose one of two wires, A or B, for the investigation.
The mass of a 2.00 m length of wire Ais 1.32 g.
The mass of a 2.00 m length of wire B is 2.94 g.
The ac supply can produce signals in the range 1 Hz to 50 Hz.
The length of the wire that vibrates between the vibration generator and the pulley
is 1.50 m.
The student needs to choose one value for weight ¥ for the investigation.
W can be either 1.0 N or 5.0 N.
Determine, in kg m™!, the mass per unit length of each wire.
Go on to suggest which wire and which value of 7 the student should use to produce
the first five harmonics.

[5 marks]
mass per unit length of A = kgm™!
mass per unit length of B = kgm™

wire = W= N
g J
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Mass spectrometers are used to measure the masses of ions.

Figure 3 shows one part of a mass spectrometer.

Figure 3
uniform electric field of strength £
» 3 v small aperture
narrow beam of ‘ / lithium ions all
positive lithium ions - # with the same
A l speed
x x x

uniform magnetic field
of flux density [
Into the paper

A narrow beam consists of positive lithium ions travelling at different speeds.

The beam enters a region where there is an electric field and a magnetic field.

The directions of the uniform electric field of strength £ and the uniform magnetic field
of flux density B are shown on Figure 3.

Most ions are deflected from their original path.
Lithium ions that travel at one particular speed are not deflected, and pass through the
small aperture.

El The positive lithium ion A in Figure 3 moves at a speed v.

Draw two labelled arrows on Figure 3 to show the directions of the electric force FE
and the magnetic force F'm acting on A.
[1 mark]
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Izl Lithium ions travelling at 1.5 x 10°m s™! pass through the small aperture.

Calculate E.

B=0.12T
[2 marks]

Question 3 continues on the next page

El lons that pass through the small aperture enter a second uniform magnetic field of flux

density B.
lons of different mass are separated because they follow different paths as shown
in Figure 4.

Figure 4

INZ)
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( )

lons of mass m and charge ¢ travelling at speed v follow a circular path in the uniform
magnetic field.

Show that the radius r of the circular path is given by

[1 mark]

Izl The ions of different mass are deflected and strike the detector surface at different
distances from the small aperture as shown in Figure 4.

A singly-charged lithium ion (gLi+) passes through the small aperture.

Calculate the distance between the small aperture and the point where this ion strikes
the detector surface.

v=15%x10°ms"!
B=0.12T

mass of SLi* ion=1.0 x 102 kg
[2 marks]

distance = m

Question 3 continues on the next page
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EI Figure 5 shows a different type of mass spectrometer working with lithium ions.

Figure 5
oV 6000V
aperture P
/ detector

_ lithium ions }

\

lithium

sample
evacuated
vessel

N\ /s
electrodes

A stationary ZLiJr ion in the lithium sample is at the mid-point between the parallel
electrodes. The ZLi+ ion accelerates towards aperture P.

Determine the speed of the ion when it emerges through aperture P.

mass of JLi" ion = 1.2 x 102 kg

[3 marks]

speed = ms
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4 A

El gLi+ and ZLi* ions are produced in the sample simultaneously and travel a distance L
from aperture P to the detector.
For each type of ion, the time interval between production and detection is measured.
Discuss how the masses of the ions can be deduced from the measurement of these
time intervals.

[2 marks]
L
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A student investigates the interference of sound waves using two loudspeakers,
P and Q, connected to a signal generator (oscillator). Each loudspeaker acts as a
point source of sound.
Figure 3 shows the arrangement.

Figure 3

signal . .
generator e |
Q

| plan view
not to scale

Point O is the midpoint between P and Q.

II’ Explain why the two loudspeakers are coherent sources of sound waves.

[2 marks]
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( )
@ The student faces the two loudspeakers at point A. Point A is at equal distances from
P and Q.
He then moves to point B, at right angles to the line OA, still facing the two
loudspeakers.
As his head moves from A to B the amplitude of the sound wave he hears decreases
and then increases. The amplitude starts to decrease again as he moves beyond B.
Explain why the variation in amplitude occurs as he moves from A to B.
[3 marks]
Question 3 continues on the next page
. .
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4 )
@ The student records the following data:
separation of the two loudspeakers =0.30 m
distance OA =225m
distance from Ato B =095m
Show that the path difference for the sound waves from the two loudspeakers to
point B is about 0.1 m.
[3 marks]
E The frequency of the sound wave is 2960 Hz.
Calculate the speed of sound from the student’s data.
[1 mark]
speed of sound = ms!
\_ J
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4 )
E The student moves his head to point C as shown in Figure 4. The emitted frequency
of the sound from the loudspeakers is then gradually decreased.
Figure 4
Be
|
|
|
1
|
|
|
|
|
i
y = el o LTA
‘signal a : }
generator e— i !
: Q
i
i plan view
not to scale
Discuss the effect that this decrease in frequency has on the amplitude of the sound
wave heard by the student.
[3 marks]
L J
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( )
lons orbit Jupiter in a ring called a plasma torus as shown in Figure 6.
This question is about applying gravitational, magnetic and electric fields to a particle
in the plasma.
Figure 6
plasma torus
o=

' 4
|
| N

An ion travels in a circular path at a speed of 74.2 km s™! and at a distance of
4.22 x 10® m from the centre of Jupiter.

|I| Student A suggests that the gravitational force acting on the ion due to Jupiter
provides the centripetal acceleration of the ion.

Deduce whether this suggestion is correct.

mass of Jupiter = 1.90 x 10*” kg
[3 marks]

Question 6 continues on the next page
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Student B suggests that the magnetic field of Jupiter alone can cause the ion to move
in the circular path.

Figure 7 shows the direction of the velocity v of the ion in the plasma torus.
v is tangential to the plasma torus.

Figure 7

plasma torus Pa——

\gf o

((' [V

A =f;9)),
%—: __f}é‘;

The ion has a positive charge.
Student B’s suggestion requires a magnetic field to act at the position of the ion.

El Draw an arrow on Figure 7 to show the direction of this magnetic field.

[1 mark]

A
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ANSWER >

The ion has a charge of +3.20 x 107" C and a mass of 5.31 x 102¢ kg.

El The ion moves with a speed of 74.2 km s! in a circle of radius 4.22 x 10® m.
Calculate the magnitude of the magnetic flux density required for this motion

State, in fundamental (base) units, the unit for your answer.
Ignore any contribution from the gravitational field.

magnetic flux density = unit =

[3 marks]

El An electric field of strength 371 uV m™! can also accelerate the ion.

Calculate the acceleration of the ion due to this electric field.

acceleration =

[3 marks]

Question 6 continues on the next page
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ANSWER >

@ The plasma torus contains two ions X and Y as shown in Figure 8.
X has a charge of +2e.
Y has a charge of +1e.
Assume that each ion acts as a point charge.

Figure 8

2.0cm

2.0cm

due to the two ions.

resultant electric field strength =

Calculate the magnitude of the resultant electric field strength at point P in Figure 8

[3 marks]

END OF SECTION A

INZ)
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ANSWER >

Section B
Each of Questions 07 to 31 is followed by four responses, A, B, C and D.

For each question select the best response.

Only one answer per question is allowed. \
For each question, completely fill in the circle alongside the appropriate answer.

CORRECT METHOD E WRONG METHODS ‘ & H @ Hé H @5 ‘

If you want to change your answer you must cross out your original answer as shown. IE

If you wish to return to an answer previously crossed out, ring the answer you now wish to select

as shown. @

You may do your working in the blank space around each question but this will not be marked.
Do not use additional sheets for this working.

Btyfﬂ‘
170



ANSWER >

( )
Figure 5 shows apparatus to investigate how the resistance R of a lamp filament
varies with the absolute temperature T of the filament.
Figure 5
ohm-meter

filament

thermometer

The lamp is inside an oven.

The oven temperature is increased to a steady value.
The filament is at the same temperature as the inside of the oven.

The temperature T in kelvin is determined using the thermometer.
An ohm-meter is connected to the filament to determine R at temperature 7.

The oven temperature is increased to new steady values and further readings of T
and R are recorded.

Question 3 continues on the next page
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ANSWER >

Figure 6 shows the variation of R with 7.

Figure 6

R/IQ

It can be shown that:

ﬂza(]“_]s)

RO
where:

R, is the resistance of the filament at temperature T},
a is a constant.

INZ)
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ANSWER >

4 A
m Determine o using the graph in Figure 6.
State an appropriate Sl unit for your answer.
R,=2.83 Qwhen7,=291K
[3 marks]

o= unit =

Question 3 continues on the next page
L J
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ANSWER >

In a different investigation, a student investigates how the electrical power P
transferred in the same filament lamp varies for values of T greater than 800 K.

The student assumes that « is constant for all values of T.

Figure 7 shows the circuit that the student uses.

The temperature of the filament is controlled by the energy supplied to it from
the battery.

Figure 7

—{F--{—

3

© & éa'

Iz| Explain how the ammeter and voltmeter readings are used to determine values

of Pand T.
[2 marks]

P

Question 3 continues on the next page /

For a steady value of 7, P=P,+ P,

where:
P, is the rate of heat transfer from the filament by radiation

P, is the rate of heat transfer from the filament by all other processes.

In Figure 8:
o the solid line shows how P varies with T’
¢ the dashed line shows how P, varies with 7.

Figure 8




ANSWER >

- a
El Complete Table 2.
[3 marks]
Table 2

T/K P/W P, /W P,/ W

960 3.7 1.2 2.5

1100 2.0 3.0

1370

1680 16.2 11.0

Question 3 continues on the next page

\ J
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ANSWER >

176

-
E It can be shown that P, oc T" where n is an integer.
Determine n.
In your answer you should:
e use Table 3 to organise the data you will plot
¢ plot a suitable graph on Figure 9.
[5 marks]
Table 3
T/K P, /W
960 1.2
1100 2.0
1370
1680 11.0
n =
Figure 9
\_
INZ)




MARK SCHEMES

official mark schemes
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< QUESTION

D

N
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< QUESTION

| 10 | BaoD | 27x10%rad s |

N
179



A ® \
rg

N
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< QUESTION

‘ 28 | A ‘ from P to O | AO1 |

| - I | ) I . I

N
181



< QUESTION

05.1 Forglets to add 1 giving radius 2.71 and speed 3.27
ms-

17

N
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< QUESTION

05.2

Centripetal force = 85 x 4.49%3.71= 460N v
Centripetal force = T sin 28.5v

T=0950-970 Nv

OR

Weight = 85 x 9.8(1) Or 834 N seenv

Weight =T cos 28.5 v/

T =950 (949) (N) v/

OR

Centripetal force = 85 x 4.5%/3.71 = 464 Nv
Weight = 834 Nv/

T =V4642 + 8342 = 950 - 970 Nv'

Allow ecf for incorrect weight or centripetal force

470 N if using 4.5 m s *leads to 1000 N

Allow the following as ecf:

forgetting to add the 1 m (‘using r = 2.71 m) leads
to centripetal force = 630 N T = 1300 N)

Using r =3.39 m as ecf from 5.1 which leads to
Centripetal force = 510 N giving T = 1070 N

Allow the following as ecf:

forgetting to add the 1 m (using r = 2.71 m) leads to
centripetal force = 630 N, T =1050 N

using r =3.39 m leads to

Centripetal force = 510 N giving T = 980N

18
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< QUESTION

Vertical (compressive) force on the pole increasesv’ Max 3
. . S 1
Increases mass increases weight and hence tension in the rope(for
the same angle) v’
1
Centripetal Force
on the acrobats/masses would be different/not equal 1
Or
would be greater on the more massive acrobat(travelling at the same
05.3 -
speed/same angle to vertical) v’
Unbalanced (horizontal) forces/resultant force exists (on the pole) v/
or
Unbalanced moments acting (on pole)/resultant torque acting (on
pole)v’
Causing the pole to sway/bend/move/ or tilt/topple the platform_toward
more massive acrobatv’
Total 8

19
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< QUESTION

06. (Total) kinetic energy v/ 1
Attempt to apply conservation of momentum v NB This is a ‘show that’ so all stages must be seen 1
Miist cpe alihatitiitinn 1

N
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< QUESTION

07.1 E=Lm? ANDF="V_ v In MP1 do not condone use of » for R unless 2 AO2
2 R explicitly equated. E.g.r =R
Combines two equations correctly v/ Do not allow use of r for R in MP2.
In MP2 allow r becoming R without
explanation.
(To give R=2Ex P
4 Eg for MP2: F = m2E, (need to see m or )
mR
OR mv’=FR=2E,
Question Answers Additional comments/Guidance Mark AO
07.2 y=587 (ms ") v Calculator value: 58.73670062 1 AO2
Accept 59
Do not accept rounding error.

INZ
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< QUESTION

Question Answers Additional comments/Guidance Mark AO

07.3 Idea that the radius of the path of the car can be increased | eg Start at the outside of the track and drive 1 AQO3
to the inside of the curve
OR . ,
Condone ‘reduce mass of car

Idea that friction between tyres and track can be increased | Treat banking answer as neutral.
v

Question Answers Additional comments/Guidance Mark AO

07.4 W must be straight and vertically downwards 2 1 x AO1
with a line of action that passess 1 x AO2
approximately through the centre of mass

Normal reaction forces with lines of action
through tyres at right angles to slope

Condone any symbols for W, N, and N,

Award max 1 if centripetal force appears.

Treat components as neutral

wWv
N,and N, v

22
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< QUESTION

Question Answers Additional comments/Guidance Mark AO

07.5 (with the slope) there is a (horizontal) component of the 2 AO3
normal reaction force that increases the (maximum)
centripetal force v/

Idea that v can be greater (for same R) when centripetal
force greater v/

Total 8

23

Question Answers I Additional comments/Guidance Mark I AO I

I I 1 I I I I
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< QUESTION

04.1 Centripetal force acts inwards / towards the centre of 2 AO2
rotation v’
Links reaction force to centripetal force v/
Question Answers Additional comments/Guidelines Mark AO
04.2 Equates forces AND states either centripetal force with E.g. ) 2 AO2
correct symbolsv’ F=mpro )
F=mg(—r)o L2 Maths
. Y In MP1 condone: equations containing v; use 2
cancelling o of w, and wg for the angular velocities.
mare® = mg(L — r)e>
r= mgL In MP2 it must be clear that the angular
mp + mg velocity and not the velocity.
Question Answers Additional comments/Guidelines Mark AO
04.3 The angular speed is the same for A & B or Alternative for MP2: 2 AO3
Rotational radius for B less than that for A v/ Both of points in MP1 AND
Both of these points AND v =rw so velocity of A is A travels greater distance in the same time.
greater.v’

YA
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
. Alternative for MP1: they can work through
. v . A
04.4 Use of safety factor e.g. maximum stress << 0.300 GPa for a stress of 0.3 GPa and then increase the 5 03
o ma—132 % 105 x3.9¢ (=4.9 % 10° N diameter, if justified as a safety factor. Do not L2 Maths
—ma=t T =4 ) allow use of stress =0.3 GPa for full marks. 2
Foo o
A=~ valid substitution v Allow ecf for stress and force
44
d =\/; v’ (expect > 0.144 m)
Valid justification for selection of maximum stress used e.g.
using a stress that is from the linear / elastic section of the
graph or reference to either safety factor or trying to limit
weight of cable. v/
Total 11
14
Question Answers Additional comments/Guidelines Mark ‘ AO ‘
YA
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< QUESTION

D

N
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< QUESTION

D

N
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< QUESTION

D

N
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< QUESTION

A

N
194



< QUESTION

D

N
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< QUESTION

D

N
196



< QUESTION

C

N
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< QUESTION

A

N
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< QUESTION

|24 | B |

N
199



< QUESTION

L s | B |

17

N
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< QUESTION

30 B 2T T

N
201



< QUESTION

‘ ZIL 1A ‘

’ 31 ‘ D =

20

N
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< QUESTION

| 31 | C (AO2) | 54 mm st |

23

N
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< QUESTION

‘ 31 ‘ B | the kinetic energy of the mass |

28
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< QUESTION

‘ 30 ‘ B ‘ 0.57ms" ‘ AO1 ‘
] T ]

N
205



< QUESTION

‘32|c| T T2 |A02|

25

N
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< QUESTION

‘ 25 ‘ B ‘ | maximum ‘ minimum | | AO1 ‘

N
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< QUESTION

‘ 31 ‘ A ‘ 190 g |A02‘

N
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< QUESTION

‘ 32 ‘ B ‘ 1.1 Hz |A02‘

N
209



< QUESTION

06.1 1.5 (mS) v 1
A = 4.2 (mm) read from graph v/ Condone power of ten error in A and/or T but not in
final answer.
= v
T =2.0 (ms) read from graph Evidence for T might be seen in equation, as 500
06.2 B s . 3
(Bmax = 4.2 107 x (2 x /(2 x 107)) Only allowed ecf for max 2 is use of 4.1 mm for A,
4.1(5) x 10* (m s v (Do not allow 4.2) giving 4.0 x 10* (m s79)
longitudinal Both required for 1 mark
06.3 (they) oscillate along direction of energy transfer v Condone “wbrat,e" for oscillate. 1
Condone ‘travel’ for transfer
Total 5

20
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< QUESTION

Question Answers Additional Comments/Guidelines Mark
Mention of increase in lost volts/ pd across internal resistance (in Accept reverse arguments
cell)v
(because) Do not accept terminal pd has decreased
current has increased Treat comments about resistance of lamp as
Qk'f‘ﬂ
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< QUESTION

. X
031 Evidence of w = 2—nOR 0.05 m seen Expect to see: 4 2% A0t
g I ::l..”;H.: I 2 x AO2
OR it I B
e T
1Y PSR T
A= V “\.-acceleration{—
their @ NG/ ms 2o
N
. O U IO T
Use of a = —w?x OR 3.0 m s seen »v 0 O .OTWisplacement.—‘.o_os
N !
T :::"\.., W
= (B "\.‘ e
Straight line through origin with negative gradient featuring Il I = \\
all four quadrants 3v/ R A O B
Single straight line ends at (0.05,-3.0) Condone axes either way round
OR Award 4 for correct graph with correct values
: : . v
Single straight line ends at (0.05, 3.0) 4 Evidence for v and »v' can be seen on the
graph.
In 3v" (0,0) must be in centre of line.
4v'there is no ecf from 1v" or »v'.
12
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< QUESTION

Question Answers Additional comments/Guidance Mark AO
03.2 their max displacement _ Accept on either quadrant 1 AO1
P at \/E (judge by eye)
Expect to see 3.54 x 102 m AND 2.1 m s2

Total 5

13

Question Answers ‘ Additional comments/Guidance Mark | AO ‘
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< QUESTION

06.1 Equates resultant force to ma In MP1: 2 AO1x 1
and shows a proportional to y, as Apmg are all constantv’ Condone upthrust/buoyancy force for AO2x 1
resultant force
F=ma=—-Apyg
__Apyg
m
Condone missing minus signs in MP1.
Minus sign included and explained: In MP2:
(restoring) force/acceleration directed to centre of Minus because force/acceleration is in
oscillation v/ o
opposite direction to y OWTTE
(hence SHM) PP Y
Question Answers Additional comments/Guidelines Mark AO
06.2 (T=21/w) s0 @ =\/§\/ (=10.74 rads™) Alternative for MP1: 2 AO1 x 1
l calculates time (0.58(5) s) AND then uses @ AO2 x1
from this time
(Clmax = wzymax = % X Ymax = (981—0085) x 0.005 )
0.58 (ms2) v' from some correct working MP2 for correct calculation of acceleration.

YA
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
06.3 Idea that (at resonance) frequency of forced vibrations Accept fully labelled graph of amplitude vs 2 AO1 x 2
equals natural/resonant frequency v/ driving frequency with resonance frequency

clearly labelledv" and an amplitude peak. »v'
Condone ‘wave frequency’ for ‘driving
Idea that amplitude (of vibrations/oscillations) is at a frequency’

maximum v’
Ignore references to phase

24
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MARK SCHEME - 7408/1 - June 2023 - Q6

Question

Answers

3.6.1.2 Simple Harmonic Motion and Systems

Additional comments/Guidelines

Mark

AO

06.4

stopped: wave frequency (= %)= 0.12 Hz v

moving: when ship continues at 8 m s™!, forcing frequency
will be further from resonant frequency 2v'

Moving option is better with reason,

eg for stopped option wave/forcing frequency very close to
natural frequency, (so amplitude of oscillations will be high)

OR

for moving option resonance does not occur 3v'

1v'is for calculation of (driving) frequency
when stopped. Condone reference to
‘frequency of waves'.

If no reference to ship being stopped,
evidence can come from the substitution.
Reject simple “0.12 (Hz)”

>v' is for a relevant comment about the
moving situation

OR

calculation of forcing frequency with the ship
moving (giving 0.05 Hz)

For »v" accept incorrect calculation from
adding speeds provided comment that this
frequency is further from resonant frequency.

3 is for statement of why moving is the
better option

Allow answer for 3v" that mentions that
damping will be highly likely, so amplitudes
may not reach high enough values to prevent
operation

AO3x 3

Total

< QUESTION

216
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< QUESTION

Question Key Answer
07 A 10pums™'  100s
08 B 4ms!
09 B 8 7
10 D They decay into electrons.
11 B down quark  upquark p~
12 C 2.8x10°ms™!
13 A decreasing the kinetic energy of the electrons
14 C 1.2 0.17
15 B They have a constant phase relationship.
16 A 0.22s 0.661
17 C decreases increases
18 C 45 m
19 D force mass X displacement
20 C displacement and momentum
21 B A current in it causes no heating effect.
22 B B

26
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< QUESTION

mg
23 A X
24 C The acceleration is unchanged.
25 C 7.50 ms!
|
|
o \i
26 D |
|
0 "
d
J K
*o— o0
27 D
O———=0O
28 A 19
27
Q%’f‘ﬂ
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< QUESTION

29 B 36
V2
30 D —
rg
31 B the kinetic energy of the mass

28
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< QUESTION

05.1 Alternative for MP1: Accept distance+speed 2 2 xAO1

Use of time = angle + angular speed v
9 g P when circumference has been calculated.

Toget3.5(s) ¥ Accept answers that round to 3.49

17
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
05.2 Arrow towards centre of turntable . v/ 1 AO1

Question Answers Additional comments/Guidelines Mark AO
05.3 Shown by substitution. 2 2 x AO2

_ 2
Use of F = mrw Condone use of diameter or radius halved in

OR MP1.
determination of centripetal acceleration and then F=ma v* | Accept negative answer.
To give 0.097 N v Calculator value: 0.0972
18
Ql'/‘@
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
05.4 States block is (constantly) changing direction v/ 2 2xA01
Uses appropriate Newton law of motion to link evidence (to | Reference can be to the name of the law or to
show that a force acts) v a description of what the law says.
Condone lack of “resultant force” in N1 and
N2.
Use of “changing velocity” without reference
Alternative 1 to direction is not enough for MP1.
Block constantly changing direction (at constant speed) v/
Uses N1 to show that a force must apply v
Alternative 2
Changing direction shows (centripetal) acceleration v/
Uses N2 to show that a force must apply v/
Question Answers Additional comments/Guidelines Mark AO
05.5 Allow 2+ sf 2 2xA01

Use of pendulum equation by substitution
or manipulation v/

To give 1.55m v/

Allow answer that rounds to 1.55

Use of g = 10 N kg™ gives 1.58 — do not allow
for MP2

YA
222
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
05.6 2 2 x AO3
Must see a comparison for MP1
Amplitude — the pendulum shadow amplitude becomes
less than the block shadow amplitude v/
. . Condone:
Phase — time period decreases/changes OR frequency ] _ ) o
increases/changes (as pendulum amplitude gets less) ﬂ:‘e t"f"e p‘;”Odﬁ/ ;requenme_s rgmarlln identical
therefore phase changes v therefore the shadows remain in phase
Total 11
Question Answers Additional comments/Guidelines Mark AO
[ [ Ae annla nf rafrantinn Araatar than annla ~f inrcidanca with I I [ |
Q%'/‘@
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< QUESTION

04.1 working to determine for 1v" n must be an integer 2 AO3
EITHER AND
24.73-9.26 x must be 2 dp;
n 15.47
where n is their number of turns between P and Q allow n
OR
x-9.26
13
where x is their vernier reading from Figure 11 1v/
t=1.19 (mm) ,v for v must see some correct working;
accept >3 sf that rounds to 1.19

21
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< QUESTION

Question Answers Additional comments/Guidance Mark AO
04.2 MAX 1v'2v" from 3 AO3
o diameter = 18(.0) + (2 x) their ¢ from 04.1 AV for av" accept = 1.2 (mm)
e circumference = & x their diameter gv' for gv" allow (18 +7) OR (18 + 27) for their
diameter;

e length = their circumference x their n from 04.1 ¢v'
condone (18 + %) OR 18

the award of 3v' is contingent on the award of

A\/ B\/ and C\/
correctly calculates L using their n x T X (18 + their 7) for 3v" L must be given to 3 sf ie a whole
OR number of millimetres

using their n X T x (18 + (2 x their 1)) 3v
condone the award of 1v'2v'3v' if working is
missing but recognisable values of n and ¢
are seen

22
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< QUESTION

Question Answers Additional comments/Guidance Mark AO

04.3 identifies B 1v' for 1v" must reject A and D; 2 AO1

allow C only if an additional mark added to
the tube at this height when the tube is at
the equilibrium position OWTTE

where (the top of the test tube) is moving fastest / has 2’ is contingent on 1v/

maximum kinetic energy / where the transit time is least 2v' for 2v' comments about the equilibrium

position / equilibrium point / centre of
oscillation / rest position are neutral;

the idea that ‘the (top of the) test tube will
always pass point’ is neutral;

explaining why A, C and D are not suitable is
neutral

23
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< QUESTION

milk
OR
evaluates 72 OR T/p (for oil) 1v

2
0.587 j =1.03x10° (kg m=3)2v’

density of liquid =| 849 x
yora ( 0.534%

T2
without full substitution, eg Ok = Lol T;ﬂ
milk
OR
0.587% x 849 seen /293 seen
OR

0.587 x /849 seen / 17.1 seen

for 2v* 3 sf only but condone 4 sf answer in
the range 1025 to 1030 only

Question Answers Additional comments/Guidance Mark AO
04.4 award 1v" and 2v’ independently 2 1 x AO1
derives an expression that can be used to determine p for for 1v" accept a valid expression, any subject, 1 x AO2

24
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MARK SCHEME - 7408/3 Section A - June 2025 - Q4

3.6.1.2 Simple Harmonic Motion and Systems

< QUESTION

228

Question Answers Additional comments/Guidance Mark AO
04.5 MAX '3 from 1v" (idea of) increasing the 2 (idea of) increasing the 3 AO3
a valid modification 1v/ depth of the all, (initial) displacement /
a rationale for the modification 2v' eg add (more) oil to the beaker ?unt:glltude I'height of the test
an additional valid modification 3v' do not accept ‘use a narrower OR
a rationale for the second modification 4v beaker' as this increases drag . . -
increasing the (initial) energy
of the system
allow ‘to produce larger /
bigger oscillations’
3 (idea of) increasing the 4¥ (idea of) reducing the
distance between the test tube | drag/ (fluid) resistance / (fluid)
and the beaker walls, friction / velocity gradient;
eg use a wider / larger diameter | condone (idea of) ‘reducing
beaker AND add oil to (at least) | the damping)
the original depth (to maintain
the initial amplitude)
for 1v ‘use a taller / deeper / larger beaker’ is neutral;
for ov” (idea of) ‘obtain greater oscillations’ is neutral;
for 3v'treat as neutral any changes to the test tube, wire or oil;
condone ‘water’ / ‘liquid’ for oil
for 4v" ‘reduce the effect of damping’ is neutral
Total 12
25



< QUESTION

01.1 annotates Figure 1 to identify equilibrium position; for 1v" condone a poorly-annotated sketch if 2 AO1-1b

some (or all) of the mark should be below the bob intention is clarified in 2v"; do not allow talkout
or do not insist on seeing the outline of the card as
long as the vertical line is seen;

i v
(bottom of mark) should be level with bottom of bob 1 condone arrows 1 ¢ etc: blobs @4 are neutral
allow vertical line of the mark to be aligned with
either edge of the bob in the left-hand view or
marked directly below point of suspension (within
one-quarter of bob radius) in the right-hand view,

€g

this is where (the pendulum / bob) is moving fastest /
(pendulum has) maximum kinetic energy

or
this is where the transit time is least 2v’ T T
"\

Vl
o o\
1

o

¢ o

if marks are shown on each view of the
pendulum, then each separately must satisfy the
criteria for 1v’

2¥'is contingent on award of 1v/

for 2v"’comments about why the mark is not
aligned with bob in right-hand view are neutral

(at equilibrium) ‘acceleration is zero’ is neutral

YA
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO

01.2 use of appropriate horizontal scale or wtte 1v' any of 1v'2v'or sv'can be earned by suitable MAX 2 A03.2b
annotation to Figure 2

. . . v ' ’ :
use of set-square with edge made vertical or other suitable for 1v/ruler or ‘mm scale’ only;

equipment to eliminate parallax error in Ar 2v/ ‘measuring with a ruler between points marked
on the floor’ is acceptable (see A below) or use
of a ‘ruler placed on floor’ (see B)

point on
fI?

point A B
on floor

measures Ar from (either) edge of displaced bob 3v'

ruler

for 2v'allow use of plumb line, spirit level, video
or photographic equipment; reject clamp stand

any use of the fiducial mark or the idea that the
supporting beam is horizontal are neutral

withhold sv'unless candidates explains that
allowance is being made for radius / diameter of
bob (see C and D below)

YA
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< QUESTION

average As > 3 sf (that rounds to) 0.221 (s) 1v'

correct uncertainty calculation or 0.004(0) (s) seen 2v’
or

does not reject 0.247;

average As = (rounds to) 0.226 (s);

correct uncertainty calculation or 0.015 (s) seen 12v/

their half range

. x100 > 2 sf 3v
their average

correct % uncertainty from

1v" (0.247 rejected) full answer 0.2214 (s)

2v' from half range; can be inferred from
working

3v' if 2v'vVfull answer 1.81 %:; allow 1.8 % or 1
sf2 %

when 0.247 is not rejected
12v'full answer 0.2257 (S)

3v full answer 6.647 %; allow 6.64 / 6.65 %
or2sf6.6/6.7%

for sv allow ECF only if uncertainty is from half
range

Question Answers Additional comments/Guidelines Mark AO
01.3 extrapolation of curve to (at least) x = 0.70 m 1v for 1v'extrapolation must be continuous and AO3.1a
smooth; allow (ruled) straight line; AO2.1h
. , reject hairy, thick or dashed lines
consistently-recorded min 3 dp values for To3zsand To.70 2v J y
for 2v'allow values seen in working;
. . . . To.ssmust round to 2.322; condone To.70 by eye
evidence of valid calculation (check denominator correct); os5Mu ! 0.70DY €Y
. . don’t insist on horizontal or vertical lines
percentage increase in range 1.4(0) % to 1.8(0) % sv’ between curve and vertical axis on Figure 3
for sv’expected answer is 1.51%
01.4 rejects anomalous 0.247; 0.221 and 1.8 % on answer lines earn 123v'v'v’ 3 AO2.1h

Qﬁ}*@:
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
01.5 IN(As/ m) =-1.492 v CAO 3 dp only 1 AO1.1b
01.6 vertical scale with one major (cm) grid square = 0.02 or withhold both marks for false plot 2 AO2.1h

0.025;

for 1v'scale might go (down page) from —1.40

maximum spacing of values marked on the scale =5 cm1v | to =1.72 (1 square = 0.02) or from —1.30 to
—-1.70 (1 square = 0.025);

scale must cover range of plotted points;

points plotted for n =2, 4, 7, 10 and 13; do not insist on use of broken scale

suitable continuous ruled line of negative gradient from convention

n=2to(atleast)n=13; no credit for reversed values leading to graph
line must pass above n =4 and n = 10 points with ‘positive’ gradient;

and must pass below n = 7 point 2v/ no credit for missing / inconsistent minus signs

or for inconsistent dp in labelled values

for 2v'allow ECF acceptable line based on
accurate plot of incorrect n = 4 point

allow ECF for graph with ‘positive’ gradient
due to reversed scale, eg line must pass
below n =4 and n = 10 points and must pass
above n =7 point

accept only 4 points if n = 4 is not tabulated;
line must pass between n=7 and n =10

ignore any plot of In(As / m) based on 01.4
data;

withhold mark for poor points eg blobs or for
thick / faint / non-continuous line

@*@'
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< QUESTION

-1.35

-1.40

-1.45 ]

-1.50

In(A,/ m) -155 ¢

-1.60 ™

-1.65

-1.70 C

-1.75

10

N
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO

01.7 (any) correct expression with In A, as subject 1v/ for 1v'y = mx + ¢ idea is required 2 AO3.2a
either INAn=-nInod+InAg (y=mx+c¢)
S =e9aden or wite v’ or INAr=InAo—nin g (y=c+mx)

not NA=InAg—Ins"

treat ‘Ilg A’ as a slip

allow use of ‘log A’ for 1v" but no ECF in 2v’

for 2v/

omust be the subject, reject In 6 =— gradient
etc

allow ECF if 1v'is withheld for missing — sign;

if gradient is evaluated accept & = e(*)0024

or 6 =1.02(4) etc

an explanation that 6 can be found using

An = Ao 6 " must rely on values of A, Agand n
that are determined using the line in Figure 4

Total 15

11

Question Answers | Additional comments/Guidelines Mark AO

YA
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< QUESTION

D

N
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< QUESTION

B

N
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< QUESTION

A

N
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< QUESTION

7 | A | 0.10 kg s ™. |

N
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< QUESTION

‘ 8 ‘ C ‘ 60 kg ‘

N
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< QUESTION

- . _ _ v 1 humerical errors are ignorea ror mis mark.
011 Combining and making use of Q = Ptand Q = mcAd Provided the temperature difference is correct 2 2xAC2

equations without the need to make t the subject. v'1 then subsequent changes that involve 273 °C
t=27(s) V2 can be ignored.
Vo t=(1.2x450)

(125-20) 3.6.2.1

2100

No ecf for the second mark but correct answer
gains both marks

Condone use of Cyater fOr Crmetal.

N2
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO

The award of MP3 is dependent on the award of

01.2 (The power supplied in time t raises the temperature of m 3 2 x AO3
K . MP1 OR MP2. 1% AOL
g of water and converts it to steam) Evidence for MP1 can be seen in MP2 via the
Use of appropriate equation. v'; correct answers in the exemplars below. 3621
Correct evaluation of Am or P. No ecf. v, Condone error in time / temperature change /
POT for MP1.

Use of m from the metal is not condoned

mc,,A6+ml

V1 Pt=mc,A0 + ml OR P =

v, Several methods can be followed including
in 1 minute 2100 x 60

= Am x 4200 x (100 — 20) + Am x 2.3 x 10°
Am = 0.048 kg min

OR

in one second 2100

= Am x 4200 x (100 — 20) + Am x 2.3 x 108

— —1
Deduction that claim is false (consistent with their value) (A)rlg =0.00080kg s

supported by their calculated quantity

P=
OR
Deduction that their calculated quantity is greater / smaller | _ 0.060 x 4200 x (100 —20) + 0.060 x 2.3 x 10°
than required v's B 60

P =2.6(4) x 10 W

OR

Comparing the energy supplied in time eg in a
minute (126000 J) with energy needed (138000 +
20160 = 158000 J)

OR

Bﬁ}*@:
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< QUESTION

e

o o
=753s:

v'3 So claim is not true.

0.048 kg min-! is smaller than 60 g min-!

OR

0.00080 kg s = 48 g min-! is smaller than 60 g
min-t

OR

2.6 x 10® W is greater (than 2.1 kKW / power
available)

OR

time to generate 60 g of steam is too long.

(The most common ecf will be to leave out the
raising of the water temperature before changing
the water to steam giving calculated values of Am
=0.055 kg min™%, or

Am =0.00091 kgs™ or P =2.3 x 10 W)

Total 5

INZ)
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< QUESTION

|Question| Answers | Additional comments/Guidelines | Mark ‘ AO |

N
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< QUESTION

YUY Stdte Ui v iviuow State (If energy 1o cnange IS given inen

01.1 required or needed is implied) 2 ACL
Without a change of temperature or at the freezing/melting 4
temperature/point v 2n mark stands alone.
(Dividing both sides of the equation AQ = m ¢ A@by At gives Working must be seen as there is a self-
AQ/At =m c AGAt or cancelling error with two 1000 factors.
AB = (AQI/At) x At/m c where m = pV ) So answer alone gains the 3 mark only.
A6 = 2700 x (60 x 60) / (4.5 x 1000 x 4200) v Firs mark can be gained if (60x 60) is absent
even if not re-arranged.
Full substitution correctv’ The change of temperature may be written as
a difference between 28 °C and an unknown
temperature (allow in kelvin written either way
01.2 temperature rise = A9 =0.51 (K) v' (= 0.514 K) round ie with incorrect sign) 3 AO2

1 sig fig is not acceptable.

Useful numbers:

4.5 x 1000 x 4200 = 1.89 x 10’
2700/(4500x4200) = 1.4 x 10™
Max 2 if:

Omits (60 x 60) giving 1.43 x 10* K
Omits 60 giving 8.57 x 107

YA
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< QUESTION

(When the pump is working at speed) the pump is doing work
(on the water) v/

(Lenient mark — a reference to random motion
or more collisions may gain this mark but a
simple increase in kinetic energy is not

work (and heat both) can raise the temperature of a body (as | enough)

stated in the 1° Law of thermodynamics) (this may be

01.3 expressed as work is converted to thermal energy) OWTTE 2 2 A03
OR Do not penalise answers that go nowhere
The pump increases the randomness / turbulence of the unless they directly contradict a marked
water/molecules answer.
OR
The mean square speed/mean kinetic energy is proportional to
the (absolute) temperature. v (this may be given in the form
on an equation) OWTTE

Total ‘ 7

Question Answers Additional Comments/Guidance Mark deltgils

An equation is not sufficient unless the
symbols are defined. Unit charge can be
replaced by coulomb.

(The electric field strength at a point) is the force per unit (Reference to a point is not needed as it is in

rharna v

Bﬁ@/ﬂ'
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< QUESTION

01.1 Attempt to use ¢ = (7575 ) = (osoxar—70) ¥ 3 v’y Allow 1 sig fig due to the small 5 Hug'm'
temperature difference. No ecf — correct
. . L Math2-4
specific heat capacity of liquid nitrogen = answer only.
c=19x10°v, (allow 1 sig fig due to the small temperature
difference) v's Correct answer Consistent with 4™ mark
and only in the form shown ie no double or
Jkgt Kt orJ kg™ °C? v {taken from the answer line but if single solidus/oblique lines.
not present can come from the body of the answer space} Only penalise the kelvin unit if it has an
obvious loop at the top — allow if simply small.
(Use of volume = % )
0.050 V', Substitution or answer and can be seen
nitrogen gas = =5 - 0.013 (m3) v', {if both given both must be | without label or explanation.
correct} AO1-la-
v', Substitution or answer or words. 1
. .. 0.050 3 4 AO2-1f-1
nitrogen liquid = —— = 0.000062 (m . o
012 9 q 810 (m?) v'3 Evidence of AV or calculation introduced AO3-1b-
ORf h | bei liaible v with ‘work done =’ is required for the mark. 2
a reference to the volume being negligible v For an ecf the product must be shown in full Math2-1
Work done in expanding (= X = pAV) with the substitution of the ecf being clear.
=1.0x10°x0.013=1.3x 10° I vs
v'4 Allow ecf from 01.1 for this mark provided

Bﬁ@/ﬂ'
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< QUESTION

which is Tess than 1.0 x 10" J/the energy o change state =y | tNe Statelment iS ConsiStent with the figures:
(ie X<Y) v, OR

If the ecf comes from the 3" mark above then
the work done in expanding must be clearly
labelled for the comparison or have units of J
i.e it cannot be compared with a number that
just happens to be on the page.

Total 9
Question Answers Additional Comments/Guidance Mark deltzils
v’y Cannot be an average or a rms energy. Nor
_ o ) ) a vague reference to an energy of or in the
Itis the sum/total of the (kinetic and potential) energies of the | gas.
particles/atoms/molecules (that move at random in the aas) v AOl-la-
YA
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< QUESTION

01.1  |28(¢C)v 1

01.2 First alternative must not imply total loss of 1
intermolecular forces or neighbours.

A reference to ‘breaking the bonds’ implies all
the bonds and does not gain the mark.

No mark for saying bonds weaken.

The energy transferred However these errors in discussing the bonds

reduces the number of nearest atomic neighbours does not prevent a mark coming from another
point

OR

allows atoms to move their centre of vibration
Last alternative might be expressed as

OR ‘atoms change from fixed positions to them
breaks some of the (atomic) bonds being able to slide around each other’.
OR Ignore any references to changes in

crystalline to amorphous v (owtte) separation.

An explanation that involves increasing the
kinetic energy will lose the mark.

So will any description that implies it
becomes a gas.

The (total or mean) kinetic energy remains constant. v* >

013 The (total or mean) potential energy increases. v’

YA
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< QUESTION

igllun: referencesto ialgCl Sepatl ation
(because it's not always true): collisions (as it
is not a gas) or measures of randomness
(which are usually too vague).

D
e
S
H

The mean speed/mean kinetic energy increases v/ Condone use of average for mean.
Don’t allow velocity instead of speed.
During this time interval the atoms are all in

the liquid form so no credit for references that
indicate a change of state.

01.5 First mark can be given by seeing the 3
substitution which may have some errors for
. _ example not using exactly 28. These will be
= = v

Using both AQ = mcAf and AQ = PA penalised in the second mark.

Correct answer gains first two marks
NB 400 J kgt K™ shows candidate has
wrongly made calculations for the solid.

_ PAr_ 35X (148-112)x60 o
T mre T T 025x(110-28)

¢ =370 v (allow 365-375) No mark for the unit if a solidus is used
L N because of the uncertainty of whether the K is
JKkg*K* v (orJkg™C™) on the top or bottom line. (which is correct

J/kg/KorlJ/kg K?)
However allow a prefix if kilojoules are used for
example.

Bﬁ@/ﬂ'
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
01.6 (Using both AQ =ml and AQ = PAY) The calculation yields1.3 kJ kg if the 60 2
 PAfy _35x ((112-1.8) x 60) _ » seconds is omitted.
! (_ 7) - 0.25 =79k kg™ v

Interim stage heat supplied = 19.7 kJ
hence M = gallium v (condone an ecf consistent with the
calculation provided a comment is made if the value falls
outside the range of the table)

A valid calculation must be shown to gain this
second mark.

Total 10

Question Answers | Additional comments/Guidelines Mark ‘ AO |

INZ
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< QUESTION

A

N
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< QUESTION

C

N
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< QUESTION

D

N
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< QUESTION

A

N
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< QUESTION

C

N
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< QUESTION

|07 | Apo2 | 150 K |

N
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< QUESTION

| 08 | D (AO2) | pressure of the gas internal energy of the gas |

N
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< QUESTION

‘ 9 ‘ C ‘ Charles’s Law ‘
| | | . |

N
258



< QUESTION

‘ 8 | B | doubling the volume at constant pressure |

N
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< QUESTION

‘ 10 | B | 400 K |

N
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< QUESTION

‘ 8 ‘ C ‘ 16 cm? ‘AOZ‘

N
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< QUESTION

‘ 10 ‘ B ‘ Hl—pluz_;lj ‘AOZ‘

N
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< QUESTION

011 n=43.1v (=2 SF) - 105x10° x1 1 AO1
8.31x(273+20.0)
Question Answers Additional comments/Guidelines Mark AO
pV
01.2 Use of m = N, ORm = pV Allow ecf for incorrect T and/or n in 1.1 3 AQ2

OR use of Mmolecule =

my,

Ng

3 .
OR (¢ype)? = 7” seen in any form

= ORN = nNA

OR use of their mass with pV = éNm(crms)2

OR use Of M (Crms)? = KT ¥

Correct answer see table v,

Several approaches are possible

v 1.25x1.00 _
m=2L— =200 482 x 10726
nN,y  43.1x6.02x1023

(5.1 x 10726 if 40 used)

BKT  [3x1.38x10™ %293
¢ .= - 22 - 502
\' m 4.82%10

OR
Correct SF see table v'3
n \/2 \/3 l 2 Nm _ 1 2
V ==N —=—Nm(c
Crms I Ms™! SF p 3 m(Cms)” P p 3 (Cms)
Without n 500 — 503 3 SF (501 —503)
n more than 3SF | 500 — 503 | 3 SF (501 — 503) () :3_17(: w _ apcr)
43.1 500 — 503 3 SF (501 — 503) ms Nm o p
43 500 — 503 2 SF (500)
40 _ /3><105x103
(no evidence of 482 — 484 2 or 1 SF (480 or 500) Cms = az— =202
. or 500 1.25
n=43in1.1)
40
(evidence of 4802r g04084 1 SF (500)
n=43in1.1)

Bﬁ}*@:
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO

rms

01.3 T =4 x 293 or 4 times the starting temperature in K v/ mp1 Using %m(crms)2 :%kT so (¢, ) ocT 2 AO2f

change in temperature = 879 (K) v' (correct answer gains > 2
both marks) (crms) — ( ><crms)

Alternative

293 T
T = m(2¢rms)? T=293x4=1172 K

3k mp2 change in temperature = 1172 — 293 =
Their calculated T — 293 v* 7709 879 K

correctly calculated for their m, ¢,

Allow answer that rounds to 880 (K)

If no other marks awarded award max 1 when
T is 4 times original and A8 = 60

Question Answers Additional comments/Guidelines Mark AO
01.4 Max 2 from: v'v/ 3 2 x
AO2.2f

e Calculation of mass of water condensed in one
hour 1.25 x 960 x (0.0057 — 0.0037) = 2.4 (kg) 1 x

e use of their mass with mcA8 (expect 4.5 x 10* (1)) AO3.1a
e use of their mass with mL (expect 5.5(2) x 10° (J))
heat energy removed = 5.6 x 10° (J) v
Total 9
7
Question Answers Additional comments/Guidelines Mark | AO |
I . [ _. . . . I N AN I B I . I
@*@'
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< QUESTION

03.1 UK reject ‘pressure released (in 9d)’ 2
Boyle’s Law applies
OR

PV = constant; ,v’

for ,v* allow mean KE of molecules is the same

1.
any suggestion that pressure is constant OR the volume is constant accept P oc V&

OR the temperature changes OR the amount of air in the flask
increases as flask is raised loses both marks allow nRT = constant;

reject PV =k (unless k = constant is also seen)

same (air) pressure v/ for ;v and ,v" accept constant/unchanged = same
and condone ‘assume same pressure/mass of gas

same mass of air ,v’

. . . v
any suggestion that temperature is constant OR that volume is for v accept same (number of) moles or same

03.2 constant OR that pressure has changed OR the amount of air in the | 270Ut of gas 2
flask decreases as flask is moved from H to C loses both marks no credit for stating ‘volume increases as
temperature increases’
‘temperature is in equilibrium’ is neutral
14
YA
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MARK SCHEME - 7408/3 Section A - June 2018 - Q3

3.6.2.2 Ideal Gases

Question Answers Additional Comments/Guidelines Mark
relevant quantity and instrument seen: alternative
volume(s) (of liquid) measured using a measuring cylinder OR for ;v"/mass (of liquid/flask) measured using a
graduated beaker ;v balance
reject ‘measuring beaker’ and ‘burette’ reject ‘scales’ and reject ‘weigh/find weight/weigh
eye level with the bottom of the meniscus (allow suitable sketch the mass
showing eye) ,v' for ,v'valid method to account for the mass of flask
‘ ) ‘ . C . eg tare/zero balance (ECF ‘scales’) with (same)
03.3 measure at eye level’ OR ‘eye level with graduation’ OR ‘eye om 3
; o pty flask on balance and then measure mass of
perpendicular to graduation’ are not enough flask with liquid OR
i v
to avoid parallax error 3 subtract mass of empty flask from mass of flask
containing liquid; don’t penalise ‘weigh’ twice OR
see alternative opposite; if both approaches are given record the ensure the balance is on a horizontal surface
mark to whichever scores most _ .
for sv/find volume(s) using V = %; V must be
subject
suitable vertical scale for their data points covering at least half the for 1" the two correct data points a suitable scale is
grid: 10 cm” for each major division
false origin on the vertical scale correctly marked; an unmarked origin is be assumed to be (0, 0); if a
broken scale symbol is not used and the V scale
03.4 vertical scale marked at sensible intervals, based around intervals of | becomes non-linear, withhold the mark 3
1, 2, 4 or 5 etc; graduations no further than 2 major divisions apart ;v award v = 1 MAX for thick or poorly-marked
19, 207 plotted to nearest ¥ grid square v’ points eg thicker than half a grid square;
86, 255 plotted to nearest ¥z grid square ;v reject blobs, dots and circles
continuous ruled best-fit line of positive gradient through intersection | apply same criteria for judging line quality as in
03.5 of cross-hairs of their points v/ 02.3; don’t penalise thick line if thick points are 1
penalised in 03.4

< QUESTION

266
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< QUESTION

Question Answers Additional Comments/Guidelines Mark
legitimate method to calculate horizontal intercept 280 —
eg gradient calculated from AV divided by A@ ie numerical evidence y =0.7164x + 193.39
of 2 steps required; don’t penalise read off errors or small steps 260
reads (to within 1 grid square) OR uses a point on the line to calculate HHH
(with correct use of y = mx + ¢) the vertical intercept; sensible values
are shown on the right ;v 240
correct use of their vertical intercept and their gradient to calculate the Viem?
horizontal intercept using —1 x vertical intercept divided by gradient ,v' 220
OR
o A
similar triangles, eg 200
255-207 207-0 -
= or similar seen ;v
03.6 86-19 19-60 180 3
minimum A@= 86 — 19 (= 67as in example above) v 0 20 406/°C60 80 100

result in range —260°C to —285°C ;v

withhold mark for missing sign; no credit for unsupported answer in v condone V changed to m® when calculating
gradient and finding intercept values

for a graph with a negative gradient allow credit for
1v only = 1 MAX

no credit for non-linear graph = 0 MAX
data which may be seen in working include

V =193 cm?®, 6=0°C; V =265cm’, #= 100 °C;
V =207 cm®, =19 °C; V =255cm°, #=86° C

Total 14

16
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< QUESTION

04.1 attempts two calculations that would lead to a conclusion for 1v' the result of at least one calculation of 1 1xAO1

v M x y must be correct (see table) otherwise 1 x AO2
withhold both marks;

allow use of y in m but reject POT error;
allow use of correct read-offs from valid BFL;

condone use of two rows of data to show that
when M doubles, y does not halve;

award of »v is contingent on valid ;v 1
a reasoned judgement explaining why y not inversely

oroportional to M »v’ for »v' two correct calculations of M x y;
| 2

see table for min sf in result for M x 'y
OR

in sf
M/kg | y/mm | acceptable M xy | mins one correct calculation of M X y and an

0.5 89(.0) 445/ 45 2 appropriate reverse-working calculation;

1.0 82(.0) 82(.0) statement rejecting inverse-proportion

15 76(.0) 114(.0) supported by suitable quantitative reasoning,
20 71(.0) 142(.0) eg calculation of the percentage difference
55 66.5 166(.3) 3 between the results of their calculations;

30 62.5 187.5/ 188 condone ‘large’ / ‘significant differences’

(between calculation results) / use of >> etc;

reject ‘values are different’ / ‘not same’ / ‘not
constant’ / ‘not close enough’ use of > etc;

reasoning must be based on the data points,
eg reject ‘best-fit line crosses y-axis’

15
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
04.2 (as P moves down trapped air expands so) must address situation in Figure 11 Max 3 3 xAO3
pressure (of trapped air) is reduced 1v' for 1v" allow ‘pressure reaches lower value’

reject ‘pressure is low’

pressure less than atmospheric pressure »v’ for ,v" allow ‘there is a pressure difference
across P ‘/ ‘external pressure > pressure of
trapped air’
award 1v',v for pressure of air reduced below
atmospheric”

this leads to an upwards force balancing the weight of P for sv" allow any correct idea about how two

OR opposing forces act to produce equilibrium;

. . . ‘no resultant force’ is not enough

pressure difference across P x area of piston = weight of

piston 3v’ reject ‘weight = gravity’ / ideas about ‘suction’
/ equating pressure with force

why P falls when the valve is opened 4v' for 4v" idea of external and internal pressures

equalising;

reject ‘pressure released / returns to normal’

16
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
04.3 smooth curve of decreasing negative gradient through all 6 | for ;v must be a single continuous line for M > 1 1xAO1
points 1v/ 0.5 that overlaps with all 6 +; 2 x AO?
line with negative gradient extrapolated (backwards) to M | condone poorly-marked line (note that poor line 1 x AO3
<-0.35,v guality may only be penalised in Question 03.4)

records y corresponding to M = -0.7 3v'

y in range 108 mm to 116 mm 4 for .v condone linear extension of curve with 1
negative gradient for M < +0.5

OR

) for 3v" curve must extend to where read off is 1
for incorrect M (3 MAX) being made
smooth curve etc 1v’
line with negative gradient extrapolated (backwards) to M | award of 4v is contingent on valid sv 1
<-0.35,v
for 4" answers that round to nearest mm are
records y corresponding to M = —0.35; acceptable

y in range 101 mm to 107 mm 3,v’

OR
for linear graph (2 MAX)

ruled line with negative gradient extrapolated (backwards)
to M <—-0.35 ;v

records y corresponding to M = -0.7;

y in range 97 mm to 103 mm z4v’

17
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
04.4 correctly identifies error 1v/ for 1v reading has been taken at / from the top of 1 1xAO1
the meniscus / top of coloured oil / top of liquid 1 x AO2
OR

should have taken / did not take reading from the
bottom / lowest point of the meniscus / lowest
point on surface of coloured oil

OR
‘(student thinks) sub-divisions are 0.1 cm® and
not (as question states) 0.2 cm®

reject ‘should have read from bottom of coloured
oil’ / ‘failed to read meniscus properly’ / ‘read at
the top of the air’ / ‘has read divisions incorrectly’
or wtte

correct reading is 35.8 v for ,v' CAO 1

18
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
04.5 gradient from A log(V / cm®) divided by A log(p / MPa); don’t insist on large steps / read off accuracy 1 1xAO2
evaluated to > 3 sf result between —1.05 and —1.01 v/ accept result that rounds to 3sf between —1.05 2x A03

and —1.01; sign essential

relevant algebra enabling comparison with y =mx + c »v" | for ,v' (eg Boyle’s Law written as) 1

log V = —log p + constant

condone variation based on Ideal Gas Law in
which case must establish that (NR)T / (NK)T is
constant (which then implies Boyle’s Law)
(recognisable data book symbols only)

OR
(Figure 13 shows)
log V = gradient X log p + constant;

accept (log) k, (log) ¢ etc as recognisable
symbols for the constant;

condone (any) numerical value given for the
constant eg 10%68;

accept m as recognisable symbol for the
gradient

why gradient ~ =1 confirms Boyle’s Law 3v’ 1
for 3v” allow gradient is / equals / should be —1

if 2v' not given accept ‘gradient ~ —1
demonstrates inverse proportion or wtte

19
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
04.6 V2 in range 10.5 to 11.5 (cm®) earns 1v'2v'3v 1x AO2
reads off and attempts to make use of log p1 AND log V1 for 1v" check log V1 is within half a grid square of 1 2x AO3
for any point on the line 1v/ correct position for their log p1 or vice-versa;
‘make use of’ excludes use in a gradient
calculation
applies a workable method »v' for .v" creditworthy examples are 1

a calculation of the intercept in Figure 13
eg logV +log p=0.585

OR

use of gradient = AlogV (eg similar triangles
Alogp

idea)

OR

a calculation of pXV (by any means)
OR
use of log V = —-1X log 0.34 + their intercept

no credit for claiming 1.685 (or 1.170) are
intercepts; this cannot earn ,v’

further manipulation to determine unknown V2 v/ for 3v" accept result that rounds to 10.5 or 11.5; 1

accept 2sf 11 (cm®)

20
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO

04.7 temperature (of air) 1v/ for ;v accept ‘mean ke of air molecules’ (or wtte) 1 1xAO1
[ ‘vapour pressure of air’ 1 x AO2

‘keep mass of air constant’ is neutral (this
information is given below Figure 13)

change the pressure of the gas slowly or wtte award of »v is contingent on valid 1v/ 1

OR for ,v' condone ‘keep lab temperature constant’;

wait (after a change) between taking readings / until the oil | ‘yse a water bath’ is neutral

level ili v
evel stabllises » reject ‘do the experiment slowly’ / ‘do not heat

the apparatus’ / ‘keep windows closed’ etc

Total 19

21
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274



< QUESTION

D

N
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< QUESTION

Cc

N
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< QUESTION

B

N
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< QUESTION

C

N
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< QUESTION

C

N
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< QUESTION

D

N
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< QUESTION

C

N
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< QUESTION

& | B ] U |

N
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< QUESTION

| 0 | A | 43mst |

N
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< QUESTION

011 Condone “molecules” or “atoms” for 1 AO1
“particles”

Kinetic energy will be taken to mean total
total kinetic energy of the particles v/ kinetic energy but do not accept use of mean
kinetic energy or reference to kinetic energy
of a single particle.

Do not allow any reference that implies there
is potential energy or any other energy added
to the kinetic energy.

Question Answers Additional comments/Guidelines Mark AO
01.2 (the speed before and after a collision is the same in the Use of subscripts i and f or before and after 1 AO1
elastic collision) do not need explanation.

= pr—pi) = — mc — me = — v . o
Ap (Zpr=pi) me —me = =2me A will be assumed to mean (final — initial).
Either the initial momentum or the final
momentum must be described clearly enough
to justify the negative final answer

VA
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
01.3 Time between colliding with W (= S )= 21 Mgst sr)ow evidence of a time calculation 1 AO1
c c using distance and speed
T\ 2! Do not allow any attempted use of v =12
7
Q%W‘ﬂ
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
014 F The reference to Newton law could be a 2 AO1
Reference to a Newton law AND P = ) Y1 simple link between Newton’s name and an x2
equation.
2 2
pl= £ _ me XLZ _me
A / / V
Total 5
8
Question Answers ‘ Additional comments/Guidelines | Mark ‘ AO ‘
Q&'/@
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< QUESTION

01.1

The volume/size of the gas molecules is negligible/point mass or point
molecule

Or molecules are point masses

Or small compared to the volume/size occupied by of the gas v owtte

No mark for all the same size or spherical.

Without the comparison the word used must
suggest extremely small.
Zero volume is wrong.

01.2

(using N = PV/KT)

N = (1.0 x 10° x 0.70 x 10%/(1.38 x10 x 300) v (first mark is for
converting the temperature to kelvin and using it in a valid equation)

N = 1.7 x 10?* molecules v (1.69 x 10?? molecules)
Alternatively (using n = PV/RT)

n = (1.0 x 10° x 0.70 x 10/ 8.31 x 300) = 0.028 mol v (first mark is
for converting the temperature to kelvin and using it in a valid
equation)

N (= n Na = 0.028 x 6.02 x 10%) = 1.7 x 10* molecules v (1.69 x 10
molecules)

Correct answer scores both marks.
Power of 10 issue = AE

Temperature conversion = PE

01.3

(using Tg = Ta Ve / Va)
Tg =300 x 0.50/0.70 = 214 (K) v
Change in temperature (= 214 — 300) = (-) 86 (K)v’

Or
Ts (= PV/INK) = 1.0 x 10° x 0.50 x 10°%/(1.38 x10% x 1.69 x 10%)
=214 (K) v

Change in temperature (= 214 — 300) = (-) 86 (K)v' (+ 1 K)
Or

Ts = (PV/NR) = 1.0 x 10° x 0.50 x 10 /(0.028 x 8.31)
=215 (K) v

Correct answer scores both marks.

Let the last mark stand-alone provided an attempt
at calculating Tg is made.

Also allow working in Celsius for this last stand-
alone mark.

Qﬁ}*@:
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< QUESTION

Change in temperature (= 215 — 300) = (-) 85 (K)v’

N
288



< QUESTION

| Question | Answers | Additional Comments/Guidelines | Mark |
01.4 An appropriate calculation might be: On its own higher temperature scores 0.
_ Additionally there must be a reference to a
(If the temperature remained constant Pc = Pg Vg / V¢ ) correct calculation to obtain the last mark.

— 5 -3 -3 — 5
Pc=1.0x10°x0.50 x 107/0.30 x 107 = 1.7 x 10° (Pa) ¥/ The question only requires the candidate to spot a

(but the pressure at C is higher than this so) the temperature at C is change. The two marks are for each side of a

different / higher / not constant v comparison. _
Complete figures are not always required. For
Or example in the last alternative the common factor

10° could be missing.
(If the temperature remained constant Pc V¢ would equal Pg Vg )

— 5 -3 —
Pg Ve =1.0 x 10" x 0.50 x 10™ = 50 2" alternative may come from a ratio.
Pc Ve =2.05 x 10° x 0.30 x 10° =61 v/
(P V is not equal) the temperature at C is different / higher / not

constant v’ Depending on the sig figs used in the substitution
of data the temperature has a range 256 — 270 K

PV = NKT may be used as another alternative.
Or a full calculation can be given using P V / T = constant.

PsVe/Tg=1.0x 10° x 0.5 x 10°/ 214 = (0.234 J K™)
Tc = Pc Ve / constant = 2.05 x 10° x 0.30 x 102/ 0.234
Tc=263KV

the temperature at C is different / higher / not constant v/ On a few occasions the full paper may be required
to view.

Qﬁ}*@:
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< QUESTION

| Question | Answers | Additional Comments/Guidelines | Mark |
015 work done on gas from A to B (using W = PAV or W = area under the
graph = 1.0 x (0.70 — 0.50) x 10°) =20 (J) v
giving a reference to the work done being the area under the graph v/
This second mark can be obtained from an attempt
The third mark can be obtained in the following ways: at an area calculation that involves the curved
section of the graph.
calculating the area indicated corresponds to the additional work done
on the gas from B to C
: NB ‘additional work’ must be quoted to give mark
for 8 — 10 J.
3
(166 mm? where 1 mm? = 0.05 J) = 8.3 J ¥ (allow 8.0 — 10.0 J)
Or
The total work done (566 mm? where 1 mm? = 0.05 J) = 28.3 (J) v/
(allow 28.0 — 30.0 J) This 3" mark is for a correct evaluation and not for
details of the process.
Total 10

YA
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< QUESTION

| Question | Answers | Additional Comments/Guidelines | Mark |

N
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< QUESTION

02.1 Any two from v'v' Reference to the volume occupied by the gas 2 2xA01
¢ Volume of molecules/particles is negligible/small must be clear for the first point. So ‘volume of
compared to the volume of the container gas’ is not enough. 3.6.2.3

o Collision time is negligible/small compared to the time
between collisions

e Collisions are elastic or kinetic energy is conserved

e There are negligible/no forces between Condone “Newtonian mechanics apply”
molecules/particles except during collisions

Condone missing reference to “except during
collisions” in bullet 4.

INZ)
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
02.2 The essence of the Newton law must be 3 3 x AO2
given in the context of the gas.
There is a change in velocity/momentum for the molecules | Just quoting a Newton law is not enough for a 3.6.23
(at the wall) because the direction has changed v'; mark. e
Relates MP1 to Newton | OR Il v,
Do not accept “rate of change of momentum”
(Uses Newton lll to) link the force on the wall and the force | in MP1.
on the molecule v3
Condone “bounces from wall” for “changes
direction”.
Collision is not a change in direction.
Accept reference to changing
velocity/momentum/direction in MP2.
Question Answers Additional comments/Guidelines Mark AO
Use of Ex = kT to find 2x 6.7x 10721 _
02.3 se of Ex = 7kT'to find a temperature ViT="2"——=324K 3 1xAO1
Using
PV = 2 N1 (Crms)? With Eic =2 (c,5)? t0 find N 3 5622
3.6.2.3
Correct substitution into PV = nRT to find n )
v/, for use of the equation.
_ (PV _ 220x10°x0.35 _ 3 _ 220x10°x0.35
OR o 3PV L n_(R_T_ 8.31x324 >°rN_EX 6.7x 10721
Correct substitution into N = 35, to find N (= 1.7 x10%)v,
k

10

Bﬁ@/ﬂ'
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< QUESTION

amount of gas = 29 (mol) v’ (28.6 mol) V'3 10 ecf, correct answer only

If no other marks are awarded, award one
mark:

for an unsupported final answer of 1.7 x 10?5
which is the number of molecules.

OR

for converting a number of molecules into
. . N
moles using theirn = —
Ng

11

N2
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
02.4 Drawn graph with concave shape always above existing Drawn line must be + 1 small square (2 mm) 2 2 xAO2
graph passing through at least one of the data points. (data | of a data point to count.
points are shown as crosses on the graph) v/
3.6.2.2
Passing through coordinates (2,8), (4,4) and (8,2) v/ \ \
(coordinates refer to cm intervals on the graph) pressure \
N N
—
’ 0 volume
Condone a poor quality line.
Total 10
12
Question Answers Additional comments/Guidelines Mark ‘ AO ‘
Ql'/‘@
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< QUESTION

03.1 I nere must be some Inaicaton or a change or 1
(If not in a vacuum) gas atoms will collide with air atoms, the_oyen gas molecules associated with AOl.la
. LS S collisions
changing their direction or speed distribution. v/ . . . x1
If temperature change is mentioned this must
be related to speed distribution for the mark
Question Answers Additional comments/Guidelines Mark AO
03.2 Finds time taken for one rev AND/OR time for 1/8 rev v/ lrevin 1/120 s or 0.00833 s 2 AO2.1h
x2
(Uses speed = distance/time to get) Time for 45° or 1/8 rev = 1.04 x 103 s
=0.500/1.04x10°=480ms* v Must have 2 or more sf answer but 500 m s*
1 is acceptable as a final answer provided the
(so about 500 ms™) calculated time for 45° or 1/8 rev is shown
and rounded down to 2 sf
Question Answers Additional comments/Guidelines Mark AO
03.3 | Mass of one atom = m = 0.209/Na = 3.47 x 105 kg v, v'1 May be seen in the substitution of the 3 AO1.1b
equation that follows x1
Substitutes m and answer 03.2 in %M (Crms)? = %kT and voT = %(answer 03.2)? AO2.1c
x2
rearranges v
v ' -1
T=1930K v, 3 Accept 2095 K or 2100 K if 500 m s
used
A correct answer also gains the second mark

12

Qﬁ}*@:
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
03.4 (Pressure is due to collisions of atoms with oven walls) 2 AO1.1b
With fewer atoms fewer collisions per second v'1a x1
v'1a There must be a reference to frequency AO2.1c
but average momentum change per collision stays the or rate of collision x1
same
or

therefore the total momentum change per second falls

v . . .
(so pressure drops) 'z v'1 The equation may be in any equivalent

OR kinetic theory form

Reference to pV = §Nm(crms)2 v 1b pV=nRT is not acceptable unless a

) ) connection is made between T and ¢,
¢rms 1S CONstant as T is constant hence p « N (so pressure

drops) v 2

Question Answers Additional comments/Guidelines Mark AO

03.5 (pV = nRT) ecf for T from 03.3 1 AO2.1h
x1

— V((Ih—l’z) v
leaked n = 7

=8.42 x 103 mol

13
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO

At higher temp atoms will be faster (so drum will not have

03.6 v'1 Accept drawing but allow any degree of 2 AO3.1a

tumed as far) ¥1a maximum darkness. The drawing may be flat x2
Darkest area will be closerto A vz, or curved.
B A

I |

Allow

more atoms will pass through S as it passes
the oven, for the first mark

making the dark patch darker, for the second
mark. This must be linked to the more atoms

Total 11

14

Question Answers ‘ Additional comments/Guidelines Mark | AO |

INZ
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< QUESTION

ANy suggesuon tnat partcies ao not Tollow 5 AO1
Newton'’s laws, are not deterministic, or the
motion is unpredictable, is incorrect and
restricts to MAX 1.

Ignore references to Brownian motion and
collisions.

02.1 There is a range of speeds / kinetic energies v’

Allow velocity for speed in MP1.

A reference to average speed is not enough
for MP1.

Idea of no preferred direction v/ Must express the idea that all directions are
equally likely not just that there is a range of
directions.

Allow v, =v =V, or similar for MP2

10
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< QUESTION

Question Answers Additional comments/Guidance Mark AO

02.2 Any two from: v'v/ Mark using list principle 2 AO1

¢ particle volume << gas volume / particle volume is
negligible / point masses

« time for collisions << time between collisions / collisions | Time for collisions is (very) short/small is
are instantaneous insufficient

¢ no non-contact / intermolecular forces between the
particles

e all collisions (between particles / between particles and . . . . .

X Ignore (as included in assumption given in

wall) are elastic 02.1):

¢ the particles follow Newton’s laws / have no wave o
behaviour o there is no preferred direction

o there is a range of speeds

Particles are (very) small is insufficient

1"

YA
300



MARK SCHEME - 7408/2 - June 2025 - Q2 3.6.2.3 Molecular Kinetic Theory Model < QUESTION

Question Answers Additional comments/Guidance Mark AO
02.3 Any two from vV Ignore reference to equations of state. 3 AO1
e greater mean speed / c / mean kinetic energy Do not allow greater mean velocity in bullet

e (mean) change in momentum / Amv (per collision) point 1. Other marks can be awarded.

increases
e more frequent collisions (with walls, for the same
volume) ) o ]
« force increases because force is the rate of change | !gnore references to particles colliding with

each other.
of momentum / F = %

. Alternative route
Larger volume increases the (surface) area and

force . ] (all marks must come from same route)
pressure = (if the force increases so must the area
area (Increase in temperature means) crms
to keep pressure the same) increases v’
1 -
OR Use of pV = gNm(crms)2 to justify increase

Larger volume increases the (mean) time between
ha e of V'v

collisions or decreases the number of collisions per second

/ frequency of collisions v/ p N and m named and stated as constant v

(decreasing the total rate of change of momentum and
hence force)

Question Answers Additional comments/Guidance Mark AO

02.4 3 3 1 AO2
AE, (:EkAT:ExlSleO23 x(77-27) |=1.0(35)x107*' (J)

v

12
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< QUESTION

Question Answers Additional comments/Guidance Mark AO
02.5 Calculation of number N of water molecules in 1 kg or N = _ 3 AQO3
3 3 3.0x107°
2 h ' N
use of 2 kT or use of 3 RT for their AT v/ Allow N = A
0.018

Allow MP1 for quoting their answer to 02.4 if
A6 =50 K in MP2,

Use of mcA#@ for their A0V AIIov;/ for MP2: 3
c =EkAT><N =E><l.38><10’23 x1x their N
Max 1 when different AT and A8 used for
MP1 and MP2.

Valid comparison of quantities leading to no v/ e.9. ¢ =690 (J kg ! K1) # 1400 so no, water
vapour does not behave as an ideal gas
e.g. for change in temperature of 50 K:
Q =2.1x10721(J)
and AE, = 1.0(35) x 10721(])
Condone comparison involving 1 sf
Alternative method
mcA@ = %kAT v

3k \3x1.38x107*
c e B \/
2m ) 2x3.0x107%
Comparison of quantities leading to no v/
Total 1

13
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< QUESTION

|Question| Answers ‘ Additional comments/Guidance | Mark | AO ‘

N
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< QUESTION

U UUIC O ALV TIDNTTIVILUUIL D \(LHTUL THTIUVL UL TUHTUUTTT T UL Yuo) 7 ]

021 v, This is independent of the first mark 2 2

For reference to kinetic energy of the gas or molecules v/, provided energy of the gas is given in some
form. So here an average kinetic energy would
be acceptable.

v 11irst COndone ‘becomes/is zero’ or phrases

Using) the gas laws it is the temperature at which the
( 9) g b like ‘said to be zero’ or ‘thought to be zero’.

volume/pressure of a gas extrapolates to zero

OR v'1secona JUst quoting Charles’ law or the AOL-1a-
022 | (Using pV = nRT or pV = NRT) it is the temperature when pv | Pressure law is not enough. 5 5

or Vorpis zero

OR

v 1irg Allow the information in the form of a

Plotting data of volume (or pressure) against temperature the | sketch.
plot extrapolates and crosses the temperature axis at absolute

YA
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< QUESTION

(whereas) using the kinetic energy it is the temperature at
which the (random) motion stops or can be extrapolated to
stop or the kinetic energy (of the particles) is zero. v/,

v The zeromust bevery explicitesg- ot just
very very small.

Allow reference to zero point energy/residual
kinetic energy at 0 K/uncertainty at 0 K

Alternative 1

M(Crms)? __ (3kT\ _ 3RT
-y or (Ek)average “\Z )7 zn, Y 1A

3RT )1/2 _ (3><8.31><310)1/2

v R can be in form of a
40x1072 2n {

Crms = (
symbol}

mNa

=440 (M SY) Yaau

v'1ar1 The Mark is for introducing —: in the
A
mean energy equation.

voarr The mark is for the use of the molar
mass.

¢rms Must be the only unknown in the
equation, data and constants to be shown.

v3ar. Only allow a correct answer so no ecf

Question Answers Additional Comments/Guidance Mark deItZiIs
molar mass v'1 Substitution of the molar mass or the
Mass of argon atom = TNa answer gains the mark. Also the numbers may
40%x1072  40x1072 6 be seen in the equation of the second mark.
= :A - 6.02x>< 0= 6.6(4) x 10 (kg)
v, Give a mark for this rearrangement and
3kTN /2 substitution even if the mass is incorrect.
Crms = (T) Crms Must be the only unknown in the
” / equation, data and constants to be shown.
= w v, {k can be in form of a symbol}
6.64x10 v’3 Only allow a correct answer so no ecf from
9 the second mark. AO1-1b-
=440 (ms ) V3 A correct answer gains all three marks 1
02.3 3 AO2-1f-2
Math2-3

@*@'
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< QUESTION

from the second mark:

A correct answer gains all three marks

{On most occasions answer 5.7 x 10%ms™
yields 2 marks as the wrong mass has been
used}

Alternative 2

v'1a2 The mark can be given for evaluatin
3KT 3% 1.38x 107 x 310 the . .

(B _ — 6.42 x 10721 (]) either the average or the total kinetic energy.

average — 2 - 2 - Y

OR v,ar2 Give a mark for this rearrangement and
o 93 substitution even if the energy is incorrect.

(BEtotar = (Eidaverage X Na = 6.42 X 107" X 6.02 X 10 Ccrms Must be the only unknown in the

(B toral = 3.86 X 103 (3) Y1412 equation, data and constants to be shown.

v3a2 Only allow a correct answer so no ecf
. y 1 from the second mark.
2 2 .
Crms = <2 X (their energy )> = (M) A correct answer gains all three marks
molar mass molar mass {On most occasions answer 5.7 x 10 1 m s
yields 2 marks as the wrong mass has been

2x3.86x10% /2 used}
- ( 40% 1072 ) 2An2
4 Note the slightly different answers for the third
=439 (Ms™) Yaar mark which depends on the route taken.

Allow ‘they are the same’ as a bold statement.

04 (In equilibrium at the same temperature) both gases have the | However if this is not an opening statement 1 A021-1d-
02. same mean or average kinetic energy v’ following the question then ‘mean or average’
Math2-1
must be used.

Particles/atoms/molecules collide with the piston/walls and v/, Ignore any reference to particles colliding AO1-1b-

025 change momentum v'; with each other. 3 2
' . _ AO2-1b-

(The piston provides the) force = rate of change of momentum 1

.X’}/.
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< QUESTION

(The particles give a force on the piston producing a pressure)
A relevant reference to pressure = force divided by/over area | v'; Relevant = reference to Piston or arising
or FIA V3 from the particles. (ie where or what)

If no mark is scored give a mark for P = F/A
alone

N2
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< QUESTION

Question Answers Additional Comments/Guidance Mark deltgils
change
the volume could be increased o )
An explanation in terms of the gas laws is not
explanation acceptable.
which increases the time between collisions OR results in less
frequent collisions (with the piston/wall so reducing the rate of | 3 marks '
change of momentum) for 2 changes and 2 explanations
OR
which increases the area of the piston/wall (and so reduces 2 marks _ AO2-1h-
the pressure) for 2 changes and 1 explanation 2
02.6 3 AO3-1a-
change 1 mark 1
the temperature could be reduced for 1 change with corresponding explanation
OR
explanation 2 changes with no adequate explanation
which reduces the momentum (change at the wall)
OR If a wrong change is given, eg. reduce the
(and) increases the time between collisions or reduces the mass, then only one mark is available for one
frequency of collisions (reducing the rate of change of change with corresponding explanation.
momentum)
vV
Total | 14
9
Bﬁ@/ﬂ'
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< QUESTION

. -, . ID
Question Answers Additional Comments/Guidance Mark details
’ tha wnrle Adnnalanarons raniiirad in hrinnina 1 ka/iinit mace from A test mass should not be taken to be a unit AN1_1a_

N2
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< QUESTION

C

N
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< QUESTION

B

N
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< QUESTION

D

N
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< QUESTION

B

N
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< QUESTION

13 D Signals from the satellite can be sent to at any point on the Earth's
surface during one orbit.

N
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< QUESTION

|24|D\ 395V |

N
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16 D —
| . |
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< QUESTION

‘21‘A‘ 0 ‘AOZ‘

N
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< QUESTION

03.1 It is not possible as the force (due to the magnetic field) is The main part being examined is the reference to
perpendicular to the motion/direction of travel/velocity v (it can only the force being perpendicular to the motion.
change the charged particle’s direction or alternatively no work is 1
done on the proton)

Or
No component of force in the direction of motion.

03.2 BQv=mV?/rv Accept ‘e’ if used instead of ‘Q’
tsemi-circle (= distance / speed ) =nr /v
Or use of e (= distance / speed ) = 2 n r /v ¥/(this mark can only be | Alternatives can be given for the first two marks.
awarded if it follows an attempt to answer the first mark) 1* needs a centripetal force term. 3
combining gives 2" is a circular motion expression to enable r to be
(terce = 27m / B Q s0) removed.
tsemi-cice = 7M /B Q

(which does not contain r / is independent of r) v/

03.3 (rearranging first equation in 03. 2 or from data booklet v=B Qr/ m) | Correct answer scores both marks.
v=0.44x1.6x10"x055/1.67 x 107 v 2
v=23x10"(ms?') v

Total 6

11
| Question | Answers | Additional Comments/Guidelines | Mark |

| | frmAadaratary  tha nAanitran 1indaranne an Alactin Aallicinn/hAailinanc AfF | Niict hava tha idaa that tha nainitran clawn haralica | |
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< QUESTION

np Z.0 X1V A DU X1V vV 2 A LUILITULL AlIDVWTIT yallid wuLll HHairno. 1
05.1 2 AO2-1f-1
N = 120 (turns) v, If no mark is awarded a single mark can be Math2-1
given for ® = BAN cos 30° being used to find
N =139.
— — -3 o
®(= NABcosf = 1.5 x 107 cos 30°) AO2-1f-1
05.2 1 Math2-1
Flux linkage = 1.3 x 107 (Wb turns) v
v, Condone using 1 sig fig for f but not o or T.
_1__1 _ - -1 ! AO1l-la-
f=1=55"40H)0or0=2510r8r(rads ) vy The mark can be gained from seeing f or o or 1
05.3 T given explicitly or from a substitution in the )

. 3 peak emf equation in the second mark. -1h-
Peak emf (= BAN 2= 1.5 x 107 x 20 Aoz
=0.038 (volt) v, (0.0377 volt) v, A correct answer gains both marks. Math2-2

2.0 The mark is dependent on the exact crossing
flulinkage 15 of the time axis which has a tolerance of + 1
b AN Fi TN small square.
0.0 / : —4 1A
05.4 osP—N—— /1 e NSRS ps0 The vertical axis figures is not expected. 1 Aoi la
. -1.0—
ok Also ignore errors in height and the exact Math2-1
positions of the peaks.
Either solid or dashed line gains mark v Only a rough sinusoidal shape is expected. A

Bﬁ@/ﬂ'
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< QUESTION

triangular shape with very slightly rounded
edges would-beacceptabte:

Total 6
Question Answers Additional Comments/Guidance Mark deltzils
Condone because thermal/slow moving
To increase the probability/chance of fission (when neutron heutrons are needed for fission to take place
collides with fissile material/ U-235) ‘fuel’ but not ‘fuel rod’ to be used in the AAD 1a.
Ql'/‘@
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< QUESTION

Inaucea current as mnis 1s aepenaent on a

04.1 flux linkage) is such that it will (try) to oppose the change (of L . . 1 AO1
’ S circuit. Ignore reference to current if emf is
flux) that is producing it v' owtte .
given.
11
A
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MARK SCHEME - 7408/2 - June 2018 - Q4

3.6.S Synoptic and Cross-Topic Questions

< QUESTION

The reading does not have to be steady. So
04.2 (Thereading showsadc)current ftowwhichthenmbecomes readingincreasing or putsing up beforefatting AO2
' zero (when the magnet stops moving) v/ to zero is okay. There should be no hint that
the reading changes direction.
The polarity of the coil may be shown on the
diagram.
(The induced current produces) a north pole on the right hand
side of the coil. v’ The two marks are independent but the second
mark does not stand completely alone as it has
which opposes the motion of the bar magnet to be said in context. EG ‘Two North poles
04.3 OR repel’ on its own will not gain a mark. AO1
' and the two north poles repel each other AO2
OR
to try to maintain the (small) magnetic field as the magnet
approaches the coil (without this the magnet would increase
the magnetic field beside the coil) v/
(Use of £= Blv as the straight leading edge of the coil is the
gr)lg conductor that cuts the magnetic flux lines. Also using v = Useful numbers BA = 3.89 x 10
t = Bls/e v Although the first mark can come from
substituting numbers the equation mark may
(There must be some evidence of use for the mark but the be(jIOStt'f |td|sbotz\r/]|ous that éh(ite?_uatlon IS no;[j
mark can come from substituting numbers, eg t = 0.38 x 0.032 understood by the way substitutions are made
% 0.032 /2.9 x 1041) (this does not include a simple AE slip). This
04.4 ' ' loss of a mark is directed at the candidate who AO2
_ v guotes several equations and happens to hit
t=13(4) () on the correct equation but fails to use it
OR properly.
Failure to square the side length is a PE.
ftisgg/j; (N Ag/AL then At = A(BA)/) Answer only gains 2 marks.
(There must be some evidence of use for the mark but the

12
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< QUESTION

Tmark car corme front substituting mumbers,
eg.t=0.38 x .032%/2.9 x 10°%

t=1.3(4) (s) v

(using e = BANw sin et which give a maximum value of & =
BAN®)

ous © (= £ JBAN) = 5.1 x 102 (0.38 x (0.032)2 v Candidates who cannot maximise/remove sin

wt gain no marks. 2 AO2
{may see w=5.1x10°%/3.9 x 10}
o=13(.1) (rad s™) v

Total 8

13

INZ
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< QUESTION

Question Answers Additional Comments/Guidance Mark delt[;ils

}(/)Isdlatlon because it is very / the most penetrating The quoted radiation must be gamma only and

iati iti i P n mixture.
y radiation because it is penetrating enough to irradiate all ota mixture

cidac nf tha inctriimante

N2
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< QUESTION

05.1 Wiax e ¥ ¥ MP1 may be part of MP2 3 AO2f
21 21 - -
S W= = e ores = 2064 %10 ®(rads™) Ignore PoT, rounding errors and minor copy
2mr _ 2mXx4.489x108 -1 errors for MP1 and MP2
——————=1196 (ms™")

orv=—=
T 27.3X24X60X60

Substitution or value

2..3
A substitution into T2 = 47;—1\; or equivalent is

o ) ) not accepted for the first bullet.
o |dea (resultant) gravitational field strength is equal

to Centripeta| acceleration e.g. In the second bullet point do not allow Im

gr = @orgg=rw?orgg = ”r—z(= 3.19%x 10 ms3?) MP3 must follow from correct working
e Ideathat g,,= g — 9¢

1.21 x 107* > 3 SF from correct working v (N kg™1)

Question Answers Additional comments/Guidelines Mark AO

05.2 GM /6 67 ™ 10—11 > 7 35 % 1022 A"OW eCf fl’0m 05.1 2 AOZb

r= =,— - v

Vew Vo 121x107
6.37 x 107 (m) v

Allow 6.38 x 107 or 6.39 x 107 or 6.4 x 10’
(m)

16
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MARK SCHEME - 7408/2 - June 2024 - Q5

3.6.S Synoptic and Cross-Topic Questions

< QUESTION

Question Answers Additional comments/Guidelines Mark AO
05.3 Idea that the force from the Moon is in the v'1 Allow gravitational field strength from the Moon is in 3 AO2e
) opposite direction to the force from the Earth v/ the opposite direction to the gravitational field strength
from the Earth.
Condone balanced forces for v'1 but not v's.

An expression of why S; can’t orbit Earth at v'2 Alternatives
this w and r without the moon. (Without the Moon's gravitational influence)
Idea that the Earth’s gravitational force is too e the force or gravitational field (strength) from
great or that it causes an angular velocity that is the Earth is too large
too great (without the presence of the Moon) ! ) g' o .

e the force or gravitational field is larger as it is
OR closer to the Earth (than S1 or the moon)
Application of the idea that orbital period e the required centripetal force is smaller as it
decreases with radius v closer to the Earth (than Si or the moon, at the

same angular velocity)
e satellite’s angular velocity is greater than the
Moon

e satellite’s period is less than the moons

e satellite’s angular velocity would be too large.
An expression of how the moon enables S; to | v; The resultant/total centripetal force/centripetal
orbit Earth with this w and r. acceleration/gravitational field strength is less (because
Idea that the Moon and the Earth reduce the of the Moon’s presence and so orbits at the same
resultant or centripetal force (causes the angular | angular velocity as the Moon).
%psed of 8; and the Moon to be the same) Reject the idea that the centripetal force on the moon
Effect of the moon’s gravitational force or field is and S; are the same.
to reduce the (angular) speed or increase period | Do not credit arguments based around being closer to
V3 moon

Total 8
17
Question Answers ‘ Additional comments/Guidelines Mark ‘ AO ‘
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< QUESTION

02.1 Relating the gravitational force to mass x acceleration with | ,  GMm _ _m? 2 2 3.7.24
the acceleration being centripetal in any form v'; v (ma) ;o mrwormyve and AO2 le
r can be replaced by R + h x2
. . GM
show the working leading to answer w = @ 2
Question Answers Additional comments/Guidelines Mark AO
02.2 ) ” v'1 A full substitution in the equation can gain 2 3.7.24
w= , O |e67x 10 x397x 07 this mark even if w is incorrectly calculated AO2 1b
(R+h) (2.02x 107+ 6.37 x 10°) x2
=1.45%x107* (rad s} v _ .
( ) A final correct answer for T gains both marks
T=2=_—2 _=43(1)x10*(s) >
o 145x107% T

INZ
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
02.3 Launch from Z with some speed or energy argument v, v'1 Condone ref. to equator rather than Z 2 3.7.2.4
. . AO1 1b

. . . A Consider answer Y only if extremely well
At this p_osn_lon the satellite has the I,argest_lnltlal explained in terms of different potentials and AO3 1b
speed/kinetic energy from the Earth’s rotation. v, fuel use

Question Answers Additional comments/Guidelines Mark AO

02.4 gravitational potential energy v', for the equation or substitution without the 2 3.7.2.3
x 10~ x x 1024 x i i

- ) % OR (=) 6.67x 10 2.665;910710 1630 /i need for the negative sign on121b

gravitational potential energy = —2.44 x 10'° ) 2

only allow ecf for r = 6.37 x 10°
giving gpe = —1.02 x 10*'J

v, the minus is necessary for the mark

Correct answer gains both marks

10
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
025 In a higher orbit the linear speed is smaller using > 3724
v= /ﬂl or v —=v AO2 le
r VT x2
Suitable justification of v o % v, v’z example
o GM  IGM  |GM
N [ ERR (O RN I
Or derivation from basics
Total 10
11
| Question | Answers Additional comments/Guidelines ‘ Mark | AO ‘

[ [ [ Thara mitet ha ecama indiratinn Af a2 ~rhanAa Af | [ [
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< QUESTION

07.1 Heavy water 1 AO1
OR
Beryllium / Be Accept D20 and H20
OR

(normal) Water ¥

Question Answers Additional comments/Guidelines Mark AO
07.2 Any two points from: ¥'¥’ Condone the answer: 2 AO1
e U-235/Uranium fuel will (be more likely to) absorb the As an alternative to the first point AO2

neutron Fission of U-236 is much more likely.

o slow neutrons are less damaging OR cause less fatigue | Condone the answer:
to the structure of the reactor/shielding/etc Absorption by U-238 is less likely.

o slow neutrons (spend longer within the fissionable
material and) increase the chance of causing fission

¢ slowing neutrons transfers heat energy to the moderator
(which can make heat easier to extract)
all points OWTTE

26
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< QUESTION

1,
X . . —myv 2
.flrnélklhetllc energy _| 2 _(Y —0.85% = 72% v/,
initial kinetic energy 1 2

(Hence) proportion of kinetic energy lost = 28% Y2

v'2 can be an ecf but only for an arithmetic
error.

Question Answers Additional comments/Guidelines Mark AO
07.3 v'1 can be for any of the terms shown 2 AO2
equating to the kinetic energy ratio. AO3

INZ
331
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
07.4 final kinetic energy = (3 kT =)7.2 x 10721 (J) V1 v'1+2 Both marks must come from the same 3 AO2
2 alternative route and have consistent units x3
initial kinetic energy = (W= QV)=1.6 x 10713 (J) V2 (which may not be seen).
OR v1 Initial kinetic energy =
3 23 — 21
final kinetic energy = 0.045 (eV) ¥'1 2 $ 138107350 =7.245 10
s T . 6 v -21
initial kinetic energy = 1.0 x 10 (eV) V2 _ 7.245><1({13 — 0.045 eV
1.60x10
. . 1n £, v'2 Using the eV unit alternative the second
(Rearranging equation y = E )) mark cannot be given without an attempt at
b the first mark.
The 1.0 x 10%eV can be seen in a later
substitution provided eV is used throughout.
1.0x10°
s ™ o045
y=23.2)"3 =—~ " 7-9232
YT o
Condone answer 24 provided it is given as an
integer.
28
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
07.5 Idea that the model/Figure 15 shows that low nucleon Condone the use of nuclear mass instead of 2 AO2
number (and so low mass) gives a greater mass number. x2

change/reduction in speed/KE (in a collision) v

Idea that fewer collisions needed (with a low mass number
so moderator can be thinner) ¥

Total 10

29
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< QUESTION

Question Key Answer
8 C 60 kg
9 Cc Charles’s Law
10 C 10%
11 B ( M ji
R
12 B M
(R+h)
13 D Signals from the satellite can be sent to at any point on the Earth's
surface during one orbit.
14 c 20
ne,d’
15 A 20 uN
16 A vertically down the plane.
17 C the electric potential of the sphere.

30
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< QUESTION

18 A
\ N @ v 4
19 C 4.0x10%m
20 B 6.0x10°T
21 B The radius of the path followed by an ion is different for each isotope.
22 A §
0 N h 1
23 D 600 pvV
24 D 395V
25 D gamma radiation from nuclides with a small decay constant.
26 C The number of alpha particles deflected backwards is greater than the
number that pass straight through the foil.
27 C 0.174 A

31
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< QUESTION

28 A when a particular nucleus will decay.
29 B B

30 C 16 MBq

31 B 1.0 x 10° W

32 D 6.1 x 10°

32
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< QUESTION

02.1 Idea that the oscillations (of particles in the wave) are at Allow ‘oscillates’ for ‘oscillations’. Do not 2 AO1
right angles 1v' accept ‘vibrations’.

Allow ‘displacement’ for ‘oscillations’
Credit a correctly labelled diagram
Do not allow a contradiction in v/

to the direction of energy transfer ,v’
2v is contingent on 1v'.

Do not allow direction of (wave) motion/travel
Treat any reference to polarisation as neutral.

If no other mark given: award max 1 when
answer suggests that amplitude is
perpendicular to the direction of energy

transfer.
Question Answers Additional comments/Guidance Mark AO
02.2 Idea that waves (from vibration generator and reflected If a reflected wave is referred to, the 1 AO1
wave) travel in opposite directions (along the wire) and presence of an incident wave can be
superpose v’ assumed.

Do not accept ‘interfere’ for ‘superpose’

Do not accept reference to ‘phase
(difference)’unless correct, ie a valid
comment would be ‘phase difference is time
dependent’.

Qﬁ}*@:
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< QUESTION

Question Answers Additional comments/Guidance Mark AO

02.3 Idea that particles in wave between P and P; are in phase 2 AO2

OR If no other mark given: award max 1 for ‘P1
and P3 and P5 are nodes’ and ‘P2 and P4
are antinodes’ provided that there is no
reference to a phase relationship between the
nodes.

between P3 and Ps are in phase 1v/

Reject: ‘completely out of phase’ or ‘out of
phase’ for antiphase; allow ‘r out of phase’ or
‘180 degrees out of phase’.

Idea that particles between Py and P3 are in antiphase with
particles between P3 and Ps

OR

idea that P2 and P4 are in antiphase v’

YA
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MARK SCHEME - 7408/1 - June 2025 - Q2

3.6.S Synoptic and Cross-Topic Questions

Determines frequency of first harmonic f; for one wire and
value of ¥ ¥

Evidence of use of 5f; to determine the frequency range
OR
evidence of required frequency <10 Hz 3¥

Comparison between the fifth-harmonic (frequency)
and 50 Hz. 4,v

Wire B and W=1.0 N 5v

Allow incorrect values of mass per unit length
to be carried forward from 4v" to the rest of
the answer except 5v'.

Expect to see values from:

wi| A A B B
N | fi/Hz | 5fiHz | fi/Hz | 5fi/Hz

1.0 13.0 65.0 8.7 43.5

5.0 29.0 145 19.4 97.0

For 4v, look for some idea that their selected
fifth-harmonic frequency is the greatest that
does not exceed 50 Hz or that first-harmonic
is greatest that does not exceed 10 Hz.
Allow reference to ‘range’ for values of
frequency.

4 does not require a value for the fifth
harmonic.

B can be identified by its mass or mass per
unit length.

MPS5 is a standalone mark and can be
awarded without further evidence.

Question Answers Additional comments/Guidance Mark AO
02.4 Determines mass per unit length for either wire and answer | A 1 =6.60 x 10~* kg m™! 5 1 x AO1
seen on answer line 1¥ B u=147x 10 kgm™ 4 x AO3

< QUESTION

10
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Alternative ,v', 3v and 4v

< QUESTION

For alternative ,v' expect to see one from:

wi A B
v

»,v" Calculates a wa.\velfength (qr half wavglength) for 50 Hz N | wavelength | wavelength
and any one combination of wire and weight. /'m Im
3v" Evidence of maximum wavelength (or half wavelength) 1.0 0.78 0.52
of fifth harmonic is 1.5/(5/2) or 0.6m (or 1.5/2 or 0.3 m). i '

) o 5.0 1.74 1.17
4+¥ compares between their combination wavelength and

their fifth harmonic maximum wavelength.

If alternative methods are used: ,v" is for
using the frequency formula, 3v* is for a
calculation that allows the comparison; 4v is
for the comparison.

Total 10

11

Additional comments/Guidance

Answers ‘ Mark ‘ AO ‘

Question

YA
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< QUESTION

03.1 Arrow pointing up labelled magnetic force or Fpm and arrow | As location A is given in the question the base of 1 AO1.1b

pointing down labelled electric force or Fg v/ the arrows do not need to sit exactly on A but
arrows, if extended, should pass through A.
Care —in some cases A can look like an arrow
head.

03.2 Statement that electric and magnetic forces balance 2 AO1l.1b
OR AO2.1b
gE = Bqgv
OR A correct final answer gains both marks M2
E=vB
OR
15x10°x0.12 v
electric field strength = E=1.8 x 10* (V m?) v

. . V2 .
033 (centripetal force or Fe zmT , equals force due to the Condone use of F to represent both F¢c and Fr, 1 AG2.1c
magnetic field or Fm = Bqv) Allow an interchange between use of g and Q.
Note F = is required
F= ﬂ=qu and hence r==-v' a
r Bq
-26 5
03.4 - <=ﬂ= 1.0x10 x1.52<1190 ) =0.078(1) v ecf on second mark. 2 AO1.1b
Bq 0.12x1.6x10 x2
distance (= 2r) = 0.16 (m) v" (0.156 m) second mark given only if mv/Bq used.in an M2
calculation.
13
YA
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
03.5 (using an energy approach) 3 AO1.1b
work done by field equals gain in KE gV = %mv2 v1a A(?(Zz.lf

1
2qv 2x1.6x107" %0 /2 M2 x2
(sov=[—> =|—F—==] )
m 1.2x10

1a in words or equation which can be awarded

mark for using the V/2 either in an equation or via a even if the ion is not singly charged
substitution v2a (candidates can wrongly think it has a charge
of 3e)

=2.8(3) x10° (M s™?) vaa
OR

. 2a for making use of half the pd ie 3000 V
(using a force approach)

3a Only allow ecf using 6000V giving

Force onion =ma = qE v'1p
v=40x10°ms?

(E=V/d
6000 x 1.6 x 107"
a= — =8.0x10"/d
1.2x10 " xd

Using v?= u?+2as)

Mark for using equation for E and equation of motion either
in symbols or via a substitution vz,

v=2.8x10°(ms?) v

14
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< QUESTION

A smaller mass gives a smaller time interval v’y

D
P
P
(OV]
N
»
)
w
H
O

(The explanation can come from a Force or a Work done
approach)

The ions are given the same force vz,

(so) smaller mass has higher acceleration and smaller time
interval v'3a

OR condone use of ‘lighter’ for ‘smaller mass’

Work done on ions or kinetic energy gained is the same
Vb

(so) smaller mass is given greater speed and smaller time
interval v'sp

Award any two of the three marks

Total 11

15
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< QUESTION

|Question| Answers ‘ Additional comments/Guidelines | Mark | AO |

N
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< QUESTION

03.1 Understanding that for coherence sources must have same 2 AOla
frequency/wavelength AND constant phase difference. v/ A01b
And that this achieved by both speakers being connected
to same signal (generator). v’
03.2 The sound waves from the two speakers superpose (at a Do not accept ‘interfere’ or ‘superimpose’ for 3 2 x
point) v/ ‘superpose’ AO2.1g
Accept for MP1 waves adding 1 x
together/combine at a point (e.g. point A) for AO2.1c
‘superpose’.
Do not accept diagram.
Award MP3 for formation of
At A (and B) the two waves are in phase/ have zero phase | minimum/destructive interference due to (odd
difference (and a maximum is produced)v’ number of) half wavelength path difference/
Moving away from A introduces a path difference/phase 7/ 180° phase difference/ antiphase.
difference/waves are out of phase (and amplitude
decreases) v
(Moving on towards B the waves move back in phase)
03.3 Clear evidence of use of Pythagoras v’ If ws/D used to give 0.13 (m) reward with 1 3 AO2.1h
Correct calculation of either length PB or QB v/ mark
PB = (2.25% + (0.95 - 0.3/2)%) %* = 2.39 m
QB = (2.25% + (0.95 + 0.3/2)) %* = 2.50 m
(Path difference =) QB — PB either numerically or
algebraicallyv’
(=0.11 (0.12) m)

10
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< QUESTION

Question Answers Additional comments/Guidelines Mark deltgils
03.4 (Path difference = one wavelength) Working or equation must be seen. 1 AO2.1h
Use of speed = frequency x wavelength to give Condone use of 0.10 m or 0.11 m or 0.127m
Speed = 2960 x 0.12 = 360 m s 1v/ or0.13m
0.10 gives 300 (296) m s
0.11 gives 330 (325.6) ms™
0.127 gives 376 m s+
0.13 gives 380 (385) ms™
03.5 Wavelength (gradually) increases. v/ 3 AO3.1a
So that path difference at C gets closer to one Alternative for MP2:
v
wavelength Separation of maxima (along line AB)
increasesv’
(Amplitude of) sound will get larger/louder as waves move | Alternatives for MP3:
in phase (then smaller/quieter).v’ Maximum moves (from B) towards C so
amplitude of sound gets larger/louder (then
quieter).
OR
Maximum moves further along path/beyond C
so amplitude of sound gets quieterv’
Total 12

VA
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< QUESTION

15
details

Question Answers Additional comments/Guidelines Mark

[ [ Evidanca af dictanca trauallad — aras 1indar Aaranh [ | |

N2
347



< QUESTION

06.1

v (74.2x10%)
T 422x10°
OR
13.0 (m s7?) seen v/

CGM_6.67x107" x1.90x10”
P (422x10°)?

OR
0.712 (m s72) seen v/

(for ballistic objects ma = mg so a = g and)

0.71 ms 2 # 13 m s 2 so the suggestion is not correct v

POT must be correct in MP1 and MP2

If no working, correct units must be seen
somewhere for MP3

Allow calculation and comparison of
centripetal force and weight if consistent
mass used.

Condone 1SF answers.

Correct answers to calculations required for

MP3.

Alternative

2.3
Evidence of T? =

or 2 — GM

r3
Calculation of any relevant quantity or
combination of quantities

eg.v=173kms!'v

Comparison of a relevant quantity to
conclude that suggestion is not correct v/

3

AO3
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< QUESTION

Question Answers Additional comments/Guidance Mark AO

06.2 Arrow starting at dot, pointing vertically down the page v/ Condone a downwards vertical arrow where 1 AO2
the line of action passes through the point.

The line of action of the arrow must travel
through the plasma torus near to the ion.
Ignore arrows that are outside this area.

When more than one arrow is drawn within
the scoring area, then which arrow is B must
be indicated unambiguously.

Allow a line that looks vertical taking into
account the 3D nature of the diagram.

24
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< QUESTION

Question Answers Additional comments/Guidance Mark AO
06.3 BOv = my® v Evidence for MP1 can come from substitution 3 1 x AO1
7 of candidates centripetal force as their 2 x AO2

magnetic force in second equation.

Do not accept e for Q in MP1 when correct
answer not seen.

Allow ecf for use of their centripetal
acceleration (expect 13.0) from question 06.1
e.g. BQV =ma

531x10% x74.2x10°
3.2x107"9 x4.22x10°

B( )=2.9x10" v

MP3 can be awarded with no working.

kg Al's2v

25
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< QUESTION

Question Answers Additional comments/Guidance Mark AO
06.4 Use of F=ma/ q = ¥’ OR use of F = OE v Ignore PoT in MP1 and MP2 3 AO2
" Condone in MP1 and MP2 the use of one of
either

e efor3.2x107 Cor
e me/ mpfor mass

OE\ 3.2x107"x371x10°° .
al| == |= v Allow use of F' = QF and F' = ma with same F’

m 5.31x107%

224 % 103 (ms2) v

26
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< QUESTION

Question Answers Additional comments/Guidance Mark AO
06.5 Any two from: v'v/ 3 AO2
e Correct charges for both ions Do not condone POT error in MP1.
2x1.60%x1071%(=3.2x10719) (C)
and 1.60 x 10~*° (C)
. Useof E= © for either charge Ex=72x10°Vm™
4mé, r E,=3.6%x106Vm!
Condone use of +1 or +2 for Q in bullet 2
Correct values seen for Ey and Ey gains bullets 1
and 2
o use of Pythagoras with their £ values Allow appropriate trigonometry with 63° or 27°
or Ep = m for bullet 3.
Do not allow use of Pythagoras with distances.
8.00r81x10°(Vm')v
Total 13
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< QUESTION

Question Key Answer AO
7 B év AO2
3
8 C 16 cm? AO2
9 C is constant as the pressure increases. AO2
6,-6
10 B 6-p (#J AO2
Pr— P
11 B +0 —q AO2
12 A 4F AO2
13 A qV AO1
28
Q%'/‘@
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—< QUESTION

AO1
14
+10V
A B C D
o - x x - x
15 Q q AO2
E
16 05 < AO1
17 600 pF AO2
18 233 Q AO2
29
NG
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< QUESTION

19 B ‘ R ‘ Q ‘ AO2
20 D 4] AO2
21 A 0 AO2
22 D 6.25 uV AO2
23 A 80% AO2
24 A 34 kHz AO2
25 D 64 cm AO2
26 C 0.103 MeV AO2
27 D Br+e - 1Pre+y, AO1
28 C 4.7 MeV AO2
29 A to absorb neutrons released from fission AO1
30 D slow neutrons to thermal speeds. AO1
31 D R only AO1

Total: 25 marks

30
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< QUESTION

03.1 for 1v and v allow > 4 sf rounding to 3 sf in 3 2 x AO2
range
1 x AO1
a in range with correct POT 4v/ov' for 1v" o in range 4.45 to 4.57
a in range with incorrect OR missing POT v/ for +v 2v" ain range 4.45 to 4.57 x 10~

allow 12v for e in range 4.39 to 4.63 x 103
OR

allow v for2sfa=4.5x 1073

1
K av for 3v" condone °K~! OR X OR B%

do not accept (°)C~!

do not accept k for K

14
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< QUESTION

Question Answers Additional comments/Guidance Mark AO
03.2 allow valid work in ‘wrong’ answer space 2 AO1
determines P using V' x I in some form for v AND / OR »v" accept formulae in
OR symbols or in words eg ‘power = current x
voltage’;

accept ‘voltmeter reading’ for '/ ‘ammeter

14
determines R using — in some form v/ !
I reading’ for /;

treat as neutral the idea of plotting an IV
graph to find P and / or to find R

determines P using V' < I AND R using % in some form for ov" allow ‘use the equation with R’;

any rearranged equation must be correct
AND

determines T using (their) R 1v2v egl =

0
aR,

+Ty;

treat the following as neutral:

(unqualified) ‘use the equation’ / ‘use T o« R
to determine 1"/ ‘use (extrapolate) Figure 6’ /
‘use Figure 8’

15

A
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< QUESTION

Question Answers Additional comments/Guidance Mark AO
03.3 2nd row of Table 2 P correct only penalise dp in 3V 3 2 x AO2
AND for +v" (2nd row) P = 5.0 (W)
4th row of Table 2 P> correct v AND 1 x AO3

(4th row) P> = 5.2 (W)
3rd row of Table 2:

P correct £ 0.2 for ov (3rd row) P =8.610 9.0 (W)
AND AND

P> correct £ 0.2 v P>=381t04.2 (W)

their P1 = their P — their P> for 3v° expect P1=4.4t0 5.2 (W)
AND

all the data added to Table 2 is to 1 dp 3v/

T/K | P/IW | Pt/W | P/W

960 3.7 1.2 2.5
1100 5.0 2.0 3.0
1370 8.8 4.8 4.0

1680 16.2 11.0 5.2

16
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MARK SCHEME - 7408/3 Section A - June 2025 - Q3

3.6.S Synoptic and Cross-Topic Questions

their P, data in Table 2 transferred to 3rd row / their P,
used to complete 3™ row

AND

4 sets of log T and log P, recorded in columns 3 and 4 of
Table 3 v

accept columns interchanged / axes reversed

for ov" check that the log 7" AND log P1
values are correct to at least 2 dp;

all log T values to the same (minimum 2) dp;

all log P values to same (minimum 2) dp OR
all to same (minimum 3) sf

ECF wrong Py;

Question Answers Additional comments/Guidelines Mark AO
03.4 intention to use a logarithmic plot to test power law: award 1v' for use of bracket, solidus AND unit MAX 5 2 x AO1
eg log (T/K) AND log (P, / W);
suitable headings in Table 3 can be shown EITHER in the Table 3 2 x AO2
OR headings OR for the Figure 9 axis labels;
suitable graph axis labels in Figure 9 v/ accept Ig (7/K) /log (T /k) for log (T/K); 1 x AO3

< QUESTION

T/K Py/W |log(T/K) log(P, /W) allow 4 sets of In (7’/ K) and In (P, / W)
960 12 2.98 0.08
1370 48 3.14 0.68 960 12 ) 687 0.18
1680  11.0 3.23 1.04 1100 2.0 7.00 0.69
1370 4.8 7.22 1.57
1680 110 | 7.43 2.40
17
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MARK SCHEME - 7408/3 Section A - June 2025 - Q3

3.6.S Synoptic and Cross-Topic Questions

suitable scales for their data;
each axis labelled with (at least) their plotted quantity;
allow interchanged axes 3v/

4 points plotted and a ruled line that is continuous (at
least) from 15t point to 4™ point 4v

an unrounded gradient result in the range 3.6 to 4.4
OR

a gradient result correctly rounded to the nearest integer sv’

n=4CAQ ¢

if the plot is not log-log or In-In award 12%3v'4s6% = 1 MAX
if plot is 7* against P1 allow up to 1v2v3v 4%5%6x = 3 MAX

e accommodate all their data

e have at least 4 evenly-spaced values
marked along each axis

e be linear, avoiding ‘difficult’ intervals

¢ allow points to cover > half the grid in both
directions (expect use of a false origin)

condone a suitably scaled and labelled non-
logarithmic plot including P, against T’

for 4v" the 1%t, 2" and 4" points should lie on
a straight line (by eye);

check possible errant point(s) but allow minor
plotting errors (< 2 minor squares);

do not allow blobs, thick or faint points;

allow a ruled line that is not the best line but
do not allow a thick / faint / discontinuous line

for sv do not penalise small steps;
condone one read off error

for reversed axes unrounded gradient range
is 0.23 to 0.28 or inverse of gradient rounded

6 is contingent on 5v'

Question Answers Additional comments/Guidelines Mark AO
03.4 Figure 9 and processing: for 3v" each scale must
(cont)

< QUESTION

18
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< QUESTION

Question Answers | Additional comments/Guidelines ‘ Mark | AO
03.4 Figure 9 with log (P, / W) against log (T / K) Figure 9 with In (P, / W) against In (T'/ K)
(cont)
y=3.9676x - 11.76
1.2 3.0
)/ y=3.9676x - 27.078
0.8 2.0
log (P, /W) )( In (P, /W) )(

0.4 1.0

X %

/
X X
0.0 0.0
2.9 3.0 3.1 3.2 6.8 7.0 7.2 74
log (T'/ K) In (7'/K)

19
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< QUESTION

typical graphs using the14 cm x 14 cm grid on Figure 9:

grid lines shown are at the semi-major (1 cm) intervals

note the false origin is required for a suitable log 7 scale

for these scales a minimum of 4 evenly-spaced values on each axis
are expected for ;v

Total 13

20
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< QUESTION

‘Question| Answers ‘ Additional comments/Guidance ‘ Mark ‘ AO ‘

N
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